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PUBLISHER'S   NOTICE. 


A  BOOK  which  since  1857  has  been  the  recognized  text-book  used  by  the 
great  majority  of  English-speaking  students  of  medicine  requires  no  introduc- 
tion to  the  profession  except  to  say  that  the  successive  issues  of  thirteen  editions 
have  been  utilized  to  perfect  the  work  by  subjecting  it  to  the  scrutiny  of  the  fore- 
most anatomists  of  a  generation.  In  this  way  a  degree  of  accuracy  and  com- 
pleteness has  been  attained  which  it  would  be  impossible,  to  secure  otherwise  in 
a  science  consisting,  like  anatomy,  in  a  multitude  of  minute  details. 

These  details  have  been  steadily  multiplying  with  the  advance  of  knowledge, 
and  even  more  marked  have  been  their  practical  applications  in  the  domains  of 
medicine  and  surgery.  The  consideration  given  to  these  applications  has  always 
been  a  prominent  feature  of  the  present  work,  and  this  distinctive  characteristic 
has  received  the  especial  care  of  the  editors.  In  fact,  in  no  previous  edition  have 
the  changes  and  improvements  in  every  portion  been  so  great.  The  text  has 
been  most  thoroughly  revised;  the  splendid  series  of  illustrations  has  been 
re-engraved  wherever  additional  clearness  could  be  attained,  and  has  been  rein- 
forced with  new  engravings  wherever  completeness  has  seemed  to  demand  it. 
These  illustrations  have  long  been  known  as  the  most  effective  and  intelligible 
anatomical  drawings  accessible  to  the  student,  and  in  their  present  improved 
shape  this  supremacy,  it  is  hoped,  will  be  fully  maintained.  ''  There  have  been 
incorporated  in  the  text  of  the  English  edition  a  number  of  the  valuable  sugges- 
tions and  alterations  made  by  Prof.  W.  W.  Keen  in  the  last  American  edition." 

The  present  edition  is  therefore  offered  to  the  profession  in  the  full  assurance 
that  it  will  more  than  ever  be  found  worthy  of  the  favor  heretofore  accorded  to 
it  as  the  standard  text-book  of  Anatomy. 


PREFACE  TO  THE  THIRTEENTH  EDITION. 


When  Henry  Gray  published  this  work  in  1858,  he  entitled  it  Anatomy^ 
Descriptive  and  Surgical^  and  he  introduced  under  each  subdivision  such 
observations  on  practical  points  of  Surgery  as  show  the  necessity  of  an  accurate 
acquaintance  with  the  anatomy  of  the  part  under  examination.  This  was  the 
first  time  that  such  an  endeavor  had  been  made  by  an  English  Anatomist. 

In  preparing  this  edition  the  Editor  has  endeavored  to  follow  in  the  lines 
originally  laid  down  by  the  Author,  and  has  tried  to  keep  before  himself  the 
fact  that  the  work  is  intended  for  Students  of  Surgery  rather  than  for  the  Scien- 
tific Anatomist.  Not  that  the  Editor  would  wish  to  disparage,  for  an  instant,  the 
study  of  Philosophical  or  Scientific  Anatomy,  but  that  he  thought  it  right,  con- 
sidering the  class  of  students  for  whom  the  work  is  primarily  intended,  that  he 
should  be  practical  rather  than  abstract  and  theoretical.  Accordingly,  he  has 
not  altered  in  any  way  the  original  plan  of  the  work,  but  has  endeavored  to 
render  it  more  practical,  and  of  more  use  to  the  student,  who  will  hereafter 
have  to  apply  his  knowledge  of  Anatomy  to  his  practice  of  Surgery,  by  intro- 
ducing a  considerably  increased  amount  of  Surgical  Anatomy,  and  by  pointing 
out  the  bearings  of  Anatomy  on  the  practice  of  Surgery. 

In  addition  to  this,  the  whole  work  has  undergone  a  careful  revision,  and  in 
some  minor  details  a  rearrangement  has  been  made. 

The  Editor  is  deeply  indebted  to  his  friend  Mr.  Ross  for  much  kind  assist- 
ance in  the  preparation  of  this  edition,  and  als6  for  the  help  that  he  has  rendered 
him  in  passing  these  pages  through  the  press. 

To  Dr.  Leonard  Remfry  he  is  also  much  indebted  for  his  kindness  in  revis- 
ing the  section  on  the  anatomy  of  the  Female  Organs  of  Generation. 

Several  new  illustrations  have  been  added,  principally  from  dissections  in  the 

Hunterian  Museum  of  the  Royal  College  of  Surgeons.     The  Editor  takes  this 

opportunity   of  thanking  Prosector  Pearson  for  the  kind  interest  he  has  dis- 

plaved    and  assistance  he  has  rendered  in   the  preparation  of  these  drawings. 

which  were  taken  from  dissections  made  by  this  master  in  the  art  of  dissecting. 
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GENERAL  ANATOMY. 


THE  fluids  of  the  body,  which  are  intended  for  its  nutrition,  are  the  lymph, 
the  chyle,  and  the  blood.  There  are  other  fluids  also  which  partially 
subserve  the  same  purpose,  as  the  saliva,  the  gastric  juice,  the  bile,  the  intestinal 
secretion ;  and  others  which  are  purely  excrementitious,  as  the  urine.  But  there 
is  no  need  to  describe  the  rest  in  this  place,  since  they  are  the  secretions  of  special 
organs,  and  are  described,  as  far  as  is  judged  necessary  for  the  purposes  of  this 
work,  in  subsequent  pages.  We  shall  here  speak  first  of  the  blood,  and  next  of 
the  lymph  and  chyle. 

THE  BLOOD. 

The  blood  is  a  thickish,  opaque  fluid,  of  a  bright-red  or  scarlet  color  when  it 
flows  from  the  arteries,  of  a  dark-red  or  purple  color  when  it  flows  from  the  veins. 
It  is  viscid,  and  has  a  somewhat  clammy  feeling ;  it  is  salt  to  the  taste,  and  has  a 
peculiar  faint  odor.  It  has  an  alkaline  reaction.  Its  specific  gravity  at  60^  F.  is 
about  1.055,  and  its  temperature  is  generally  about  100°  F.,  though  varying 
slightly  in  different  parts  of  the  body. 

General  Compoeition  of  the  Blood. — When  blood  is  drawn  from  the  body  and 
allowed  to  stand,  it  solidifies  in  the  course  of  a  very  few  minutes  into  a  jelly-like 
mass,  which  has  the  same  appearance  and  volume  as  the  fluid  blood,  and,  like  it, 
looks  quite  uniform.  Soon,  however,  drops  of  a  transparent  yellowish  fluid  begin 
to  ooze  out  from  the  surface  of  this  mass  and  to  collect  around  it.  Ooincidently 
with  this  the  clot  begins  to  contract,  so  that,  in  the  course  of  about  twenty-four 
hours,  the  original  mass  of  coagulated  blood  has  become  separated  into  two  parts 
— a  "clot"  or  "coagulum,"  considerably  smaller  and  firmer  than  the  first-formed 
jelly-like  mass,  and  a  large  quantity  of  yellowish  fluid,  the  serum^  in  which  the 
clot  floats. 

The  clot  thus  formed  consists  of  a  solid,  colorless  material,  called  fibrin,  and 
a  large  number  of  minute  cells  or  corpuscles,  called  blood-corpuscles,  which  are 
entangled  and  enclosed  in  the  fibrin.  The  fibrin  is  formed  during  the  act  of  solidi- 
fication. In  the  fluid  blood  in  the  living  body  there  are  two  substances,  named 
fibrinogen  and  paraglobulin  or  serum  globulin,  which  may  be  termed  fibrin-factors. 
These  two  materials,  when  withdrawn  from  the  body,  become  acted  upon  by  a 
third  material,  also  contained  in  the  blood,  and  named  ei.  fibrin-ferment,  emd  unite 
together,  forming  a  solid  substance,  fibrin.  This  latter  in  its  process  of  solidifica- 
tion encloses  and  entangles  the  blood-corpuscles,  and  thus  the  clot  is  formed. 

It  must  be  stated,  however,  that  recent  observations  have  shown  that,  in  the 
ict  of  clotting  outside  the  body,  solutions  of  fibrinogen,  on  addition  of  fibrin- 
ferment,  clot  firmly,  provided  that  the  solution  has  a  trace  of  a  calcium  salt. 
Consequently  paraglobulin  would  not  appear  to  be  necessary  for  this  process. 
The  act  of  clotting  outside  the  body,  which  is  evidence  of  the  death  of  the  blood, 
is  a  process  dissimilar  to  that  which  occurs  inside  the  body.  In  the  former  case 
a  body,  fibrinogen,  is  acted  upon  by  the  fibrin-ferment,  which  appears  only  after 
the  death  of  the  white  corpuscles.  In  the  latter,  intravascular  clotting  can  be 
produced  in  two  ways :  (1)  by  directly  stimulating  living  blood,  as  by  the  trans- 
fixion of  an  artery  by  a  needle;  or  (2)  by  injection  of  proteid  bodies,  which  con- 
tain lecithin,  and  which,  when  injected  into  the  blood,  kill  in  a  few  minutes  by 
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producing  intravascular  clotting.  Further,  injection  of  fibrin-ferment  into  the 
blood  has  negative  results ;  and  again,  addition  of  proteid  and  lecithin  to  blood, 
removed  from  the  body,  does  not  in  any  way  affect  the  ordinary  coagulation 
process. 

We  may  now  consider  the  constituents  of  the  blood  in  another  way.  If  a 
drop  of  blood  is  placed  in  a  thin  layer  on  a  glass  slide  and  examined  under  the 
microscope,  it  will  be  seen  to  consist  of  a  number  of  minute  bodies  or  corpuscles 
floating  in  a  clear  fluid ;  and,  on  more  minute  examination,  it  will  be  found  that 
these  corpuscles  are  of  two  kinds.  The  one,  greatly  preponderating  over  the 
other  in  point  of  numbers,  is  termed  the  colored  corpuscle;  the  other,  fewer  in 
number  and  less  conspicuous,  is  termed  the  colorless  corpuscle.  From  this  we 
learn  that  blood  is  a  fluid  holding  a  large  number  of  corpuscles  of  two  varieties  in 
suspension.  The  fluid  is  named  liquor  sanguinis  or  plasma^  and  must  not  be  con- 
fused with  the  serum  spoken  of  above  in  connection  with  the  coagulation  of  the 
blood.  It  is  serum  and  something  more,  for  it  contains  one  at  least  of  the 
elements  or  factors  from  which  fibrin  is  formed.  The  relation  of  these  various 
constituents  of  blood  to  each  other  will  be  easily  understood  by  a  reference  to  the 
subjoined  plan : 

r^  1        f  Colored  ^ 

Corpuscles    K  n  i    i  I 

m..AJ  I  Colorless  \^^^^ 

^1«°"*^  r  Fibrin/ 

Liquor    Sanguinis  < 

(  Serum 

The  blood-corpascles,  blood-disks,  blood-globules  are,  as  before  stated,  of  two 
kinds :  the  red  or  colored,  and  the  white  or  colorless  corpuscles.  The  relative 
proportion  of  the  one  to  the  other  has  been  variously  estimated  and  no  doubt 
varies  under  different  circumstances.  Thus  venesection,  by  withdrawing  a  large 
proportion  of  the  red  globules,  and  by  favoring  the  absorption  of  lymphatic  fluid . 
into  the  blood,  greatly  increases  the  relative  proportion  of  the  white  corpuscles. 
Klein  states  that  in  healthy  human  blood  there  appears  to  be  one  white  corpuscle 
for  600-1200  red  ones.  The  proportion  of  corpuscles,  colored  and  colorless  com- 
bined, to  liquor  sanguinis  is  in  one  hundred  volumes  of  blood  about  thirty-six 
volumes  of  the  former  to  sixtv-four  of  the  latter. 

Colored  corpuscles  when  examined  under  the  microscope  are  seen  to  be  circular 
disks,  biconcave  in  profile,  having  a  slight  central  depression,  with  a  raised  bor- 
der (Fig.  1,  h).     When  viewed  with  a  moderate  magnifying  power,  this  central 
^a       L    a  depression  looks  darker  than  the  edge.     When  exam- 

a  ^g^     M  ®  ined  singly  by  transmitted  light,  their  color  appears  to 

^    ®  ®i  c  be  of  a  faint  reddish-yellow  when  derived  from  arterial 

O     ^1     a  (HRl  blood,  and   greenish-yellow  in  venous  blood.     It  is  to 

eCy.     ®^      A^       their  aggregation  that  blood  owes  its  red  hue.     Their 
C^^      #^^  ^^      size  varies  slightly  even  in  the  same  drop  of  blood,  but 
^  ^  ^^      it  may  be  stated  that  their  average  diameter  is  about 

Fig. i.-Humaii blood-globules.   TSfW  ^^  ^^  i^^h,  their  thickuoss  about  12^00^  or  nearly 
a.  Seen  from  the  surface.  6.  Seen   one-quartor  of  their  diameter.     Besides  these,  especially 

from  the  side.    c.  Lnited  in  rou-    .^  .  -it  -i  t-  '*^.  '^ 

leaux.  d.  Rendered  spherical  by  m  some  anaemic  and  diseased  conditions,  certain  cor- 

water.     e.  Decolorized    by   the  i  r-         i      r  i.  ii'i^x 

same.  /.  Blood-globules  shrunk  pusclcs  are  found  01  a  much  Smaller  sizc,  about  one- 
by  evaporation.  ^jjjj.^j  ^j.  j^^jf  ^j^^  gj^e   of  the   Ordinary   one.     These, 

however,  are  very  scarce  in  normal  blood.  The  number  of  red  corpuscles  in  the 
blood  is  enormous;  between  4,000,000  and  5,000,000  are  contained  in  a  cubic 
millimetre.  Power  states  that  the  red  corpuscles  of  an  adult  would  present  an 
aggregate  surface  of  about  3000  square  yards.  Human  blood-disks  present  no 
trace  of  a  nucleus.  They  consist  of  two  parts :  a  colorless  envelope,  or  investing 
membrane,  which  is  composed  largely  of  fatty  material,  lecithin  and  cholesterine  ; 
and  a  colored  fluid  contents,  which  is  a  solution  of  a  substance  named  hcemoglobin. 
Haemoglobin  is  a  proteid  compound  of  a   very   complex   constitution  (CgQQ,  Hgj^, 
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Nj^,  FeSj,  O^,).  It  has  a  great  aflSnity  for  oxygen,  and  when  removed  from  the 
body  crystallizes  readily  under  certain  circumstances.  It  is  readily  soluble  in 
water,  and  the  addition  of  this  fluid  to  a  drop  of  blood  speedily  dissolves  out 
haemoglobin  from  the  corpuscle. 

If  the  web  of  a  frog's  foot  is  spread  out  and  examined  under  the  microscope, 
the  blood  is  seen  to  flow  in  a  continuous  stream  through  the  vessels,  and  the 
corpuscles  show  no  tendency  to  adhere  to  each  other  or  to  the  wall  of  the  vessel. 
Doubtless  the  same  is  the  case  in  the  human  body  ;  but  when  drawn  and  examined 
on  a  slide  without  reagents,  the  blood-globules  often  collect  into  heaps  like 
rouleaux  of  coins  (Fig.  1,  c). 

During  life  the  red  corpuscles  may  be  seen  to  change  their  shape  under  pres- 
sure so  as  to  adapt  themselves  to  some  extent  to  the  size  of  the  vessel.  They  are 
also  highly  elastic,  for  they  speedily  recover  their  shape  when  the  pressure  is 
removed.  They  are  soon  influenced  by  the  medium  in  which  they  are  placed, 
and  by  the  specific  gravity  of  the  medium.  In  water  they  swell  up,  lose  their 
shape,  and  become  globular ;  subsequently  the  haemoglobin  becomes  dissolved  out^ 
and  the  envelope  can  be  barely  distinguished  as  a  faint,  circular  outline.  Solu- 
tions of  salt  or  sugar,  denser  than  the  serum,  give  them  a  stellate  or  crenated 
appearance ;  and  the  usual  shape  may  be  restored  by  diluting  the  solution  to  the 
proper  point.  The  same  crenated  outline  may  be  produced  as  the  first  efiect  of 
the  passage  of  an  electric  shock ;  subsequently,  if  sufSciently  strong,  the  shock 
ruptures  the  envelope.  A  solution  of  salt  or  sugar  of  the  same  specific  gravity  as 
serom  merely  separates  the  blood-globules  mechanically  without  changing  their 
shape. 

The  white  corpuscles  (Fig.  2)  are  rather  larger  than  the  red  in  human  blood, 
measuring  from  about  ^  X  ^  to  ^g^oo  ^^  ^^  ^^^^  ^^  diameter.  They  consist  of  a 
transparent  granular-looking  protoplasm  containing  one,  two,  or  more  nuclei,  and 
presenting  bright  granules,  usually  of  a  fatty  nature,  but  which  sometimes  are  of 
a  reddish  color,  and  are  then  supposed  by  some  observers  to  be  in  a  transition 
stage  between  the  white  and  red  cor- 
puscles. When  absolutely  at  rest  they 
are  rounded  or  spheroidal,  but  under 
ordinary  circumstances  their  form  is 
very  various,  and  they  have  the  re- 
markable property  of  undergoing 
'* amoeboid"  changes  (Fig.  3).  That 
is  to  say,  they  have  the  power  of  send-       _ 

ing  out  finger-shaped   or  filamentous   pio.  2.-<i.  wwte  conpSacies  of  hum^In  blood,   d.  Red 
processes  of  their  own  substance,  by  corpuacies.  High  power. 

which  they  move  and  take  up  granules  from  the  surrounding  substance.  In 
locomotion  the  corpuscle  pushes  out  a  process  of  its  substance — a  psevdopodium, 
as  it  is  called — and  then  shifts  the  rest  of  the  body  into  it.  In  the  same  way, 
when  any  granule  or  particle  comes  in  its  way  it  wraps  a  pseudopodium  round  it, 


Fig.  3.~HumaD  colorless  blood-corpuscle,  showing  Its  successive  changes  of  outline  within  ten 

minutes  when  kept  moist  on  a  warm  stage.    (Schofield.) 

and  then,  withdrawing  it,  lodges  the  particle  in  its  own  substance.  By  means  of 
these  amoeboid  properties  they  have  the  power  of  wandering  or  emigrating  from 
the  blood-vessels  by  penetrating  their  coats,  and  thus  finding  their  way  into  the 
perivascular  spaces. 

The  white  corpuscle  may  be  taken  as  the  type  of  a  true  animal  cell.  It  has 
no  h'miting  membrane,  but  consists  of  a  mass  of  transparent  albuminous  substance, 
called  protopla97ny  containing  one  or  more  nuclei.     These  nuclei   become  more 
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perceptible  on  the  addition  of  acetic  acid.  The  protoplasm  contains  bright 
granules,  generally  of  a  fatty  nature. 

The  white  corpuscles  are  very  similar  to,  if  not  identical  with,  the  corpuscles 
of  lymph  and  chyle,  and  they  also  bear  a  strong  resemblance  to  the  cells  found  in 
pus.  From  the  fact  that  cells  exactly  like  the  colorless  corpuscles  are  being 
constantly  furnished  to  the  blood  by  the  lymphatic  vessels,  the  chyle-ducts  (and 
even  the  liver  in  the  foetus),  and  also  from  their  varying  proportions  in  different 
parts  of  the  circulation  and  in  different  pathological  conditions,  the  colorless 
corpuscles  are  often  regarded — with  at  any  rate  some  probability — as  an  earlier 
stage  of  the  colored  blood-disks,  but  the  evidence  in  favor  of  this  cannot  be 
regarded  as  conclusive. 

There  can  be  no  doubt  that  during  embryonic  life  the  red  corpuscles  are 
developed  from  mesoblastic  cells  in  the  vascular  area  of  the  blastoderm.  They 
are  at  first  nucleated  and  resemble  white  corpuscles,  except  in  their  color,  and, 
like  them,  are  possessed  of  amoeboid  movements.  They  are  succeeded  by  smaller, 
non-nucleated  corpuscles,  having  all  the  characters  of  adult  colored  corpuscles, 
probably  formed  by  a  conversion  of  the  former  into  the  latter.  So  that  at  birth 
the  nucleated  red  corpuscles  have  disappeared.  In  after  life  an  important  source 
of  the  red  corpuscles  is  the  red  marrow  of  bones,  in  which  certain  cells  found  in 
the  marrow  are  converted  into  colored  blood-corpuscles  by  the  loss  of  their  nuclei, 
and  by  their  protoplasm  becoming  tinged  with  yellow.  It  is  probable,  also,  that 
the  spleen  may  be  a  place  for  the  formation  of  red  corpuscles.  This  theory,  which 
was  formerly  universally  believed,  and  was  then  discarded  for  the  hypothesis  that 
the  spleen  was  concerned  in  the  destruction  of  the  red  corpuscles,  has  lately  been 
revived  by  Bizzozero.  The  question  must  still  be  regarded  as  sub  judice.  The 
proportion  of  white  corpuscles  appears  to  vary  considerably  in  different  parts  of 
the  circulation,  being  much  larger  in  the  blood  of  the  splenic  vein  and  hepatic 
vein  than  in  other  parts  of  the  body,  while  in  the  splenic  artery  they  are  very 
scanty. 

In  addition  to  these  corpuscles,  a  third  variety  is  found  in  mammalian  blood, 
and  has  been  specially  studied  and  described  by  Hay  em,  Bizzozero,  and  Osier. 
They  are  pale  circular  or  oval  disks,  about  one-quarter  or  one-third  the  size  of  the 
red  blood-corpuscles,  and  apparently  contain  no  nucleus.  They  have  been  named 
blood-plates  or  blood-plaques,  and  are  supposed  by  Bizzozero  to  originate  the  fibrin- 
ferment,  and  to  be  especially  concerned  in  the  coagulation  of  the  blood. 

The  liquor  sangumis  or  plasma  is  the  fluid  part  of  the  blood,  and  is  composed 
of  a  permanently  fluid  portion,  the  serum,  and  of  fibrin-factors,  which  unite  spon- 
taneously when  out  of  the  body,  and  by  their  union  form  a  solid  substance,  fibrin. 
These  two  fibrin-factors  are  named  fibrinogen  and  paraglobulin  or  serum  globulin. 
Paraglobulin  is  probably  contained  partly  in  solution  in  the  plasma,  and  partly 
in  the  colorless  corpuscles,  and  can  be  obtained  by  diluting  the  liquor  sanguinis 
with  ten  times  its  volume  of  ice-cold  water,  and  then  transmitting  through  it  a 
stream  of  carbon-dioxide.  Fibrinogen  may  be  obtained  in  the  same  way  as  para- 
globulin, but  the  liquor  sanguinis  must  be  still  further  diluted  and  the  current  of 
carbon-dioxide  must  pass  for  a  much  longer  time.  When  these  two  fibrin  factors 
are  withdrawn  from  the  body,  their  union  to  form  fibrin  is  probably  brought  about 
by  the  agency  of  a  third  body,  called  a  fibrin-ferment.  Fibrin  may  be  obtained 
by  whipping  the  blood,  after  it  has  been  withdrawn  from  the  body,  with  a  bundle 
of  twigs,  to  which  the  fibrin,  as  it  coagulates,  adheres.  Fibrin  may  also  be 
obtained  by  filtering  the  freshly-drawn  blood  of  an  animal  whose  corpuscles  are 
large,  care  being  taken  to  retard  coagulation  as  long  as  possible.  Under  these 
circumstances  the  corpuscles  are  retained  on  the  filter,  and  the  liquor  sanguinis, 
passing  through,  coagulates  and  separates  into  fibrin,  free  from  corpuscles,  and 
serum. 

Fibrin,  thus  obtained,  is  a  white  or  buff-colored  substance,  presenting  a 
stringy  appearance,  and  under  the  microscope  exhibiting  fibrillation.  When 
exposed  to  the  air  for  some  time,  it  becomes  hard,  dry,  brown,  and  brittle.     It  is 
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a  proteid  compound,  insoluble  in  hot  or  cold  water,  alcohol  or  ether.  Under  the 
influence  of  dilute  hydrochloric  acid  it  swells  up,  but  does  not  dissolve ;  but  when 
thus  swollen  it  is  easily  dissolved  by  a  solution  of  pepsin.  If  heated  for  a 
considerable  time  in  a  solution  of  dilute  hydrochloric  acid,  it  gradually 
dissolves. 

Serom  is  the  fluid  liquor  sanguinis  after  the  fibrin-factors  have  been  separated 
from  it.  It  is  a  straw-colored  fluid  having  a  specific  gravity  of  1.027,  with  an 
alkaline  reaction.  Upon  boiling  it  becomes  solid,  on  account  of  the  albumen 
which  it  contains.     It  contains  also  salts,  fatty  matters,  sugar,  and  gases. 

Oases  of  the  Blood. — ^When  blood  is  exposed  to  the  vacuum  of  an  air-pump, 
about  half  its  volume  is  given  off  in  the  form  of  gases.  These  are  carbonic  acid, 
oxygen,  and  nitrogen.  The  relative  quantities  in  100  volumes  of  arterial  and 
venous  blood,  at  0°  C.  and  1  m.  pressure  of  mercury  are  shown  in  the  accompanying 
table: 

Oxygen.  Carbonic  acid.  Nitrogen. 

Arterial  blood,  16  vols.  30  vols.  1  to  2  vols. 

Venous  blood,  6  to  10  vols.        35  vols.  1  to  2  vols. 

Roughly  stated,  they  are  as  follows:  Carbonic  acid  about  two-thirds  of  the 
whole  quantity  of  gas,  oxygen  rather  less  than  one-third,  nitrogen  below  one- 
tenth  (Huxley).  The  greater  quantity  of  the  oxygen  is  in  loose  chemical  com- 
bination with  the  hsemoglobin  of  the  blood-corpuscles,  but  some  part  is  simply 
absorbed,  just  as  it  would  be  by  water.  The  carbonic  acid  is  in  a  state  of  chemical 
combination  with  the  salts  of  the  serum,  especially  the  sodium,  with  which  it  is 
combined  partly  as  a  carbonate  and  partly  as  a  bicarbonate.  The  nitrogen  is 
unimportant.  It  (or  at  least  the  greater  part  of  it)  is  merely  absorbed  from  the 
atmosphere  under  the  pressure  to  which  the  blood  is  exposed,  and  can  therefore  be 
mechanically  removed. 

Blood-crystals. — Haemoglobin,  as  stated  above,  when  separated  from  the  blood- 
corpuscles,  readily  undergoes  crystallization.  These  crystals,  named  hcemoglobin 
crystals^  all  belong,  with  the  exception  of  those  obtained  from  the  squirrel,  to  the 
rhombic  system.     In  human  blood  they  are  elongated  prisms  (Fig.  4,  a).     In  the 
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Fig.  4.— Blood-crystals,    a.  Haemoglobin  crystals  from  human  blood,    b.  Haemin  crystals  from  blood  treated 
with  acetic  acid.    c.  Hsematoidin  crystals  from  an  old  apoplectic  clot. 

squirrel  they  are  hexagonal  plates.  Other  crystals  may  be  obtained  by  mixing 
dried  blood  with  an  equal  quantity  of  common  salt,  and  boiling  it  with  a  few  drops 
of  glacial  acetic  acid.  A  drop  of  the  mixture  placed  on  the  slide  will  show  the 
crystals  on  cooling.  These  are  named  hcemin  crystals,  and  consist  of  small  acic- 
ular  prisms  (Fig.  4,  b).  Occasionally  in  old  blood-clots  a  third  form  of  crystal  is 
found,  the  haematoidin  crystal  (Fig.  4,  c). 

LYMPH  AND  CHYLE. 

I^mph  is  a  transparent,  colorless,  or  slightly  yellow  fluid,  which  is  conveyed 
by  a  system  of  vessels,  named  lymphatics^  into  the  blood.  These  vessels  take  their 
rise  in  nearly  all  parts  of  the  body,  and  take  up  from  the  worn-out  tissues  that 
portion  which  is  still  available  for  purposes  of  nutrition,  and  return  it  into  the 
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veins  close  to  the  heart,  there  to  be  mixed  with  the  mass  of  the  blood.  The 
greater  number  of  these  lymphatics  empty  themselves  into  one  main  duct,  the 
thoracic  duct,  which  passes  along  the  front  of  the  spine  and  opens  into  one  of  the 
large  veins  at  the  root  of  the  neck.  The  remainder  empty  themselves  into  a 
smaller  duct,  which  terminates  in  the  corresponding  vein  on  the  opposite  side  of 
the  neck. 

Chyle  ia  an  opaque,  milky-white  fluid,  absorbed  by  the  villi  of  the  small 
intestines  from  the  food,  and  carried  by  a  set  of  vessels  similar  to  the  lymphatics, 
named  lactealt,  to  the  commencement  of  the  thoracic  duct,  where  it  is  intermingled 
with  the  lymph  and  poured  into  the  circulation  through  the  same  channels.  It 
must  be  borne  in  mind  that  these  two  sets  of  vessels,  lymphatics  and  lacteals, 
though  differing  in  name,  are  identical  in  structure,  and  that  the  character  of  the 
fluid  they  convey  is  different  only  while  digestion  is  going  on.  At  other  times  the 
lacteals  convey  a  transparent,  nearly  colorless  fluid  not  to  be  distinguished  from 
lymph.  Both  these  sets  of  vessels,  in  their  passage  to  the  central  duct,  pass 
through  certain  small  glandular  bodies,  termed  lymphatic  glands,  where  their 
contents  undergo  elaboration. 

Lymph,  as  its  name  implies,  is  a  watery  fluid.  It  closely  resembles  the  liquor 
sanguinis,  and  contains  about  5  per  cent,  of  albumen  and  1  per  cent,  of  salts. 
When  examined  under  the  microscope,  it  is  found  to  consist  of  a  clear  colorless 
fluid,  in  which  are  floating  a  number  of  corpuscles,  lymph-corpuacles.  These 
bodies  are  identical  in  structure,  and  not  to  be  distinguished  from  the  white  blood- 
corpuscles  previously  described.  They  vary  in  nun^er  in  different  parts  of  the 
lymphatic  vessels,  and  indeed  are  said  by  Kolliker  to  be  absent  in  the  smaller 
ones.  They  are  always  increased  in  number  after  the  passage  of  the  lymph 
through  a  lymphatic  gland,  and  are  said  to  be  increased  in  size  as  the  fluid 
ascends  higher  in  the  course  of  the  circulation. 

Chyle  is  a  milk-white  fluid,  which  exactly  resembles  lymph  in  its  physical  and 
chemical  properties,  except  that  it  has,  in  addition  to  the  other  constituents  of 
lymph,  an  enormous  amount  of  fatty  grannies,  "  the  molecular  basis  of  chyle,"  and 
it  is  to  the  presence  of  these  molecules  that  chyle  owes  its  milky  color.  Under 
the  microscope  it  presents  a  number  of  corpuscles,  named  "chyle-corpuscles," 
which  are  indistinguishable  from  lymph-corpuscics  or  white  blood-cells,  and  the 
molecular  basis,  consisting  principally  of  fatty  granules  of  extreme  minuteness 
(Fig.  5,  a),  but  also  of  a  few  small  oil-globules.  Lymph  and  chyle  after  their  pas- 
sage through  their  respective  glands,  if  withdrawn 
(J^  from  the  body  and  allowed  to  stand,  separate  more 

^     /^    ®  A  or  less  completely  into  a  clear  liquid,  which  is 

rt*  (Sfe  ®  **  identical  with  the  serum  of  the  blood,  and  a  thin 

"*  «p  ^T^  ^9  Q  jelly-like  clot,  consisting  of  a  fibrillated  matrix  in 
which  Ivmph -corpuscles  or  chyle- corpuscles  and 
fattv  molecules,  as  the  case  may  be,  are  entangled. 
If  the  contents  of  the  thoracic  duct  are  exam- 
ined, especially  after  a  meal,  there  may  be  found 
in  it  corpuscles  with  a  reddish  lingc.  These  are 
regarded  as  ivimature  red  corpuscles,  or  lymph- 
and  chyle-corpuscles  in  process  of  transformalion 
into  blood-globules.  They  frequently  give  to  the 
Fto.  5.— Chyle  ftom  the  lacwaiE.  surface  of  clotted  chyle  and  lymph  a  pinkish  hue. 

They  must  not  be  mistaken  for  mature  blood-glob- 
ules, which  are  sometimes  found  in  lym])h  and  chyle,  and  which  are  regarded  by 
most  observers  as  accidental — i.  e.  produced  by  the  manipulations  of  the  dissector. 

THE  AMIMAL  CELL. 

All  the  tissues  and  organs  of  which  the  body  is  composed  were  originally 
developed  from  a  microscopic  body  (the  ovum),  consisting  of  a  soft  gelatinous 
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granular  material  enclosed  in  a  membrane,  and  containing  a  vesicle,  or  small 
spherical  body,  inside  which  are  one  or  more  solid  spots  (see  Fig.  73).  This  may 
be  regarded  as  a  perfect  cell.  Moreover,  all  the  solid  tissues  can  be  shown  to  con- 
sist largely  of  similar  bodies,  differing,  it  is  true,  in  external  form,  but  essentially 
similar  to  an  ovum.     These  are  also  cells. 

In  the  higher  organisms  all  such  cells  may  be  defined  as  ^'  nucleated  masses  of 
protoplasm  of  microscopic  size."  The  two  essentials,  therefore,  of  an  animal  cell 
in  the  higher  organisms  are,  the  presence  of  a  soft  gelatinous  granular  material, 
similar  to  that  found  in  the  ovum,  and  which  is  usually  styled  protoplaam ;  and  a 
small  spherical  body  imbedded  in  it,  and  termed  a  nucleus;^  the  remaining  con- 
stituents of  the  ovum — viz.  its  limiting  membrane  and  the  solid  spot  contained  in 
the  nucleus,  called  the  nucleolus — are  not  considered  essential  to  the  cell,  and  in 
fact  many  cells  exist  without  them. 

Fltytoplasm  {sarcode^  blastema^  germinal  matter^  or  bioplasm)  is  a  proteid  com- 
pound, consisting  largely  of  muco-globulin.  It  also  contains  certain  inorganic 
substances,  as  phosphorus  and  calcium,  which  latter  appears  to  be  essential  to  its 
life  and  function.  It  is  of  a  semi-fluid,  viscid  consistence,  and  appears,  sometimes, 
either  as  a  hyaline  substance,  homogeneous  and  clear,  or  as  a  granular  substance, 
consisting  of  minute  molecules  imbedded  in  a  transparent  matrix.  These  mole- 
cules are  regarded  by  some  as  adventitious  material  taken  in  from  without,  and 
often  probably  of  a  fatty  nature,  since  they  are  frequently  soluble  in  ether.  In 
most  cells^  however,  protoplasm  shows  a  more  definite  structure,  consisting  of 
minute  striae  or  fibrils  arranged  in  a  clear  transparent  matrix,  or  a  honeycombed 
reticulum  containing  in  its  interstices  a  homogeneous  substance.  Protoplasm  is 
insoluble  in  water,  coagulates  at  130°  F.,  and  has  a  great  aflSnity  for  certain 
staining  reagents,  as  logwood  or  carmine. 

The  most  striking  characteristics  of  protoplasm  are  its  vital  properties  of 
motion  and  nutrition.  By  motion  is  meant  the  power  which  protoplasm  has  of 
changing  its  shape  and  position  by  some  internal  power  in  itself,  which  enables  it 
to  thrust  out  from  its  main  body  an  irregular  process,  into  which  the  whole  of  the 
protoplasmic  substance  is  gradually  drawn,  so  that  the  mass  comes  to  occupy  a 
new  position.  This,  on  account  of  its  resemblance  to  the  movements  observed  in 
the  Amoeba  or  Proteus  animalcule,  has  been  termed  "amoeboid  movement." 
Ciliary  movement,  or  the  vibration  of  hair-like  processes  from  the  surface  of  any 
structure,  may  also  be  regarded  as  a  variety  of  the  motion  with  which  protoplasm 
is  endowed.  Nutrition  is  the  power  which  protoplasm  has  of  attracting  to  itself 
the  materials  of  growth  from  surrounding  matter.  When  any  foreign  particle 
comes  in  contact  with  the  protoplasmic  substance,  it  becomes  incorporated  in  it 
by  being  enwrapped  by  one  or  more  processes  projected  from  the  parent  mass 
and  enclosed  by  them.  When  thus  taken  up,  it  may  remain  in  the  substance  of 
the  protoplasm  for  some  time  without  change,  and  finally  may  be  extruded 
again. 

The  Nucleus  is  a  minute  body,  imbedded  in  the  protoplasm,  and  usually  of  a 
spherical  or  oval  form,  its  size  having  little  relation  to  the  size  of  the  cell.  It  is 
usually  surrounded  by  a  well-defined  wall,  the  nuclear  membrane^  and  is  regarded 
as  a  portion  of  the  protoplasmic  substance,  set  apart  for  the  purposes  of  repro- 
duction. The  nuclear  contents,  known  as  the  nuclear  substance,  is  composed  of  a 
stroma  or  network  and  an  interstitial  substance,  the  relative  amount  of  the  two 
varying  in  different  nuclei.  In  the  adult  nuclei,  and  especially  in  those  about  to 
divide,  the  network  is  exceedingly  well  developed,  whilst  in  the  young  nuclei  it  is 
but  ill-formed,  and  is  represented  only  by  short  bands  or  fibrils  connecting  irreg- 
ular masses.  In  adult  and  in  resting  nuclei  the  fibres  of  the  nuclear  network 
stain  very  readily  with  certain  dyes ;  they  are  therefore  named  Chromatin ;  while 
the  interstitial  substance  does  not  stain  readily,  and  is  hence  called  Achromatin. 
The  nuclear  substance  differs  chemically  from  ordinary  protoplasm  in  containing 

'  In  certain  lower  forms  of  life  masses  of  protoplasm  without  anj  nucleus  have  been  described 
br  Hnxlev  and  others  as  cells. 
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nuclein,  in  its  power  of  resisting  the  action  of  acids  and  alkalies,  in  its  imbibing 
more  intensely  the  stain  of  carmine,  bsematoxylin,  etc.,  and  in  its  remaining 
unstained  by  some  reagents  which  color  ordinary  protoplasm ;  as,  for  example, 
nitrate  of  silver. 

The  process  of  reproduction  of  cells  commences  in  the  nucleus,  and  is  usually 
describeu  as  being  brought  about  by  indirect  or  by  direct  division.     Indirect  divition. 


ynklneEis,  or  Indirect  rell-dlvlslnii.  DlBEmm  explslnlDE  the  rormatlon  of  the  cbromitir  and 
>kineUc  flgures  in  eplthollni  cells  and  ihe  way  In  wblrh  the  prickles  of  prlrkle  cells  are 
Llatlns  ariangemept  of  protoplasmic  eniDuleii  Is  also  iaOicated.  altlioueh  It  Is  in  llie  ova  ot 
..  .u..  .... ....  t speelaily  studied.    All  the  (iKiires  are  slmpllfled  Ibr 


The  polar  ends  of  the  loops 


iDipoiiance. 
Kpresentod  In  the  diagram,    a.  Retting  nucleus.  Ihe  nuclear  network  decpl; 
o.  Daugliier  glomeruli  or  skeins,    h.  Daughter  nuclei.    |By  Dr.  S.  Del^pli 

or  karyohinesisikaryomitosis),  has  been  observed  in  all  the  tissues — generative  cells, 
epithelial  tissue,  connective  tissue,  muscular  tissue,  and  nerve  tissue — and  it  may 
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be  that  it  will  hereaflier  be  shown  that  the  division  of  cells  always  takes  place  ;n 
this  way,  and  that  the  process  of  reproduction  of  cells  by  direct  division  is,  as  is 
believed  by  some  observers,  merely  a  sort  of  imperfect  or  abnormal  karyokinesis. 

The  process  of  reproduction  by  indirect  division  commences  in  the  nucleus,  the 
stroma  of  which  undergoes  complex  changes,  leading  to  the  division  of  this  body 
previous  to  the  cleavage  of  the  protoplasm  of  the  cell.  The  changes  consist 
briefly  of  the  following:  (1)  At  the  commencement  of  the  process  the  nuclear 
network  is  well  developed,  but  shows  only  slight  indications  of  activity.  (2)  The 
chromatic  fibrils  forming  the  nuclear  network,  after  rearranging  themselves, 
become  thicker,  and  probably  combined  in  one  long  filament,  which  forms  a  loose 
convolution.  This  is  called  the  glomeruluB  or  skein  (Fig.  6,  b).  At  the  same  time 
a  number  of  protoplasmic  granules  arrange  themselves  at  two  points  in  the  cell- 
protoplasm  opposite  each  other ;  these  points  are  called  the  poles^  and  the  line 
midway  between  them,  and  bisecting  at  right  angles  a  line  connecting  the  two,  is 
called  the  equator.  (3)  The  filament  becomes  arranged  in  more  or  less  distinct 
loops  converging  toward  the  two  poles,  resembling  somewhat  in  appearance  a 
rosette  or  wreath  (Fig.  6,  c).  From  the  poles  to  the  loops,  fine  threads,  not  stain- 
ing like  the  other  (achromatic),  are  seen  bridging  across  the  space  left  between  the 
filament  and  the  cell-protoplasm.  These  are  known  as  the  nuclear  spindle,  (4)  The 
loops  now  become  flattened  so  as  to  form  a  festooned  ring  or  star  at  the  equator 
of  the  nucleus.  This  is  known  as  the  sin^gle  star,  aster^  monaster.  The  loops 
begin  to  break  transversely  at  the  equator  (Fig.  6,  d*),  having  sometimes 
previously  broken  at  their  polar  ends.  The  nuclear  spindle  or  achromatin  is  very 
distinct,  as  well  as  a  radiating  arrangement  of  protoplasmic  granules  toward  the 
poles.  It  is  at  this  stage,  or  sometimes  after,  that  a  longitudinal  splitting  of  the 
filaments  occurs,  so  that  they  become  more  numerous  and  more  slender.  (6)  After 
breaking  across  at  the  equator,  the  chromatic  filaments  move  toward  the  poles  as  if 
they  were  guided  by  the  achromatic  threads.  These  threads  bridge  across  between 
the  two  receding  stars,  which  are  known  as  diaster  or  daughter  stars.  The  pro- 
toplasm, with  its  radiating  granules,  begins  to  group  itself  around  the  two  poles 
(Fig.  6,  e).  (6)  The  daughter  stars  have  now  reached  the  poles ;  the  broken  ends 
become  united,  so  that  each  daughter  chromatic  filament  becomes  a  single  festooned 
filament,  forming  a  rosette  or  wreath,  the  daughter  rosettes  or  wreaths.  There 
is  now  distinct  evidence  of  cleavage  in  the  protoplasm  (Fig.  6,  f).  (7)  By  further 
irregular  contraction  the  regular  arrangement  of  the  loops  becomes  lost,  and  the 
filament  presents  a  convoluted  appearance,  constituting  the  daughter  glomeruli  or 
skeins  (Fig.  6,  g).  The  cleavage  of  the  protoplasm  is  now  complete  except  where 
the  achromatic  threads  are  found.  (8)  By  further  convolution  and  contraction 
the  loops  of  the  filament  become  fused  together,  and  form  again  a  network.  The 
protoplasm  is  now  again  in  contact  with  the  nuclear  network,  which  serves  to  form 
a  wall  around  the  nuclei,  and  two  daughter  cells  with  nuclei  are  formed  (Fig.  6,  h). 
The  remains  of  the  achromatic  threads  bridge  across  the  intercellular  substance, 
constituting  the  prickles  of  prickle  cells. 

In  the  reproduction  of  cells  by  direct  division  the  process  is  brought  about 
either  by  segmentation  or  by  gemmation.  In  reproduction  by  segmentation  or 
fisstan  the  nucleus  first  splits  by  becoming  constricted  in  its  centre,  and  thus 
assuming  an  hour-glass  shape.  This  leads  to  a  cleavage  or  division  of  the  whole 
protoplasmic  mass  of  the  cell ;  and  thus  we  find  that  two  new  cells  have  been 
formed,  consisting  of  the  same  substance  as  the  original  one,  and  each  containing 
a  nucleus.  These  daughter  cells  are  of  course  at  first  smaller  than  the  original 
mother  cell ;  but  they  grow,  and  the  process  may  be  repeated  in  them,  so  that 
multiplication  may  rapidly  take  place.  In  reproduction  hy  gemmation  a  budding- 
off  or  separation  of  a  portion  of  the  nucleus  and  parent-cell  takes  place,  and, 
becoming  separated,  forms  a  new  organism. 

The  cell-wall,  which  is  not  an  essential  constituent,  and  in  fact  is  often  absent, 
consists  of  a  flexible,  transparent,  structureless  or  finely  striated  membrane,  which 
is  permeable  to  fluids.     As  far  as  is  known,  every  animal  cell  is  derived  from  a 
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pre-existing  cell.  The  death  of  cells  is  accomplished  either  by  their  mechanical 
detachment  from  the  surface,  preceded  possibly  by  their  bursting  and  discharg- 
ing their  contents,  or  by  various  forms  of  degeneration — fatty,  pigmentary,  or 
calcareous. 

EPITHELinM. 

All  the  surfaces  of  the  body — the  external  surface  of  the  skin,  the  internal 
surface  of  the  digestive,  respiratory,  and  genito-urinary  tracts,  the  closed  serous 
cavities,  the  inner  coat  of  the  vessels,  and  the  ducts  of  all  secreting  and  excreting 
glands — are  covered  by  one  or  more  layers  of  simple  cells,  called  epithelium  or 
epithelial  cells.  These  cells  are  also  present  in  the  sensory  and  terminal  parts  of 
tne  organs  of  special  sense,  and  in  some  other  organs,  as  the  pituitary  and  thyroid 
bodies.  They  serve  various  purposes,  forming  in  some  cases  a  protective  layer,  in 
others  acting  as  an  agent  in  secretion  and  excretion,  and  again  in  others  being 
concerned  in  the  elaboration  of  the  organs  of  special  sense.  Thus,  in  the  skin, 
the  main  purpose  served  by  the  epithelium  (here  called  the  epidermis)  is  that  of 
protection.  As  the  surface  is  worn  away  by  the  agency  of  friction  or  change  of 
temperature  new  cells  are  supplied,  and  thus  the  surface  of  the  true  skin  and  the 
vessels  and  nerves  which  it  contains  are  defended  from  damage.  In  the  gastro- 
intestinal mucous  membrane  and  in  the  glands  the  epithelial  cells  appear  to  be 
the  principal  agents  in  separating  the  secretion  from  the  blood  or  from  the  aliment- 
ary fluids.  In  other  situations  (as  the  nose,  fauces,  and  respiratory  passages)  the 
chief  office  of  the  epithelial  cells  appears  to  be  to  maintain  an  equable  tempera- 
ture by  the  moisture  with  which  they  keep  the  surface  always  slightlv  lubricated. 
In  the  serous  cavities  they  also  keep  the  opposed  layers  moist,  and  thus  facilitate 
their  movements  on  each  other.  Finally,  in  all  internal  parts  they  ensure  a 
perfectly  smooth  surface. 

Of  late  years  there  has  been  a  tendency  on  the  part  of  many  histologists  to 
divide  these  several  epithelial  linings  into  two  classes :  into  (1)  epithelial  tissue 
proper,  consisting  of  nucleated  protoplasmic  cells,  which  form  continuous  masses 
on  the  skin  and  mucous  surfaces  and  the  linings  of  the  ducts  and  alveoli  of 
secreting  and  excreting  glands ;  and  (2)  endothelium,  which  is  composed  of  a  single 
layer  of  flattened  transparent  squamous  cells,  joined  edge  to  edge  in  such  a  man- 
ner as  to  form  a  membrane  of  cells.  This  is  found  on  the  free  surfaces  of  the 
serous  membranes,  as  the  lining  membrane  of  the  heart,  blood-vessels,  and  lym- 
phatics ;  on  the  surface  of  the  brain  and  spinal  cord,  and  in  the  anterior  chamber 
of  the  eye.  And,  though  the  separation  must  be  an  artificial  one,  since  every 
gradation  of  transition  between  the  two  classes  may  be  observed,  it  would  seem 
advisable  for  the  purpose  of  description  to  employ  it. 

1.  True  epithelial  tissue  consists  of  one  or  more  layers  of  cells,  united  together 


Fig.  7.— Epithelial  cells  from  the  oral  cavity  of  man. 
c.  The  same  with  two  nuclei. 


Magnified  350  times,     a.  Large,     b.  Middle-sized. 


by  an  interstitial  cement-substance,   supported  on  a  basement-membrane,  and  is 
naturally  grouped  into  two  classes,  according  as  there  is  a  single  layer  of  cells  {simple 
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epithelium)  or  more  than  one  ittratified  epithelium).  The  various  kinds  of 
epithelium,  whether  arranged  in  a  single  layer  or  in  more  than  one  layer,  are 
Dfinally  spoken  of  as  squamous  or  pavement,  columnar,  spheroidal  or  glandular, 
and  ciliated. 

The  pavement  epithelium  (Fig.  7)  is  composed  of  Sat  nucleated  scales  of  vari- 
ous shapes,  usually  polygonal,  and  varying  in  size.  These  cells  fit  together  by 
their  edges,  like  the  tiles  of  a  mosaic  pavement.  The  nucleus  is  generally  flat- 
tened, but  may  be  spheroidal.  The  flattening  depends  upon  the  thinness  of  the 
cell.  The  protoplasm  of  the  cell  presents  a  fine  reticulum  or  honeycombed  net- 
vork,  which  gives  to  the  cell  the  appearance  of  granulation.  This  kind  of  epi- 
thelium is  found  on  the  surface  of  the  skin  (epidermis)  and  on  mucous  surfaces 
which  are  subjected  to  friction.  The  nails,  the  hairs,  and  (in  animals)  the  boms 
are  a  variety  of  this  kind  of  epithelium. 

A  variety  of  squamous  epithelium  which  is  found  in  the  deeper  layers  of 
stratified  pavement-epithelium  has  been  termed  p^'cHe  cells.  These  cells  possess 
short  fine  fibrils  vfhich  pass  from  their  margins  to  those  of  neighboring  cells,  serv- 
ing to  connect  them  together.  They  were  first  probably  noticed  by  Max  Schultze 
and  Virchow,  and  it  was  believed  that  by  tbem  the  cells  were  dovetailed  together. 
Subsequently  this  was  shown  not  to  be  so  by  Dr.  Martyn,  who  pointed  out  that 
the  prickles  were  attached  to  each  other  by  their  apices ;  and  recently  Dr.  Del^- 
pine  has  stated  that  he  believes  the  prickles  of  prickle  cells  are  parts  of  fibrils 
forming  intemuclear  bundles  between  the  nuclei  of  the  cells  of  an  epithelium  in  a 
state  of  active  growth  (see  page  41,  and  Fig.  6). 

The  columnar  or  cylindrical  epithelium  (Fig.  8)  is  formed  of  cylindrical  or 
rod-ahaped  cells,  each  containing  a  nucleus,  and  set  together  so  as  to  form  a  com- 


plete membrane.  The  cells  have  a  prismatic  figure,  more  or  less  flattened  from 
matual  pressure,  and  are  set  upright  on  the  surface  on  which  they  are  supported. 
Their  protoplasm  is  always  more  or  less  longitudinally  striated,  and  they  contain 
a  nucleus  which  is  oval  in  shape  and  contains  an  intranuclear  network. 

This  form  of  epithelium  covers  the  mucous  membrane  of  nearly  the  whole 
gas tro- intestinal  tract  and  the  glands  of  that  part,  the  greater  part  of  the  urethra, 
the  vas  deferens,  the  prostate,  uowper's  glands,  Barthotini's  glands,  and  a  portion 
of  the  uterine  mucous  membrane. 

Goblet'  or  chalice-ceUa  are  a  modification  of  the  columnar  cell.  They  appear 
to  be  formed  by  an  alteration  in  shape  of  the  columnar  epithelium  (ciliated  or 
otherwise)  consequent  on  the  secretion  into  the  interior  of  the  cell  of  mucin,  the 
chief  organic  constituent  of  mucus,  which  distends  the  upper  part  of  the  cell. 
*hile  the  nucleus  is  pressed  down  toward  its  deep  part,  until  the  cell  bursts  and 
the  mucus  is  discharged  on  to  the  surface  of  the  mucous  membrane,  as  shown  in 
Fig.  9. 

The  spheroidal  or  glandular  epithelium  (Fig.  10)  is  composed  of  circular  or 
polyhedral  cells.  Like  other  forms  of  epithelial  cells,  the  protoplasm  is  a  fine 
reticulum,  which  gives  to  the  cell  the  appearance  of  granulation.  Thev  are  found 
in  the  terminal  recesses  of  secreting  glands,  and  the  protoplasm  of  the  cells' 
usually  contains  the  materials  which  the  cells  secrete. 

OSiated  epithelium  (Fig.  11)  may  be  of  any  of  the  preceding  forms,  but  usually 
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inclines  to  the  columnar  shape.     It  is  distinguished  by  the  presence  of  minute 

firocesses,  which  are  direct  prolongations  of  the  cell-protoplasm,  like  hairs  or  eye- 
ashes  (cilia)  standing  up  from  the  free  surface.  If  the  cells  are  examined  during 
life  or  immediately  on  removal  from  the  living  hody  (for  which  in  the  human  sub- 


Fia.  ID.-EpheroEdHi  epltheUum.     Mngnlflcd 


o[  Ihe  elastic  longtludliul  flbrei.   li.  HomogeDeoui 

Deepeal  rouod  ce_ —    

Supcraclal  cells,  bearing  clUa. 

ject  the  removal  of  a  nasal  polypus  offers  a  convenient  opportunity)  in  tepid  water, 
the  cilia  will  be  seen  in  lashing  motion ;  and  if  the  cells  are  separate,  they  will 
often  be  seen  to  be  moved  about  in  the  field  by  that  motion. 

The  situations  in  which  ciliated  epithelium  is  found  in  the  human  body  are : 
the  respiratory  tract  from  the  nose  downward,  the  tympanum  and  Eustachian  tube, 
the  Fallopian  tube  and  upper  portion  of  the  uterus,  the  vasa  efferentia,  coni  vas- 
culosi,  and  first  part  of  the  excretory  duet  of  the  testicle,  and  the  ventricles  of  the 
brain  and  central  canal  of  the  spinal  cord. 

Stratified  epltbeUnm  consists  of  several  layers  of  cells  superimposed  one  on  the 
top  of  the  other  and  varying  greatly  in  shape.  The  cells  of  the  deepest  layer  are 
for  the  most  part  columnar  in 
form,  and  as  a  rule  form  a  sin- 
gle layer,  placed  vertically  on 
the  supporting  membrane  ;  above 
these  are  several  layers  of  sphe- 
roidal cells,  which  as  they  ap- 
proach the  surface  become  more 
and  more  compressed,  until  the 
superficial  layers  are  found  to 
consist  of  flattened  scales,  the 
margins  of  which  overlap  one 
anotner,  so  as  to  present  an  im- 
bricated appearance.  Another 
form  of  stratified  epithelium  is 
fonnd  in  what  has  been  termed 
trantitional  epithelium,  such  as 
exists  in  the  ureters  and  urinary 
bladder.  Here  the  cells  of  the 
most  superficial  layer  are  cubical, 
with  depressions  on  their  under 
surfaces,  which  fit  on  to  the 
uuuiNi-imi  «;iis     r  ruui  jmnu  rouuded  cnds  of  the  cells  of  the 

/or  (AeJ^in'uitopicaJLaftortitorji.  Klein,)  sccond    layer,    which    are    pear- 

shaped,  the  apices  touching  the 
basemen t^m embrace.  Between  their  tapering  points  is  a  third  variety  of  cells, 
filling  in  the  intervals  between  them,  and  of  smaller  size  than  those  of  the  other 
two  layers. 
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2.  Endotlielliim. — As  before  stated,  endothelial  cells  are  flattened,  transparent, 
sqaamoos  cells,  attached  b;  their  margins  bj  a  semi-fluid  homogeneous  cement* 
substance,  so  as  to  form  a  continuous  endothelial  membraae.  Though  for  the  most 
part  these  cells  are  squamons,  in  some  places  cells  may  be  found,  either  isolated 
or  occurring  in  patches,  which  are  polyhedral  or  even  columnar.  These  latter 
cells  are  frequently  to  be  found  lining  the  stomata  of  serouB  membranes,  and  are 
supposed  to  be  endothelial  cells  in  an  active  state  of  division  (Fig.  12).  As  a 
rule,  the  endothelial  cells  are  polygonal  in  outline,  with  sinuous  or  jagged  margins, 
and  are  in  close  apposition,  the  amount  of  cohesive  matter  uniting  them  being  so 
slight  as  not  to  be  apparent.  Their  protoplasmic  substance  appears  to  be  gran- 
ular, hut  consists  of  fibrillge  arranged  in  a  network  in  which  the  nucleus  is  con- 
tained, limited  bj  a  membrane  and  having  a  well-developed  reticulum. 

CONNEOTXVE    TISSUES. 

By  the  term  consectiTB  tiSBiis  we  mean  a  number  of  tissues  which  possess  this 
feature  in  common — viz.  that  they  serve  the  general  purpose  in  the  animal  economy 
of  supporting  and  connecting  the  tissues  of  the  frame.  These  tissues  may  difier 
considerably  from  ea<:b  other  in  external  appearance,  but  they  present  neverthe- 
less many  points  of  relationship  with  each  other,  and  are  moreover  developed 
from  the  same  embryonal  elements.  They  are  divided  into  three  great  groups : 
(1)  the  fibrous  connective  tissues,  (2)  cartilage,  and  (3)  bone, 

Tha  Fibrona  ConnectiTe  Tisanes. — Three  principal  forms  or  varieties  of  fibrous 
connective  tissue  are  recognized :  (1)  White  fibrous  tissue ;  (2)  Yellow  elastic 
tissue ;  (3)  Areolar  tissue.  They  are  all  composed  of  a  matrix  in  which  cells  are 
imbedded,  and  between  the  cells  are  fibres  of  two  kinds,  the  white  and  yellow  or 
elastic.  The  difierence  between  the  three  forms  of  tissue  depends  on  the  relative 
proportion  of  the  two  kinds  of  fibre,  in  the  first  variety  enumerated  the  white  fibre 
preponderating;  in  the  second  variety  the  yell&w  elastic  fibres  being  greatly  in 
excess  of  the  white ;  and  the  third  form,  areolar  tissue,  the  two  being  blended  in 
much  more  equal  proportions. 

The  white  flIiTons  tissue  {Fig.  13)  is  a  true  connecting  structure,  and  serves 
three  purposes  in  the  animal  economy.  It  serves  to  bind  bones  together  in  the 
form  of  ligaments,  it  serves  to 
connect  muscles  to  bones  or 
other  structures  in  the  form  of 
tendons,  and  it  forms  an  invests 
ing  or  protecting  structure  to 
various  organs  in  the  form  of 
membranes.  Examples  of 
where  it  serves  this  latter  office 
are  to  be  found  in  the  muscular 
fitscise  or  sheaths,  the  perios- 
teum, and  perichondrium ;  the 
investments     of     the    various 

glands,    (such    as    the   tunica  fiq.  is.— whi(«  abroiie  tissue,  uieb  power. 

albuginea  testis,  the  capsule  of 

the  kidney,  etc.),  the  investing  sheath  of  the  nerves  (epineurium),  and  of  various 
organs,  as  the  penis  and  the  eye  (sheath  of  the  corpora  cavernosa  and  corpus 
spongiosum,  and  of  the  sclerotic).  But  in  all  these  parts  the  student  must  bear  in 
mina  that  the  elastic  tissue  enters  in  greater  or  less  proportion.  It  presents  to 
the  naked  eye  the  appearance  of  silvery-white  glistening  fibres,  covered  over  with 
a  quantity  of  loose,  flocculent  tissue  which  binds  the  fibres  together  and  carries 
ihe  blood-vessels.  It  is  not  possessed  of  any  elasticity,  and  only  the  very 
slightest  extensibility ;  it  is  exceedingly  strong,  so  that  upon  the  application  of 
any  external  violence  the  bone  with  which  it  is  connected  will  fracture  before  the 
fibrous  tissue  will  give  way.     When  examined  under  the  microscope  it  is  found  to 
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consist  of  vaving  bands  or  bundles  of  minute,  transparent,  homogeneous  filaments 
or  fibrillse,  held  together  by  an  albuminous  semi-fluid  cement-substance  (Fig.  14). 
In  ligaments  and  tendons  these  bundles  run  parallel  with  each  other;  in  mem- 
branes they  intersect  one  another  in  different  places.  The.  bundles  have  a 
tendency  to  split  up  longitudinally  or  send  off  slips  to  join  other  bundles  and 
receive  others  in  return.     The  cells  occurring  in  white  fibrous  tissue  are  often 


Fw.  14.-Conne«lve  tissue.  (Klein  and 
Noble  Smith.)  a.  The  u-hll«  flbrous  element— 
alajrerof  moreor  leja  gharpl^^^jnllined.paral- 


.,  wasy  bundles  of  oonneetivc-1 

iihesuTCBce  of  tbla  layer  Isb,  a  network  of  Fia.  IS.— Tendon  of  mouse's    tnlL  stained 

le  elaatlc  flbtes.  with  loewood,  Bhowfnathalniof  cellsbelween 


._.  as  .     ._  

E.  A.  Schafer.) 
called  "tendon  cells."  They  are  situated  on  the  surface  of  groups  of  bundles 
and  are  quadrangular  in  shape,  arranged  in  rows  in  single  file,  each  cell  being 
separated  from  its  neighbors  by  a  narrow  line  of  cement-sub  stance.  The  nucleus 
is  generally  situated  at  one  end  of  the  cell,  the  nucleus  of  the  adjoining  cell  being 
in  close  proximity  to  it  (Fig.  15).  Upon  the  addition  of  acetic  acid  to  white 
fibrous  tissue  it  swells  up  into  a  glassy-looking,  indistinguishable  mass.  When 
boiled  in  water  it  is  converted  almost  completely  into  gelatin. 

Yellow  Elastic  Tissue. — In  certain  parts  of  the  body  a  tissue  is  found  which 
when  viewed  in  mass  is  of  a  yellowish  color,  and  is  possessed  of  great  elasticity,  so 
that  it  is  capable  of  considerable  extension,  and  when  the  extending  force  is  with- 
drawn returns  at  once  to  its  original  condition.  This  is  yellow  elastic  tissue,  in 
which  the  elastic  fibres  greatly  preponderate,  to  the  almost  complete  exclusion  of 
the  white  fibrous  element.  It  is  found  in  this  condition  in  the  ligamenta  subSava, 
in  the  vocal  cords,  in  the  longitudinal  coat  of  the  trachea  and  bronchi,  in  the 
inner  coats  of  the  blood-vessels,  especially  the  larger  arteries,  and  to  a  very  con- 
siderable extent  in  the  thyro-hyoid,  crico- thyroid,  and  stylo-hyoid  ligaments.  It 
is  also  found  in  the  Ikamcntum  nucbie  of  the  lower  animals.  When  viewed 
under  the  microscope  (Fig.  16)  it  is  seen  to  consist  of  an  aggregation  of  curling 
fibres,  with  a  well-defined  outline.  They  are  considerably  larger  in  size  than  the 
fibrillse  of  the  white  fibrous  element,  and  vary  much,  being  from  the  ^ilna  *o  ^^ 
Tglg-j  of  an  inch  in  diameter.  The  fibres  form  bold  and  wide  curves,  branch  and 
freely  anastomose  with  each  other.  They  are  homogeneous  in  appearance,  and 
have  a  tendency  to  curl  up,  especially  at  their  broken  ends.  In  some  parts,  where 
the  fibres  are  broad  and  large  and  the  network  close,  the  tissue  presents  the 
appearance  of  a  membrane,  with  saps  or  perforations  corresponding  to  the  inter- 
vening space.  This  is  to  be  found  in  the  inner  coat  of  the  arteries,  and  to  it  the 
name  of  fenestrated  membrane  has  been  given  by  Henle.  The  yellow  elastic  fibres 
remain  unaltered  by  acetic  acid. 
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AraoUr  tisane  is  so  called  because  its  mesbes  are  eaailj  distended,  and  thus 
separated  into  areolie  or  spaces,  which  aJl  open  freely  into  each  other,  and  are 
consequently  easily  blown  up  with  air, 
or  permeated  by  fluid  when  injected 
into  anv  part  of  the  tissue.  Such 
spaces,  however,  do  not  exist  in  the 
ziatural  condition  of  the  body,  but  the 
whole  tissue  forms  one  uabroKeu  mem- 
brane composed  of  a  number  of  inter- 
lacing fibres,  variously  superimposed. 
Hence  the  term  "the  cellular  mem- 
brane "  is  in  many  parts  of  the  body 
more  appropriate  than  its  more  modern 
equivalent.  The  chief  use  of  the  are- 
olar tissue  is  to  bind  parts  together, 
while  by  the  laxity  of  its  fibres  and 
the  permeability  of  its  areolie  it  allows 
them  to  move  on  each  other,  and 
afTords  a  ready  exit  for  inflammatory 
and  other  eifused  fluids.  It  is  one  of 
the  most  extensively  distributed  of  all 
the  tissues  in  the  body.  It  is  found 
beneath  the  skin  in  a  continuous  layer 
all  over  the  body,  connecting  it  to  the 
subjacent  parts.  In  the  same  way  it 
is  situated  beneath  the  mucous  and 
serous  membranes.  It  is  also  found 
between  muscles,  vessels,  and  nerves, 
forming  investing  sheaths  for  them, 
and  connecting  them  with  surrounding 
structures.     In  addition  to  this,  it  is 

found  in  the  interior  of  organs,  binding  •''Q-  is— Yellow  elastic  Umie.  High  power, 

together  the  various  lobes  and  lobules 

of  the  compound  glands,  the  various  coats  of  the  hollow  viscera,  and  the  fibres  of 
muscles,  etc.,  and  thus  forms  one  of  the  most,  important  connecting  media  of  the 
various  stmctures  or  organs  of  which  the  body  ia  made  up.  In  many  parts  the 
areobe  or  interspaces  of  areolar  tissue  are  occupied  by  fat-cells,  constituting  adi- 
fxite  tissue,  which  will  presently  be  described. 

Areolar  tissue  presents  to  the  naked  eye  a  flocculent  appearance,  somewhat 
like  spun  silk.  When  stretched  out,  it  is  seen  to  consist  of  delicate  soft  elastic 
threads  interlacing  with  each  other  in 
every  direction  and  forming  a  network 
of  eztrenie  delicacy.  When  examined 
under  the  microscope  it  is  found  to  be 
composefl  of  white  fibres  and  elastic 
fibres  intercrossing  in  all  directions, 
and  united  together  by  a  homogeneous 
cement  or  ground-substance,  and  filled 
by  cellular  elements,  which  contain  the 
protoplasm  out  of  which  the  whole  is 
developed  and  regenerated. 

These  cell-spaces  may  be  brought 

,        .   •^    ..  j.<y     ^-  ■ii        olhcr  two  are  Uie 

into  new  by  treatmg  the  tissue  with     obiong  nucieua. 

nitrate  of  silver,  and   exposing  it  to 

the  tight.     This  will  color  the  fibres  and  ground-substance,  leaving  the  cell-spaces 

unstained. 

The  cells  of  areolar  tissue  (Fig.  17)  are  of  two  kinds:  1,  flattened  transparent 


48  GENERAL   ANATOMY. 

cells,  with  an  oblong  nucleus  and  more  or  less  branched,  and  often  united  together 
by  thin-branched  processes ;  and  2,  granular  cells,  some  of  which  are  of  the  size 
of  white  blood-corpuscles,  and  like  them  possessed  of  amoeboid  movements ;  others 
are  of  larger  size,  and  do  not  exhibit  amoeboid  movements  to  any  appreciable 
extent.  They  lie  imbedded  in  the  ground-substance,  and  in  some  situations, 
where  the  areolar  tissue  is  loose  and  the  spaces  large,  so  as  to  contain  several  cells, 
they  form  a  sort  of  lining  for  it.  In  other  situations  where  the  tissue  forms  a 
membranous  layer,  the  flattened  cells,  here  unbranched,  form  an  epithelial-like 
covering  to  its  surface. 

Vessels  and  Nerves  of  Connectiye  Tissue. — The  blood-vessels  of  connective  tissue 
are  very  few — that  is  to  say,  there  are  few  actually  destined  for  the  tissue  itself, 
although  many  vessels  may  permeate  one  of  its  forms,  the  areolar  tissue,  carrying 
blood  to  other  structures.  In  white  fibrous  tissue  the  blood-vessels  usually  run 
parallel  to  the  longitudinal  bundles  and  between  them,  sending  transverse  com- 
municating branches  across,  and  in  some  forms,  as  the  periosteum  and  dura  mater, 
being  fairly  numerous.  In  the  yellow  elastic  tissue  the  blood-vessels  also  run 
between  the  fibres,  and  do  not  penetrate  them.  Lymphatic  vessels  are  very  numer- 
ous in  most  forms  of  connective  tissue,  especially  in  the  areolar  tissue  beneath  the 
skin  and  the  mucous  and  the  serous  surfaces.  They  are  also  found  in  abundance 
in  the  sheaths  of  tendons,  as  well  as  in  the  tendons  themselves.  Nerves  are  to 
be  found  in  the  white  fibrous  tissue,  where  they  terminate  in  a  special  manner ; 
but  it  is  doubtful  whether  any  nerves  terminate  in  areolar  tissue ;  at  all  events, 
they  have  not  yet  been  demonstrated,  and  the  tissue  is  possessed  of  very  little 
sensibility. 

Development  of  Oonneddve  Tissue. — Fibrous  connective  tissue  is  developed  from 
embryonic  connective-tissue  cells  derived  from  the  mesoblast.  At  an  early  period 
of  development  it  consists  of  nucleated  cells  and  a  muco-albuminous  fluid,  which 
subsequently  becomes  a  pellucid  jellv  and  forms  the  ground-substance.  In  this 
ground-substance  the  two  varieties  of  fibres  become  developed.  As  to  the  manner 
in  which  they  do  so  there  are  two  theories,  some  believing  that  they  are  developed 
from  the  protoplasm  of  the  cells,  others  that  they  are  formed  by  a  deposit  in  the 
ground-substance.  In  the  former  case  the  protoplasm  of  the  cells  is  converted 
wholly  into  elementary  fibres,  the  nucleus  disappearing;  or  else  the  peripheral 
part  of  the  protoplasm  produces  the  fibrous  tissue,  the  original  cell  growing  again 
to  its  original  size,  and  then  throwing  off  a  fresh  portion  to  form  a  new  cell,  and 
itself  persisting  in  contact  with  the  fibres  it  has  formed  as  a  permanent  connective- 
tissue  corpuscle. 

Yellow  elastic  fibres  are  said  by  some  to  be  formed  by  the  processes  of  stellate 
embryonal  cells,  which,  joining  with  processes  of  other  cells,  form  the  elastic  fibres. 

Three  special  forms  of  connective  tissue  must  be  described :  the  mucoid,  the 
lymphoid  or  retiform,  and  basement-membranes. 

1.  The  mucoid  or  gelatinous  connective  tissue  exists  chiefly  in  the  "jelly  of 
Wharton,"  which  forms  the  bulk  of  the  umbilical  cord,  but  is  also  found  in  some 
other  situations  in  the  foetus,  as  in  the  pulp  of  young  teeth,  and  in  certain  stages 
of  the  development  of  connective  tissue  in  various  regions.  In  the  adult  the  vit- 
reous humor  of  the  eye  is  formed  of  the  same  material.  This  tissue  consists  of 
nucleated  cells,  which  branch  and  become  connected  so  as  to  form  trabeculse,  in 
which  is  contained  a  jelly-like  substance,  containing  the  chemical  principle  of 
mucus,  or  mucin,  and  in  smaller  quantities  albumen,  but  no  gelatin.  Sometimes, 
as  in  the  vitreous  humor  of  the  eye,  the  cells  disappear  and  the  jelly  only 
remains. 

2.  Betiform  connective  tissue  (Fig.  18)  is  found  extensively  in  many  parts  of 
the  body,  forming  the  framework  of  some  organs  and  entering  into  the  construc- 
tion of  many  mucous  membranes.  It  is  formed  of  an  interlacement  or  network 
of  very  fine  fibres,  which  closely  resemble  white  fibrous  tissue,  and  in  certain  sit- 
uations may  be  demonstrated  to  be  continuous  with  it.  In  many  places  flattened 
cells  may  be  seen  connected  with  the  fibres  and  partially  concealing  them,  pre- 
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senting  an  appearance  as  if  the  tissue  were  formed  of  a  network  of  branching 
and  anastomosing  cells.     This,  however,  is  not  so,  as  the  cells  can  be  removed  or 
bruahed  away,  leaving  the  fibres  intact.     In  many  situations  the  interstices  of  the 
fibres  are  filled  with  rounded  granular  corpuscles,  and  the  tissue  is  then  termed 
Irmplioid  or  adenoid  tiasue.    The  neuroglia, 
or  fine  gelatinous  connective  tissue  which 
snpports    the    nervous    elements    in   the 
cerebro-spinal  axis  and  in  the  retina,  is 
regarded  a»  a  modified  form  of  the  reti- 
funu  connective  tissue. 

3.  Basement-membranes,  formerly  de- 
scribed as  homogeneous  membranes,  are 
really  a  form  of  connective  tissue.  They 
constitute  the  supporting  membrane,  or 
[iiembr»na  propria,  supporting  the  epithe- 
lium of  mucous  membranes  or  secreting 
glands,  and  in  other  situations.  By  means 
of  staining  with  nitrate  of  silver  they  may 
be  shown  to  consist  of  flattened  cells  in 
close  apposition,  and   form   therefore  an 

example  of  an  epithelioid  arrangement  of  p.q.  ia_Reiiform  connective  iinue.  from  . 

connective- tissue  cells.     In  some  situations     l^L'!?"*J5'*?Si.°'??f  i"'  '^? '?!!;P'',-^^S"?*'*f 

,  ,,         .  1       1.        .1       -  I  1      .         Bra  removed.    [.Finia  KXein  s  ElementtoJ  Hittoiogti.) 

Ihe   cells,    instead    of    adhering    by    their      a.  The  reticulum,   c  a  capillar;  blood-veuel. 
edges,  give  off  branching  processes,  which 

join  with  similar  processes  of  other  cells,  and  ao  form  a  network  rather  than  a 
continuous  membrane. 

Adipose  Tissue. — In  almost  all  parte  of  the  body  the  ordinary  areolar  tissue 
contains  a  variable  quantity  of  adipose  or  fatty  tissue.  The  principal  situations 
where  it  is  not  found  are  the  subcutaneous  tissue  of  the  eyelids,  the  penis  and 
scrotum,  the  nymphfe,  within  the  cavity  of  the  cranium,  and  in  the  lungs, 
except  near  the  roots.  Nevertheless,  its  distribution  is  not  uniform,  in  some  parts 
being  collected  in  great  abundance,  as  in  the  subcutaneous  tissue,  especially  of  the 
abdomen ;  around  the  kidneys ;  on  the  surface  of  the  heart  between  the  furrows ; 
and  in  some  other  situations.     Lastly,  fat  enters  largely  into  the  formation  of  the 


Via.  Id.— Adipose  tinue.    High  power,     a,  SlarUke  appearance,  from  crystalUzatlon  of  fettyoddi. 


marrow  of  bones.  A  distinction  must,  however,  be  made  between  fat  and 
^ipose  tissue;  the  latter  being  a  distinct  tissue,  the  former  an  oily  matter,  which 
in  addition  to  forming  adipose  tissue  is  also  widely  present  in  the  body,  as  in  the 
fit  of  the  brain  and  liver,  and  in  the  hlood  and  chyle,  etc. 
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Fat-cells  (Fig.  19)  consist  of  a  number  of  vesicles,  varying  in  size,  but  of  about 
the  average  diameter  of  5^  of  an  inch.  They  are  formed  of  an  exceedingly 
delicate  protoplasmic  membrane,  filled  with  fatty  matter,  which  is  liquid  during 
life,  but  becomes  solidified  aft«r  death.  They  are  round  or  spherical  where  they 
have  not  been  subjected  to  pressure; 
otherwise  tbey  assume  a  more  or  less 
angular  outline.  A  nucleus  is  always 
present,  and  can  be  eaaily  demonstrat- 
ed by  staining  with  logwood;  in  the 
natural  condition  it  is  so  compressed 
by  the  contained  oily  matter  as  to  be 
scarcely  recognizable.  These  fatxiells 
are  contained  in  clusters  in  the  areolse 
of  fine  connective  tissue,  and  are  held 
together  mainly  by  a  network  of 
capillary  blood-vessels,  which  are  dis- 
tributed to  them. 

Fat  is  an  inorganized  substance, 

consisting  of  a  liquid  material  (gly- 

Fin.io.-neveiopmeiitof&t.  iKitiu  and  Noble  Smitb.)     ccrin)    in    combination  with   certain 

vesselB^lnlhei^ureeV  fomatioQ^theyaren'tTeliMm-       fatty      aclds,      Stearic,      palmitic,      and 

pitemTc''»p«*''  3:"'Th™g™u'S-mbsilSce.  'coniall^ll^     o^eic.     Sometimes  the  acids  separate 

iiumerous  nucleale'il  colls,  some  of  which    ire  more  tl is-       siiontaneouslv  before  the  fat    is  CXam- 
linctlT  braiiclied  and  flaitened  than  others,  and  nppear       - '     .  ,        ■  ,  , 

iiieretore  more  spindle-shaped,  lued,   and  are  Seen  under  tiie  micro- 

scope in  a  crystalline  form,  as  in  Fig. 
19,  (I.  By  boiling  the  tissue  in  ether  or  strong  alcohol  the  fat  may  be  extracted 
from  the  vesicle,  which  is  then  seen  empty  and  shrunken. 

Fat  is  said  to  be  first  detected  in  the  human  embryo  abont  the  fourteenth 
week.  According  to  Klein,  tbe  fat-cells  are  formed  by  the  transformation  of  the 
protoplasmic  connective- tissue  corpuscles,  into  which  small  globules  of  fat  find 
their  way.  and  increase  until  they  distend  the  corpuscle  into  the  thin  mantle  of 
protoplasm  which  forms  the  cell-wall,  and  in  which  its  nucleus  is  still  to  be  seen 
(Fig.  20).  Others  of  the  connective-tissue  corpuscles  are  transformed  into  the 
vessels  and  the  lymphatic  tissue  which  accompanies  the  vessels. 

PIQMENT. 

In  various  parts  of  tbe  body  pigment  is  found ;    most  frequently  in  epithelial 

cells  and  in  the  cells  of  connective  tissue.     Pigmented  epithelial  cells  are  found 

forming  the  external  layer  of  the  retina  (Fig.  21)  and  on  the  posterior  surface  of 

the  iris.     Pigment  is  also  found  in  the  epithelial  ceils    of  the 

deeper  layers  of  the  cuticle  in  some  parts  of  the  body — such  as 

^^A  the  areola  of  the  nipple    and  in  colored   patches   of    skin,  and 

AAAA       especially  in  the  skin  of  the  colored  races,  and  also  in  hair.     It 

A^^         is  also  found  in  the  epithelial  cells  of  the  olfactory  region  and 

of  the  membranous  labyrinth  of  the  ear. 

'^Sius'-^rufinl."'"  Ii  ^^^  connectivc-tissue  cells  pigment  is  frequently  met  with 

in  the  lower  vertebrates.     In  man  it  is  found  in  the  choroid  coat 

of  the  eye,  and  in  the  iris  of  all  but  the  light-blue  eyes  and  the  albino.     It  is 

also  occasionally  met  with  in  the  cells  of  retiform  tissue  and  in  the  pia  mater  of 

the  upper  part  of  the  spinal  cord.     These  cells  are  characterized  by  their  larger 

size  and  branched  processes,  which,  as  well  as  tbe  body  of  the  cells,  are  filled 

with  granules.     The  pigment  consists  of  dark-brown  or  black  granules  of  very 

small  size,  closely  packed  together  within  tlie  cells,  but  not  invading  the  nncleus. 

Occasionally  the  pigment  is  yellow,  and  when  occurring  in  tbe  cells  of  the  cuticle 

constitutes  "freckles." 


CARTILAGE. 


OABTILAQE. 


Oaitilage  is  a  uon-vaecular  etructure  which  is  found  in  v&rious  p&rts  of  the 
body — in  adult  life  chiefly  in  the  joints,  in  the  parietes  of  the  thorax,  and  in 
various  tubes,  such  as  the  air-pasaages,  nostrils,  and  ears,  which  are  to  be  kept 
permanently  open.  In  the  fcetus  at  an  early  period  the  greater  part  of  the  skele- 
ton is  cartilaginous.  As  this  cartilage  is  afterward  replaced  by  bone,  it  is  called 
temporary,  in  contradistinction  to  that  which  rem&ins  unossified  during  the  whole 
of  life,  and  which  is  i:a\[&A  permanent. 

Cartilage  is  divided,  according  to  its  minute  structure,  into  true  or  hyaline 
cartilage.  Bbrous  or  6bro-cartilage,  and  yellow  or  elastic  or  reticular  cartilage. 
Besides  these  varieties  met  with  in  the  adult  human  subject,  there  is  a  variety 
called  cellular  cartilage,  which  consists  entirely,  or  almost  entirely,  of  cells,  united 
in  some  cases  by  a  network  of  verv  fine  fibres,  Id  other  cases  apparently  destitute 
of  any  intercellular  substance.  This  is  found  in  the  external  ear  of  rats,  mice, 
and  some  other  animals,  and  is  present  in  the  chorda  dorsalis  of  the  human 
embryo,  but  is  not  found  in  any  other  human  etructure.  The  various  cartilages 
in  the  body  are  also  cla-'isified,  according  to  their  function  and  position,  into 
articular,  interarticular,  costal,  and  ni  em  b  rani  form. 

Hy&line  cartilage,  which  may  bo  taken  as  the  type  of  this  tissue,  consists  of  a 
gristly  mass  of  a  firm  consistence,  but  of  considerable  elasticity  and  of  a  pearly- 
bluish  color.     Except  where  it  coats  the  articular  ends  of  bones,  it  is  enveloped 
in  a  fibrous  membrane,  the  perichondrium,  from  the  vessels  of  which  it  imbibes 
its  nutritive  fluids,  being  itself  destitute   of  blood-vessels;    nor  have  any  nerves 
been    traced  into    it.     Its   intimate 
structure  is  very  simple.     If  a  thin 
slice  is  examined  under  the  micro- 
scope, it  will  be  found  to  consist  of 
cells  of  a  rounded  or  bluntly  angular 
form,  lying  in  groups  of  two  or  more 
in  a  granular  or  almost  homogeneous 
matrix   (Fig.   22).     The  cells,  when 
arranged  in   groups   of  two  or  more, 
have    generally    a    straight    outline 

where  they  are  in  contact  with  each  lage-^'M^QifieTMOUm^''^''^"''^"'''*"'™'''™"'' 
'ither,  and  in  the  rest  of  their  cir- 
cumference are  rounded.  The  cell-contents  consist  of  clear  translucent  proto- 
plasm containing  minute  granules,  and  imbedded  in  this  are  one  or  two  nuclei, 
having  usually  a  granular  appearance,  but  occasionally  being  clear  and  occupied 
by  one  or  more  nucleoli.  The  cells  are  imbedded  in  cavities  in  the  matrix,  called 
fortilage  lacunee,  which  are  lined  by  a  distinct  transparent  membrane  called 
the  capsule.  Each  lacuna  is  generally  occupied  by  a  single  cell,  but  during  the 
division  of  the  cells  it  may  contain  two,  four,  or  eight  cartilage-cells.  By 
boiling  the  cartilage  for  some  hours  and  treating  it  with  concentrated  mineral 
acid,  the  capsule  may  be  freed  from  the  matrix,  and  can  then  be  demonstrated  as  a 
distinct  vesicle  containing  the  cells.  By  exposure  to  the  action  of  an  electric  shock 
the  cell  assumes  a  jagged  outline  and  shrinks  away  from  the  interior  of  the 
capsule. 

The  matrix  is  transparent  and  apparently  without  structure,  or  else  presents 
a  dimly  granular  appearance,  tike  ground  glass.  Some  observers  have  shown 
that  the  matrix  of  hyaline  cartilage,  and  especially  the  articular  variety,  after 
prolonged  maceration,  can  be  broken  up  into  fine  fibrils.  These  fibrils  are  prob- 
ably of  the  same  nature,  chemically,  as  the  white  fibres  of  connective  tissue.  It 
is  believed  by  some  histologists  that  the  matrix  is  permeated  by  a  number  of 
fine  channels,  which  connect  the  lacume  with  each  other,  and  that  these  canals 
Mmmnnicate  with  the  lymphatics  of  the  perichondrium,  and  thus  the  structure  is 
permeated  with  a  current  of  nutritious  fluid. 
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The  articular  cartilages,  the  temporary  cartilages,  and  the  costal  cartilages  are 
all  of  the  hyaline  variety.  They  present  minute  differences  in  the  size  and  shape 
of  their  cells  and  in  the  arrangement  of  their  matrix.  In  the  articular  cartilages, 
which  show  no  tendency  to  ossification,  the  matrix  is  finely  granular  under  a  high 
power ;  the  cells  and  nuclei  are  small  and  are  disposed  parallel  to  the  surface  in 
the  superficial  part,  while  nearer  to  the  bone  they  become  vertical.  Articular 
cartilages  have  a  tendency  to  split  in  a  vertical  direction,  probably  from  some 
peculiarity  in  tfae  intimate  structure  or  arrangement  of  the  component  parts  of 
the  matrix.  In  disease  this  tendency  to  a  fibrous  splitting  becomes  very  manifest. 
Articular  cartilage  is  not  covered  by  perichondrium,  at  least  on  its  free  surface, 
where  it  is  exposed  to  friction,  though  a  layer  of  connective  tissue  can  be  traced 
in  the  adult  over  a  small  part  of  its  circumference  continuous  with  that  of  the 
synovial  membrane,  and  here  the  cartilage-cells  are  more  or  less  branched  and 
pass  insensibly  into  the  branched  connective-tissue  corpuscles  of  the  synovial 
membrane. 

Articular  cartilage  forms  a  thin  incrustation  upon  the  joint-surfaces  of  the 
boties,  and  its  elasticity  enables  it  to  break  the  force  of  any  concussion,  whilst  its 
smoothness  affords  ease  and  freedom  of  movement.  It  vanes  in  thickness  accord- 
ing to  the  shape  of  the  bone  on  which  it  lies ;  where  this  is  convex  the  cartilage 
is  thickest  at  the  centre,  where  the  greatest  pressure  is  received;  and  the  reverse 
is  the  case  on  the  concave  surfaces  of  the  bones.  Articular  cartilage  appears  to 
imbibe  its  nutriment  partly  from  the  vessels  of  the  neighboring  synovial  mem- 
brane, partly  from  those  of  the  bone  upon  which  it  is  implanted.  Mr.  Toynbee 
has  shown  that  the  minute  vessels  of  the  cancellous  tissue  as  they  approach  the 
articular  lamella  dilate  and  form  arches,  and  then  return  into  the  substance  of  the 
bone. 

In  the  costal  cartilages  the  cells  and  nuclei  are  large,  and  the  matrix  has  a 
tendency  to  fibrous  striation,  especially  in  old  age  (Fig.  23).  These  cartilages 
are  also  very  prone  to  ossify.  In  the 
thickest  parts  of  the  costal  cartilages  a 
few  large  vascular  channels  may  be 
detected.  This  appears  at  first  sight  an 
exception  to  the  statement  that  cartilage 
is  a  non-vascular  tissue,  but  is  not  so 
really,  for  the  vessels  give  no  branches  to 
the  cartilage-substance  itself,  and  the 
channels  may  rather  be  looked  upon  as 
involutions  of  the  perichondrium.  The 
ensiform  cartilage  may  be  regarded  as 
one  of  the  costal  cartilages,  and  the 
cartilages  of  the  nose  and  of  the  larynx 
and  trachea  resemble  them  in  microscop- 
ical characters,  except  the  epiglottis  and 
cornicular    laryngis,    which    are   of   the 

Fio.23.— CoHsloarttlBge  from  ■  man  sevenly-ili       rpficiilar  variptv 
yen™  of  age.  showlnp  the  dtvelopraent  of  fibroua      reuLUiar  vaneiy. 
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enclosed  in  a  parent  ceflTwaiL  High  power.  adult   and   advanced   life,  are   prone    to 

calcify — that  is  to  say,  to  have  their 
matrix  permeated  by  the  salts  of  lime  without  any  appearance  of  true  bone. 
The  process  of  calcification  occurs  also  and  still  more  frequently,  according  to 
Rollett,  in  such  cartilages  as  those  of  the  trachea,  which  are  prone  afterward  to 
conversion  into  true  bone. 

Wlite  fibro-«aTtilage  consists  of  a  mixture  of  white  fibrous  tissue  and  cartilag- 
inous tissue  in  various  proportions ;  it  is  to  the  first  of  these  two  constituents 
that  its  fiexibility  and  toughness  are  chiefly  owing,  and  to  the  latter  its  elasticity. 
When  examined  under  the  microscope  it  is  found  to  be  made  up  of  fibrous  con- 
nective tissue  arranged  in  bundles,  with  cartilage-cells  between  the  bundles ;  these 
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to  a  certain  extent  resemble  tendon-ccUs,  but  may  be  distinguished  from  them  by 
twiDg  surrounded  byan  investing  capsule  and  by  their  being  less  flattened  (Fig.  24). 
The  fibro-cartilages  admit  of 
arnngement  into  four  groups 
— interarticular,  connecting, 
circumferential,  and  strati- 
form. 

The  intanrtlcnlat  flbro-ear- 
tilagsB  (menisci)  are  flatteaed 
fib ro-cartilaei nous  plates,  of  a 
round,  oval,  triangular,  or 
sickle-like  form,  interposed 
between  the  articular  carti- 
lages of  certain  joints.  They 
are  free  on  both  surfaces,  thin- 
ner toward  their  centre  than 
at    their    circumference,    and 

L-iJ  ■_   _      -.:    _    I .l..:_ Fio.  M.— While  flbro-c«nil«ge  ftomihe  seralluiiar  disk  of  the 

held  in  position  by  their  mar-      p»teU«  joint  o(  >n  ox.   Magnlfled  109  times. 

gins  and  extremities  being  con- 
nected to  the  surrounding  ligaments.  The  synovial  membrane  of  the  joint  is 
prolonged  over  them  a  short  distance  from  their  attached  margins.  They  are 
found  in  tbe  temporo-maxillary,  stemo-clavicular,  acromio-clavicular,  wrist  and 
knee-joints.  These  cartilages  are  usually  found  in  those  joints  which  are  most 
exposed  to  violent  concussion  and  subject  to  frequent  movement.  Their  use  is 
— to  maintain  the  apposition  of  tbe  opposed  surfaces  in  their  various  motions ;  to 
increase  the  depth  of  the  articular  surfaces  and  give  ease  to  the  gliding  movement ; 
to  moderate  tbe  effects  of  great  pressure  and  deaden  the  intensity  of  the  shocks  to 
which  the  parts  may  be  subjected.  Humphry  has  pointed  out  that  these  inter- 
srticular  fibro-cartilages  serve  an  important  purpose  in  increasing  the  variety  of 
movements  in  a  joint.  Thus,  ia  the  knee-joint  there  are  two  kinds  of  motion, 
— viz.  angular  movement  and  rotation,  although  it  is  a  hinge  joint,  in  which,  as 
a  rule,  only  one  variety  of  motion  is  permitted;  the  former  movement  taking 
place  between  the  condyles  of  the  femur  and  the  interarticular  cartilage,  the  latter 
between  the  cartilage  and  the  head  of  tbe  tibia.  So,  also,  in  the  t em poro-m axil- 
lary joint,  the  upward  and  downward  movement  of  opening  and  shutting  the 
mouth  takes  place  between  the  cartilage  and  the  jaw-bone,  the  grinding  movement 
between  the  glenoid  cavity  and  the  cartilage,  the  latter  moving  with  the  jaw-bone. 

The  connoctiiig  fibro-cartilages  are  interposed  between  the  bony  surfaces  of 
those  joints  which  admit  of  only  slight  mobility,  as  between  the  bodies  of  tbe  ver- 
tebrae and  between  the  pubic  bones.  They  form  disks,  which  adhere  closely  to 
both  of  the  opposed  bones,  and  are  composed  of  concentric  rings  of  fibrous  tissue, 
with  cartilaginous  lamina  interposed,  the  former  tissue  predominating  toward  the 
circumference,  the  latter  toward  the  centre. 

The  circnmlisreDtial  fibro-cartllageB  consist  of  a  rim  of  fibro-cartilage,  which 
surrounds  the  margin  of  some  of  the  articular  cavities,  as  tbe  cotyloid  cavity  of 
the  hip  and  the  glenoid  cavity  of  the  shoulder ;  they  serve  to  deepen  the  articular 
surface  and  to  protect  the  edges  of  the  bone. 

The  atn,tUoim  fibro-cartilages  are  those  which  form  a  tbin  coating  to  osseous 
grooves  through  which  the  tendons  of  certain  muscles  glide.  Small  masses  of 
fibro-cartilages  are  also  developed  in  tbe  tendons  of  some  muscles,  where  they 
glide  over  bones,  as  in  the  tendons  of  the  peroneus  longus  and  the  tibialis  posticus. 

Yellow,  or  reticular,  elastic  cartilage  is  found  in  the  human  body  in  the 
aaricle  of  the  external  ear,  the  Eustachian  tubes,  the  eornicula  laryngis,  and  the 
epiglottis.  It  consists  of  cartilage-cells  and  a  matrix,  the  latter  being  pervaded 
in  every  direction,  except  immediately  around  each  cell,  by  a  network  of  yellow 
elastic  fibres,  branching  and  anastomosing  in  all  directions  (Fig.  25).  The  fibres 
resemble  those  of  yellow  elastic  tissue,  both  in  appearance  and  in  being  unaffected 
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by  acetic  acid ;  aad  according  to  Rollett  their  continuity  with  the  elastic  fibres 

of  the  neighboring  tissue  admits  of  being  demonstrated. 

The  distinguishing  feature 
of  cartilage  as  to  its  chemical 
composition  is  that  it  yields 
on  boiling  a  substance  called 
vhondrin,  very  similar  to 
gelatin,  but  differing  from  it 
in  not  being  precipitated  by 
tannin.  According  to  Kiihne 
there  is  a  small  amount  of 
gelatin  in  hyaline  cartilage, 
Virchow  believes  that  the 
semilunar  disks  in  the  knee- 
joint  are  wrongly  denomi- 
nated cartilages,  since  the; 
yield  no  chondrin  on  boil- 
Fio.!5.-YclIowc«rtUii«e.  ear  of  horse.    High  power.  'Dg  i   *°d  ^^   appears   to   re- 

gard them  as  a  modi&catioD 

of  a  tendinous  structure,   which,  however,  agrees   with    the   cartilages  in  the 

important  particular  of  being  non-vascular. 

Temporary  cartilage  and  tne  process  of  its  ossification  will  be  described  with 

Bone. 

BONE. 

Stntctnre  and  Fhydcal  Properties  of  Bone. — Bone  is  one  of  the  hardest  struc- 
tures of  the  animal  body ;  it  possesses  also  a  certain  degree  of  toughness  and 
elasticity.  Its  color,  in  a  fresh  state,  is  of  a  pinkish  white  externally,  and  deep 
red  within.  On  examining  a  section  of  any  bone,  it  is  seen  to  be  composed  of  two 
kinds  of  tissue,  one  of  which  is  dense  and  compact  in  texture,  like  ivory ;  the 
other  consists  of  slender  fibres  and  lameilsB,  which  join  to  fonn  a  reticular  struc- 
ture ;  this,  from  its  resemblance  to  lattice- work,  is  called  cancellous.  The  com- 
pact tissue  is  always  placed  on  the  exterior  of  the  bone ;  the  cancellous  is  always 
internal.  The  relative  quantity  of  these  two  kinds  of  tissue  varies  in  different 
bones,  and  in  different  parts  of  the  same  bone,  as  strength  or  lightness  is  requisite. 
Close  examination  of  the  compact  tissue  shows  it  to  be  extremely  porous,  so  that 
the  difference  in  structure  between  it  and  the  cancellous  tissue  depends  merely 
upon  the  different  amount  of  solid  matter,  and  the  size  and  number  of  spaces  in 
each;  the  cavities  being  small  in  the  compact  tissue  and  the  solid  matter  between 
them  abundant,  whilst  in  the  cancellous  tissue  the  spaces  are  large  and  the  solid 
matter  in  smaller  quantity. 

Bone  during  life  is  permeated  by  vessels  and  is  enclosed  in  a  fibrous  membrane, 
the  periosteum,  by  means  of  which  many  of  these  vessels  reach  the  hard  tissue. 
If  the  periosteum  is  stripped  from  the  surface  of  the  living  bone,  small  bleeding 
points  are  seen,  which  mark  the  entrance  of  the  periosteal  vessels ;  and  on  section 
during  life  every  part  of  the  bone  will  he  seen  to  exude  blood  from  the  minute 
vessels  which  ramify  in  it.  The  interior  of  the  bones  of  the  limbs  presents  a 
cylindrical  cavity  filled  with  marrow  and  lined  by  a  highly  vascular  areolar 
structure,  called  the  medullar;/  membrane  or  internal  perioiteum,  which,  how- 
ever, is  rather  the  areolar  envelope  of  the  cells  of  the  marrovr  than  a  definite 
membrane. 

The  periosteum  adheres  to  the  surface  of  the  bones  in  nearly  every  part, 
excepting  at  their  cartilaginous  extremities.  Where  strong  tendons  or  ligaments 
are  attached  to  the  bone,  the  periosteum  is  incorporated  with  them.  It  consists 
of  two  layers  closely  united  together,  the  outer  one  formed  chiefly  of  connective 
tissue,  containing  occasionally  a  few  fat-cells ;  the  inner  one,  of  elastic  fibres  of 
the  finer  kind,  forming  dense  membranous  networks,  which  can  be  again  separated 
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into  several  layers.  In  young  bones  the  periosteum  is  thick,  and  very  vascular, 
and  is  intimately  connected  at  either  end  of  the  bone  with  the  epiphysial  cartilage, 
but  less  closely  with  the  shaft,  from  which  it  is  separated  by  a  layer  of  soft  blas- 
tema, containing  a  number  of  granular  corpuscles  or  ^'osteoblasts,'' in  which 
ossification  proceeds  on  the  exterior  of  the  young  bone.  Later  in  life  the  peri- 
osteum is  thinner,  less  vascular,  and  the  osteoblasts  have  become  converted  into 
an  epithelial  layer,  which  is  separated  from  the  rest  of  the  periosteum  in  many 
places  by  cleft-like  spaces,  which  are  supposed  to  serve  for  the  transmission  of 
lymph.  The  periosteum  serves  as  a  nidus  for  the  ramification  of  the  vessels 
previous  to  their  distribution  in  the  bone ;  hence  the  liability  of  bone  to  exfolia- 
tion or  necrosis,  when  denuded  of  this  membrane  by  injury  or  disease.  Fine 
nerves  and  lymphatics,  which  generally  accompany  the  arteries,  may  also  be 
demonstrated  in  the  periosteum. 

The  marrow  not  only  fills  up  the  cylindrical  cavity  in  the  shafts  of  the  long 
bones,  but  also  occupies  the  spaces  of  the  cancellous  tissue  and  extends  into  the 
larger  bony  canals  (Haversian  canals)  which  contain  the  blood-vessels.  It  differs 
in  composition  in  different  bones.  In  the  shafts  of  adult  long  bones  the  marrow 
is  of  a  yellow  color,  and  contains,  in  100  parts,  96  of  fat,  1  of  areolar  tissue  and 
vessels,  and  3  of  fluid,  with  extractive  matter,  and  consists  of  a  matrix  of  fibrous 
tissue,  supporting  numerous  blood-vessels  and  cells,  most  of  which  are  fat-cells,  but 
some  few  are  ''marrow-cells."  In  the  flat  and  short  bones,  in  the  articular  ends 
of  the  long  bones,  in  the  bodies  of  the  vertebrae,  in  the  cranial  diploe,  and  in  the 
sternum  and  ribs,  it  is  of  a  red  color,  and  contains,  in  100  parts,  76  of  water  and 
25  of  solid  matter,  consisting  of  albumen,  fibrin,  extractive  matter,  salts,  and  a 
mere  trace  of  fat.  The  red  marrow  consists  of  a  small  quantity  of  areolar  tissue, 
blood-vessels,  and  numerous  cells,  some  few  of  which  are  fat-cells,  but  the  great 
majority  roundish  nucleated  cells,  the  true  "  marrow-cells  "  of  Kolliker.  These 
marrow-cells  resemble  in  appearance  the  white  corpuscles  of  the  blood,  though 
they  are  larger  and  have  a  relatively  larger  nucleus  and  a  clearer  protoplasm,  but, 
like  them,  possess  amoeboid  movements.  Amongst  them  may  be  seen  smaller 
cells,  which  possess  a  slightly  pinkish  hue ;  and  it  has  been  stated  by  Neumann 
that  they  are  then  in  a  transitional  stage  between  marrow-cells  and  red  blood- 
corpuscles,  and  that  one  of  the  sources  of  blood-globules  is  the  marrow  of  the 
spongy  bones. 

Giant-cells  (myelo-plaqtieSj  osteoclasts),  large,  multinucleated,  protoplasmic 
masses,  are  also  to  be  found  in  both  sorts  of  adult  marrow,  but  more  particularly 
in  red  marrow.  They  were  believed  by  Kolliker  to  be  concerned  in  the  absorption 
of  bone  matrix,  and  hence  the  name  which  he  gave  to  them — osteoclasts.  They 
excavate  small  shallow  pits  or  cavities,  which  are  named  Howship's  lacunas^  in 
which  they  are  found  lying. 

Vessels  of  Bone. — The  blood-vessels  of  bone  are  very  numerous.  Those  of  the 
compact  tissue  are  derived  from  a  close  and  dense  network  of  vessels  ramifying  in 
the  periosteum.  From  this  membrane  vessels  pass  into  the  minute  orifices  in  the 
compact  tissue,  running  through  the  canals  which  traverse  its  substance.  The 
cancellous  tissue  is  supplied  in  a  similar  way,  but  by  a  less  numerous  set  of  larger 
vessels,  which,  perforating  the  outer  compact  tissue,  are  distributed  to  the  cavities 
of  the  spongy  portion  of  the  bone.  In  the  long  bones  numerous  apertures  may 
be  seen  at  the  ends  near  the  articular  surfaces,  some  of  which  give  passage  to  the 
arteries  of  the  larger  set  of  vessels  referred  to ;  but  the  most  numerous  and  largest 
apertures  are  for  the  veins  of  the  cancellous  tissue,  which  run  separately  from  the 
arteries.  The  medullary  canal  in  the  shafts  of  the  long  bones  is  supplied  by  one 
large  artery  (or  sometimes  more),  which  enters  the  bone  at  the  nutrient  foramen 
(situated  in  most  cases  near  the  centre  of  the  shaft),  and  perforates  obliquely  the 
compact  structure.  The  medullary  or  nutrient  artery,  usually  accompanied  by 
one  or  two  veins,  sends  branches  upward  and  downward  to  supply  the  medullary 
membrane,  which  lines  the  central  cavity  and  the  adjoining  canals.  The  ramifica- 
tions of  this  vessel  anastomose  with  the  arteries  both  of  the  cancellous  and  com- 
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pact  tissues.'  In  most  of  the  flat,  and  in  many  of  the  short  spongy  bones,  one 
or  more  large  apertures  are  observed,  which  transmit,  to  the  central  parts  of  the 
bone,  vessels  corresponding  to  the  medullary  arteries  and  veins.  The  veins  emerge 
from  the  long  bones  in  tnree  places  (Kiilliker) :  (1)  by  one  or  two  large  veins, 
which  accompany  the  artery ;  (2)  by  numerous  large  and  small  veins  at  the  artic- 
ular extremities;  (3)  by  many  small  veins  which  arise  in  the  compact  substance. 
In  the  flat  cranial  bones  the  veins  are  large,  very  numerous,  and  run  in  tortuous 
canals  in  the  diploic  tissue,  the  sides  of  the  canals  being  formed  by  a  thin  lamella 
of  bone,  perforated  here  and  there  for  the  passage  of  branches  from  the  adjacent 
cancelli.  Tbe  same  condition  is  also  found  in  all  cancellous  tissue,  the  veins  being 
enclosed  and  supported  by  osseous  structure  and  having  exceedingly  thin  coats. 
When  the  bony  structure  is  divided,  the  vessels  remain  patulous,  and  do  not  con- 
tract in  the  canals  in  which  they  are  contained.  Hence  the  constant  occurrence 
of  purulent  absorption  after  amputation  in  those  cases  where  the  stump  becomes 
inflamed  and  the  cancollous  tissue  is  infiltrated  and  bathed  in  pus. 

Lymphatic  vessels,  in  addition  to  those  found  in  the  periosteum,  have  been 
traced  by  Gruikshank,  into  the  substance  of  bone,  and  Klein  describes  them  as 
running  in  the  Haversian  canals. 

Nerves   are  distributed  freely  to  the  periostenm,  and  accompany  the  nutrient 

arteries  into  the  interior  of  the  bone.     They  are  said  by  Kolliker  to   be   most 

numerous   in  the  articular   extremities 

of  the  long  bones,  in  the  vertebrse  and 

the  larger  flat  bones. 

Minnte  Anfttomy. — The  intimate 
structure  of  bone,  which  in  all  essentia.] 
particulars  is  identical  in  the  compact 
and  cancellous  tissue,  is  most  easily 
studied  in  a  transverse  section  from  the 
J  compact  wall  of  one  of  the  long  bones 

after  maceration,  such  as   is   shown  in 
Fig.  26. 

If  this  is  examined  with  a  rather 
low  power  the  bone  will  be  seen  to  be 
mapped  out  into  a  number  of  circular 
districts,  each  one  of  which  consists  of 
a  central  hole,  surrounded  by  a  number 
of  concentric  rings.  These  districts  are 
F.o.%.-From.tr.nFver«M«tiono/thedi.phrsi.     termed  iTai-eman  »yate7na;  the  central 

oflhehumerua.    Majfniflerl  3S0  times,    a   Harerslsn       hole    IS      an     Haversian     CanOl,  KI\iX     the 

canals.  0.  Iju^unx,  with  the[ri«naUfuU  Inthe  Umelln         .  ,  ,  c  i.  - 

of  Ibese canalB.    c.  LaounoEof  the  inleistilial  lamellie.       nngs    around    are    lavers    01    Done-tlSSUe 

S.?aul"rgWer.Tf?ftSm  ^Se^dS"''"  ''"^°"'  ""^  arranged  concentrically  around  the  cen- 
tral canal,  and  termed  lamella.  More- 
over, on  closer  examination,  it  will  be  found  that  between  these  lamellae,  and 
therefore  also  arranged  concentrically  around  the  central  canal,  are  a  number  of 
little  dark  specks,  the  lacuna;,  and  that  these  lacunae  are  connected  with  each 
other  and  with  the  central  Haveraian  canal  by  a  number  of  fine  dark  lines,  which 
radiate  like  the  spokes  of  a  wheel  and  are  called  canaliculi.  All  these  structures 
— the  concentric  lamellse,  the  lacuna,  and  the  canaliculi — may  be  seen  in  any 
single  Haversian  system,  forming  a  circular  district  round  a  central,  Haversian, 
canal.  Between  these  circular  systems,  filling  in  the  irregular  intervals  which  are 
left  between  them,  are  other  lamellte,  with  their  lacunae  and  canaliculi,  running  in 

'This  view  is  nnl,  however,  entertained  by  all  analomistn.  Mr.  Charles  Stewart  believes  that, 
in  many  cases  at  all  events,  the  vessels  of  the  periosteum  suppiv  only  the  circumferential  lamelltc  on 
the  aurfaee  of  the  shaft  of  tiie  bone,  which  are  formed  from  tliis  membrane,  and  that  the  whole  of 
the  rest  of  ila  structure  is  supplied  by  the  vessels  of  the  medullary  nienibrane,  and  that  onlv  very 
eiceptionally  does  any  anastomosis  take  place  Ijetween  the  two  sets  of  ves,-elB.  Certainly,  in  one 
microscopic  section,  which  I  had  an  opportmiily  of  examining  through  the  kindness  of  Mr.  Stewart, 
this  appeared  to  Ite  the  case. 
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s  directions,  but  more  or  less  curved  (Fig.  27).  These  are  termed  interstitial 
lamellfE.  AgaiD,  other  lamellae,  for  the  most  part  found  on  the  surface  of  the  bone, 
are  arranged  concentrically  to  the  circumference  of  bone,  conBtituting,  as  it  were, 
a  single  Haversian  system  of  the  whole  bone,  of  which  the  medullary  cavity  would 
represent  the  Haversian  canal.  These  latter  iamellEe  are  termed  circumferential, 
or  by  some  author8;>nfnar^or/un(2anienta/lamellfe,  to  distinguish  them  from  those 
laid  down  around  the  axis  of  the  Haversian  canals,  which  are  then  termed  »econdary 
or  tpecial  lamellae. 

The  Haversian  canals,  seen  as  round  holes  in  a  transverse  section  of  bone  at 
or  about  the  centre  of  each  Haversian  system,  may  be  demonstrated  to  be  true 
canals  if  a  longitudinal  section  is  made,  as  in  Fig.  29.  It  will  then  be  seen  that 
these  round  holes  are  tubes  cut  across,  which  run  parallel  with  the  longitudinal 


Fio.  IT.— Ttaafveraa  *ecUoD  o(  compact  liuue  of  bone.    Uagiilfled  fttjout  IM  dtnmetera.    ISharpey.) 

axis  of  the  bone  for  a  short  distance,  and  then  branch  and  communicate.  They 
Tiry  considerably  in  size,  some  being  as  large  as  ^^  of  an  inch  in  diameter ;  the 
■verage  size  being,  however,  about  ^^  of  an  inch.  Near  the  medullary  cavity 
the  canals  are  larger  than  those  near  the  surface  of  the  bone.  Each  canal,  as  a 
mle,  contains  two  blood-vessels,  a  small  artery  and  vein ;  the  larger  ones  also  con- 
tain a  small  quantity  of  delicate  connective  tisane,  with  branched  ceils,  the  pro- 
cesses of  which  communicate  with  the  branched  processes  of  certain  bone-cells 
in  the  substance  of  the  bone.  Those  canals  near  the  sur&ce  of  the  bone  open 
upon  it  by  minute  orifices,  and  those  near  the  medullary  cavity  open  in  the 
ume  way  into  this  space,  so  that  the  whole  of  the  bone  is  permeated  by  a  system 
of  hiood-vessels  running  through  the  bony  canals  in  the  centre  of  the  Haversian 
systems. 

The  larnelltE  are  thin  plates  of  bone-tissue  encircling  the  central  canal,  and 
might  be  compared,  for  the  sake  of  illustration,  to  a  number  of  sheets  of  paper 
pasted  one  over  another  around  a  central  hollow  cylinder.  After  macerating  a 
piece  of  bone  in  dilute  mineral  acid,  these  lamellae  may  be  stripped  off  in  a  longi- 
tudinal direction  as  thin  films.  If  one  of  these  is  examined  with  a  high  power 
under  the  microscope  it  will  be  found  to  be  composed  of  a  finely  reticular  struc- 
ture, presenting  the  appearance  of  lattice-work  made  up  of  very  slender,  trans- 
parent fibres,  decussating  obliquely,  and  coalescing  at  the  points  of  intersection 
M  as  to  form  an  exceedingly  delicate  network.  In  many  places  the  various 
lamellaa  may  be  seen  to  be  held  together  by  tapering  fibres,  which  run  obliujuely 
through  them,  pinning  or  bolting  them  together.  These  fibres  were  first  described 
by  Sharpey,  and  were  named  by  him  perforating  fibres. 
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The  laenniE  are  situated  between  the  lamelhe,  and  consist  of  a  number  of 

oblong  spa,ce8.     In  an  ordinary  microscopic  section,  viewed  by  transmitted  light, 

they  appear  as  dark,  oblong,  opaque  spots,  and  were  formerly  believed  to  be  solid 

cells.     Subseiiuently,  when  it  was  seen  that  the  Haversian  canals  were  channels 

which  lodge  the  vessels  of  the  part,  and  the  canaliculi  minute  tubes  by  which  the 

plasma  of  the  Mood  circulates  through  the  tissue,  it  was  taught  that  the  lacunie 

were  hollow  spaces  filled  during  life  with  the  same  fluid,  and  only  lined  (if  lined 

at   all)  by  a  delicate   membrane.     But  this  view  appears  also  to   be  delusive. 

Examination  of  the  structure  of  bone,  when 

recent,  led  Virehow  to  believe  that  the  lacunse 

are  occupied  during  life  with  a  nucleated  cell, 

the  processes  from  which  pafis  down  the  canal- 

O     iculi — a  view  which  is  now  universally  received 

S,      (Fig.  28).     It  is  by  means  of  these  cells  that 

the  fluids  necessary  for  nutrition  are  brought 

into  contact  with  the  ultimate  tissue  of  bone. 

The    canaliculi    are    exceedingly    minute 

channels,  which  pa^  across  the  lamellae  and 

connect  the  lacunae  with  neighboring  lacunae 

and  also  with  the  Haversian  canal.     From  this 

central  canal  a  number  of  the  canaliculi  are 

given  off,  which  radiate  from  it,  and  open  into 

Fro,  2S.— KupiwM**!  bone^eiis  and  iheir     the  first  Set  of  lacunsB,  arranged  around  the 

processeB,  contained  in  the  bone-lacuna?  and      i,  .  i    i    .  ,i      S     .        3  j 

[tieircBDHiiciiitreapcccivei}-.  From  a  Bectinn     Haversian  caual,  between  the  ilrst  and  second 

(K^n^'and  NobiTsmiih')"'  "*"'*  ""''"**  lamella!.  From  these  lacunie  a  second  set  of 
canaliculi  are  given  off,  which  pass  outward  to 
the  next  series  of  lacunae,  and  so  on  until  they  reach  the  periphery  of  the  Haver- 
sian system;  here  the  canaliculi  given  off  from  the  last  series  of  lacunse  do  not 
communicate  with  the  lacunse  of  neighboring  Haversian  systems,  but  after  passing 
outward  for  a  short  distance  form  loops  and  return  to  their  own  lacuna.  Thus 
every  part  of  an  Haversian  system  is  supplied  with  nutrient  fluids  derived 
from  the  vessels  in  the  Haversian  canals  and  traversing  the  canaliculi  and 
lacunse. 

The  bone-cells  are  contained  in  the  lacunse,  which,  however,  they  do  not  com- 
pletely flll.  They  are  flattened  nucleated  cells,  which  Virehow  has  shown  are 
homologous  with  those  of  connective  tissue.  The  cells  are  branched,  and  the 
branches,  especially  in  young  hones,  paas  into  the  canaliculi  from  the  lacunae. 

If  a  longitudinal  section  is  examined,  as  in  Fig.  29,  the  structure  is  seen  to  be 
the  same.  The  appearance  of  concentric  rings  is  replaced  by  that  of  laraellaB  or 
rows  of  lacuniB,  parallel  to  the  course  of  the  Haversian  canals,  and  these  canals 
appear  like  half-tubes  instead  of  circular  spaces.  The  tubes  are  seen  to  branch 
and  communicate,  so  that  each  separate  Haversian  canal  runs  only  a  short  distance. 
In  other  respects  the  structure  htt&  much  the  same  appearance  as  in  transverse 
sections. 

In  sections  of  thin  plates  of  bone  (as  in  the  walls  of  the  cells  which  form  the 
cancellous  tissue)  the  Haversian  canals  are  absent,  and  the  canaliculi  open  into  the 
spaces  of  the  cancellous  tissue  (medullary  spaces),  which  thus  have  the  same  func- 
tion as  the  Haversian  canals  in  the  more  compact  bone. 

Ohemical  Composition. — Bone  consists  of  an  animal  and  an  earthy  part  inti- 
mately combined  together. 

The  animal  part  may  be  obtained  by  immersing  the  bone  for  a  considerable 
time  in  dilute  mineral  acid,  after  which  process  the  bone  comes  out  exactly  the 
same  shape  as  before,  but  perfectly  flexible,  so  that  a  long  bone  (one  of  the  ribs,  for 
example)  can  easily  be  tied  in  a  knot.  If  now  a  transverse  section  is  made  (Fig. 
30),  the  same  general  arrangement  of  the  Haversian  canals,  lamellse,  lacuna,  and 
canaliculi  is  seen,  though  not  so  plainly,  as  in  the  ordinary  section. 
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The   earthy  part  may  be   obtained   separate  by  calcination,  by  which   the 
animal  matter  la  completely  burned  out.     The  bone  will  still  retain  its  original 
form,  but  it  will  be  white   and  brittle,  will 
,o  /  c     b    .a     b         have    lost    about    one-third    of    its    original 

weight,  and  will  crumble  down  with  the 
slightest  force.  The  earthy  matter  confers 
on  bone  its  hardness  and  rigidity,  and  the 
animal  matter  its  tenacity. 


Tia.  30.— SecUun  orboiit-  after  the  remnral  of  the  earthy  mat- 
ter by  the  actlou  of  acida. 

Tbe  animal  base  is  of^n  called  cartilage, 
but  differs  from  it  in  structure,  in  the  fact  that 
it  is  softer  and  more  flexible,  and  that  when 
boiled  with  a  high  pressure  it  is  almost 
entirely  resolved  into  gelatin. 

The  organic  constituent  of  bone  forms  about 
one-third,  or  33.3  per  cent.;  the  inorganic 
matter,   two-thirds,   or  66.7   per  cent. ;   aa  is 

dno.    a.  Haversian  caiiala.  »,  Lacuna  iKtea       SCen      in      the      Bubioincd       analysis     of      Ber- 
fivm  tbe  aide.    c.  Othera  seen  from  the  lut-         „]■    „ 
fare  In  lamella  which  are  cut  horliontnllr.      zellUS  . 

Organic  matter    .     .     .        CieUtin  and  blood-vessels     .      .      .      33.30 

I  Phosphate  of  lime 51.04 
Carbonate  of  lime 11.30 
Fluoride  of  calcium  ....  2.00 
Phosphate  of  magnesia  .  .  .  1.16 
Soda  and  chloride  of  sodium  .  .  1.20 
Mk'm 
Some  chemists  add  to  this  about  1  per  cent,  of  fat. 

Some  difference  exists  in  the  proportion  between  the  two  constituents  of  bone 
at  different  periods  of  life.  In  the  child  the  animal  matter  predominates,  whereas 
in  aged  people  the  bones  contain  a  larger  proportion  of  earthy  matter,  and  the 
animal  matter  is  deficient  in  quantity  and  quality.  Hence  in  children  it  is  not 
uncommon  to  find,  after  an  injury  to  the  bones,  that  they  become  bent  or  only 
partially  broken,  whereas  in  old  people  the  bones  are  more  brittle  and  fracture 
takes  place  more  readily.  Some  of  the  diseases,  also,  to  which  bones  are  liable 
mainly  depend  on  the  disproportion  between  the  two  constituents  of  bone.  Thus 
in  the  disease  called  rickets,  so  common  in  the  children  of  the  poor,  the  bones 
become  bent  and  curved,  either  from  the  superincumbent  weight  of  the  body,  or 
under  the  action  of  certain  muscles.  This  depends  upon  some  defect  of  nutrition 
by  which  bone  becomes  deprived  of  its  normal  proportion  of  earthy  matter,  whilst 
the  animal  matter  is  of  unhealthy  quality.  In  the  vertebrae  of  a  rickety  subject 
Dr.  Bostdck  found  in  100  parts  79.75  animal  and  20.25  earthy  matter. 

Development  of  Bone. — In  the  foetal  skeleton  some  bones,  such  as  the  long 
bones  of  the  limbs,  are  cartilaginous ;  others,  as  the  crania]  bones,  are  membran- 
ous. Hence  two  kinds  of  ossification  are  described:  the  intraeartilat/inous  and 
the  intramenibranoui ;  and  to  these  a  third  is  sometimes  added,  the  subperiosteal; 
this,  however,  is  the  same  as  the  second,  only  taking  place  under  different  cir- 
cnmstaQces. 
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Intracartilaginons  OsBiflcation. — Just  before  ossificatioD  begins  tbe  bone  is 
entirely  cartilaginous,  and  in  a  long  bone,  which  may  be  taken  as  an  example, 
the  process  commences  in  the  centre  and  proceeds  toward  the  extremities,  which 
for  some  time  remain  cartilaginous.  Subsequently  a  similar  process  commences 
in  one  or  more  places  in  those  extremities  and  gradually  extends  through  it.     The 

extremity  does  not,  however, 
become  joined  to  the  shaft  of 
the  bone  until  growth  has 
ceased,  but  remains  separated 
by  a  layer  of  cartilaginous 
tissue  termed  epiphysial  carti- 
lage. 

The  first  step  in  the  ossifica- 
tion of  the  cartilage  is  that  the 
cartilage-cells,  at  the  point 
where  ossification  is  commen- 
cing and  which  is  termed  a  cen- 
tre of  ossification,  enlarge  and 
arrange  themselves  in  rows  (Fig. 
31).  The  matrix  in  which  they 
are  imbedded  increases  in  quan- 
tity, so  that  the  cells  become 
further  separated  from  each 
other.  A  deposit  of  calcareous 
material  now  takes  place  in  this 
matrix,  between  the  rows  of 
cells,  so  that  they  become  sepa- 
rated from  each  other  by  longi- 
tudinal columns  of  calcified 
-matrix,  presenting  a  granular 
and  opaque  appearance.  Here 
and  there  the  matrix  between 
two  cells  of  the  same  row  also 
becomes  calcified,  and  thus  we 
have  transverse  bars  of  calcified 
substance  stretching  across  from 

Fto.  SL-Longltuilliial  MCtluii  through  Ibe  oulfying  portion  ol       One        CalcareOUS         Column         tO 

B!Si™'S'f'lJi"iflb^^mi.*"'''^'''   ''■'-•'«'"«'-™"^">''-  "■     another.     Thus    we   have    lon- 
gitudinal groups  of  the  cartilage- 
cells  enclosed  in   oblong  cavities,  the  walls  of   which   are   formed   of   calcified 
matrix.     These  cavities  are  called  the  primary  areola  (Sharpey). 

At  the  same  time  that  this  process  is  going  on  in  the  centre  of  the  cartilage  of 
which  the  festal  bone  consists,  certain  changes  are  taking  place  on  its  surface. 
This  is  covered  by  a  very  vascular  membrane,  the  periosteum,  on  the  inner  surface 
of  which — that  is  to  say,  on  the  surface  in  contact  with  the  cartilage — are  a  number 
of  cells  called  osteoblasts.  By  the  agency  of  these  cells  a  thin  layer  of  bony  tissue 
is  being  formed  between  the  periosteum  and  the  cartilage,  by  the  iniramem- 
branous  mode  of  ossification  presently  to  be  described.  We  have  then,  in  this 
first  stage  of  ossification,  two  processes  going  on  simultaneously:  in  the  centre  of 
the  cartilage  the  formation  of  a  number  of  oblong  spaces,  formed  of  calcified  matrix 
and  containing  the  cartilage-cells  enlarged  and  arranged  in  groups,  and  on  the 
surface  of  the  cartilage  the  formation  of  a  layer  of  true  membrane -bone.  The 
second  stage  consists  in  the  prolongation  into  the  cartilage  of  processes  of  the 
deeper  or  osteogene tic  layer  of  tbe  periosteum  {Fig.  32,  ^>).  The  processes  consist 
of  blood-vessels  and  cells  (osteoblasts).  They  excavate  passages  through  the  new- 
formed  bony  layer  by  absorption,  and  pass  through  it  into  the  calcified  matrix  (Fig. 
32).     Wherever  these  processes  come  in  contact  with  the  calcified  walls  of  the 


primary  areolae  they  absorb  it,  and  thus  cause  a  fusion  of  the  original  cavities  and 
the  formation  of  larger  spaces,  which  are  termed  the  secondary  areolm  (Sharpey) 


Fiq.  S».— Part  of  a  loDaltudinnl  aoction  of 

_   . . .  lage-celli.    ■"',,■ 

celli.  c.  d.    (Jewls-forroed    bone.    e.   Osleo. 


the  developing  f^mnr  of_a  rabbit,    a.  FLal- 
flilage-celli 


Pig.  82.— Section  of  ftEtal  bone  of  cat.    <r.  Imiptlon  of                   btaatt.   /.  Glanl-celU    or    ostcoolaats.    a.  h. 
.. . .  .. _   „,. . ... .._  ,.._._.. ... ...     ,,, ■"—qTJfi* 


tened  carllTage^^elli.   b.  Enlaiwd  canll^- 

celli.  c.  d.    Newls-forniP''     ' "-— - 

btaaM.   /.  Glanl-celU    0 
the  iubperln«ieal  ilssuc.    p.  Fibrous  layer  of  the  perlos-  Shruaken  cartllaee-cella 

lenm.    o.  Layer  of  oateoblaata.    im,  SubpeHoatj^al  bony  toiofn*  Klein  and  Noble 

depOHlt.  (From  Quatn'i  Atulioms.S.  A.  Scbiler.l 

or  medullary  spaces  (Miiller).  Id  these  secondary  spaces  the  original  cartilage- 
cells  disappear,  and  their  cavities  become  filled  with  embryonic  marrow,  consisting 
of  osteoblasts  and  vessels,  and  derived,  at  all  events  in  part,  in  the  manner 
described  above,  from  the  osteogenetic  layer  of  the  periosteum  (Fig.  33).  What 
becomes  of  the  cartilage-cells  is  not  finally  determined.  By  most  hiatologists  they 
are  believed  to  be  converted,  after  division,  into  osteoblasts,  and  so  assist  in  form- 
ing the  embryonic  marrow.  Others,  on  the  other  hand,  believe  that  they  are 
simply  absorbed  and  take  no  part  in  the  formation  of  hone. 

Thus  far,  then,  we  have  got  enlarged  spaces  (secondary  areolae),  the  walls  of 
which  are  Still  formed  by  calcified  cartilage-matrix,  containing  an  embryonic 
marrow,  derived  from  the  processes  sent  in  from  the  osteogenetic  layer  of  the  peri- 
netenm,  and  consisting  of  blood-vessels  and  round  cells,  osteoblasts  (Fig.  33),  some 
of  which  probably  are  derived  from  the  division  of  the  original  cartilage-cells,  which 
have  disappeared.  The  walls  of  these  secondary  areolae  are  at  this  time  of  only 
inconsiderable  thickness,  but  they  now  become  thickened  by  the  deposition  of  lay- 
ers of  new  bone  on  their  interior.  This  process  takes  place  in  the  following 
manner:  Some  of  the  osteoblasts  of  the  embryonic  marrow,  after  undergoing 
rapid  division,  arrange  themselves  as  an  epithelioid  layer  on  the  surface  of  the 
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wall  of  the  space  (Fig.  34).  This  layer  of  osteoblasts  forms  a  bony  stratum, 
and  thus  the  wall  of  the  space  becomes  gradually  covered  with  a  layer  of  trne 
osseous  substance.  On  this  a  second 
layer  of  osteobiasta  arrange  them- 
selves, and  in  their  turn  form  an  os- 
seous layer.  By  the  repetition  of  this 
process  the  original  cavity  becomes 
very  much  reduced  in  size,  and  at  last 
only  remains  b»  a  small  circular  bole 
in  the  centre,  containing  the  remains 
of  the  embryonic  marrow — that  is,  a 
blood-vessel  and  a  few  osteoblasts. 
This  small  cavity  constitutes  the  Ha- 
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versian  canal  of  the  perfectly  ossified  bone.  The  aucceasive  layers  of  c 
matter  which  have  been  laid  down  and  which  encircle  this  central  canal,  consti- 
tute the  lamellae  of  which,  as  we  have  seen,  each  Haversian  system  is  made  up. 
As  the  successive  layers  of  osteoblasts  form  osseous  tissue,  certain  of  the  osteo- 
blastic cells  remain  included  between  the  various  bony  layers.  These  continue 
persistent,  and  remain  as  the  corpuscles  of  the  future  bone,  the  spaces  enclosing 
them  forming  the  lacunx  (^'g-  ^^)-  1'tie  mode  of  the  formation  of  the  canaliculi 
is  not  known. 

Such  are  the  changes  which  may  be  observed  at  one  particular  point,  the  centre 
of  ossification.  While  they  have  been  going  on  here  a  similar  process  has  been 
proceeding  in  the  same  manner  toward  the  end  of  the  shaft,  so  that  in  the  ossify- 
ing bone  all  the  changes  described  above  may  he  seen  in  diiferent  parts,  from  the 
true  bone  in  the  centre  of  the  shaft  to  the  hyaline  cartilage  at  the  extremities. 
The  bone  thus  formed  differs  from  the  bone  of  the  adult  in  being  more  spongy  and 
less  regularly  lamellated. 

Thus  far,  then,  we  have  followed  the  steps  of  a  process  by  which  a  solid  bony 
mass  is  produced,  having  vessels  running  into  it  from  the  periosteum,  Haversian 
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canals  in  which  those  vessels  run,  medullary  spaces  filled  with  foetal  marrow, 
lacunae  with  their  contained  bone-cells,  and  canaliculi  growing  out  of  these 
lacunae. 

This  process  of  ossification,  however,  is  not  the  origin  of  the  whole  of  the 
skeleton,  for  even  in  those  bones  in  which  the  ossification  proceeds  in  a  great 
measure  from  a  single  centre,  situated  in  the  cartilaginous  shaft  of  a  long  bone,  a 
considerable  part  of  the  original  bone  is  formed  by  intramembranous  ossification 
beneath  the  perichondrium  or  periosteum ;  so  that  the  girth  of  the  bone  is  increased 
by  bony  deposit  from  the  deeper  layer  of  this  membrane.  The  shaft  of  the  bone 
is  at  first  solid,  but  a  tube  is  hollowed  out  in  it  by  absorption  around  the  vessels 
passing  into  it^  which  becomes  the  medullary  canal.  This  absorption  is  supposed 
to  be  brought  about  by  large  "  giant-cells,"  which  have  long  been  recognized  as  a 
constituent  of  fcetal  marrow,  and  which  are  believed  by  Kolliker  to  have  the  power 
of  absorbing  or  dissolving  bone,  and  he  has  therefore  named  them  "  osteoclasts  " 
(Fig.  33,  /).  They  vary  in  shape  and  size,  and  are  known  by  containing  a  large 
number  of  clear  nuclei,  sometimes  as  many  as  twenty.  The  occurrence  of  similar 
cells  in  some  tumors  of  bones  has  led  to  such  tumors  being  denominated 
"myeloid." 

As  more  and  more  bone  is  removed  by  this  process  of  absorption  from  the 
interior  of  the  bone  to  form  the  medullary  canal,  so  more  and  more  bone  is 
deposited  on  the  exterior  from  the  periosteum,  until  at  length  the  bone  has  attained 
the  shape  and  size  which  it  is  destined  to  retain  during  adult  life.  As  the  ossifi- 
cation of  the  cartilaginous  shaft  extends  toward  the  articular  ends  it  carries  with 
it,  as  it  were,  a  layer  of  cartilage,  or  the  cartilage  grows  as  it  ossifies,  and  thus  the 
bone  is  increased  in  length.  During  this  period  of  growth  the  articular  end,  or 
epiphysis,  remains  for  some  time  entirely  cartilaginous ;  then  a  bony  centre  appears 
in  it,  and  it  commences  the  same  process  of  intracartilaginous  ossification ;  but 
this  process  never  extends  to  any  great  distance.  The  epiphyses  remain  separated 
from  the  shaft  by  a  narrow  cartilaginous  layer  for  a  definite  time.  This  layer 
ultimately  ossifies,  the  distinction  between  shaft  and  epiphysis  is  obliterated,  and 
the  bone  assumes  its  completed  form  and  shape.  The  same  remarks  also  apply  to 
the  processes  of  bone  which  are  separately  ossified,  such  as  the  trochanters  of  the 
femur.  The  bones,  having  been  formed,  continue  to  grow  until  the  body  has 
acquired  its  full  stature.  They  increase  in  length  by  ossification  continuing  to 
extend  in  the  epiphysial  cartilage,  which  goes  on  growing  in  advance  of  the  ossi- 
fying process.  They  increase  in  circumference  by  deposition  of  new  bone,  from 
the  deeper  layer  of  the  periosteum,  on  their  external  surface,  and  at  the  same 
time  an  absorption  takes  place  from  within,  by  which  the  medullary  cavity  is 
increased. 

The  medullary  spaces  which  characterize  the  cancellous  tissue  are  produced  by 
the  absorption  of  the  original  foetal  bone  in  the  same  way  as  the  original  medul- 
lary canal  is  formed.  The  distinction  between  the  cancellous  and  compact  tissue 
appears  to  depend  essentially  upon  the  extent  to  which  this  process  of  absorption 
has  been  carried ;  and  we  may  perhaps  remind  the  reader  that  in  morbid  states  of 
the  bone  inflammatory  absorption  produces  exactly  the  same  change,  and  converts 
portions  of  bone  naturally  compact  into  cancellous  tissue. 

Intramembranons  Ossification. — The  intramembranous  ossification  is  that  by 
which  the  bones  of  the  vertex  of  the  skull  are  entirely  formed.  In  the  bones 
which  are  so  developed  no  cartilaginous  mould  precedes  the  appearance  of  the 
bone-tissue.  In  the  membrane  which  occupies  the  place  of  the  future  bone,  a  little 
netw^ork  of  bony  spiculae  is  first  noticed,  radiating  from  the  point  of  ossification. 
When  these  rays  (tf  growing  bone  are  examined  by  the  microscope,  they  are  found 
to  consist  of  a  network  of  fine  clear  fibres  and  granular  corpuscles,  with  a  ground- 
substance  between.  The  fibres  are  termed  osteogenic  fibres,  and  soon  become  dark 
and  granular  from  calcification,  and  as  they  calcify  they  are  found  to  enclose  the 
granular  corpuscles  or  "  osteoblasts  *'  (Fig.  36).  The  calcification  not  only  involves 
the  osteogenic  fibres,  but  also  the  ground-substance  of  the  tissue  in  which  they  are 
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contained.     The  corpuscles  at  first  lie  upon  the  osteogenic  fibres,  so  that  they 
can  be  removed  by  brushing  the  specimen  with  a  hair-pencil,  in  order  to  render 

the  fibres  clear ;  but  they  grad- 
ually become  involved  in  the 
ossifying  matrix,  and  form  the 
corpuscles  of  the  future  bone, 
the  spaces  in  which  they  are 
enclosed  constituting  the  la- 
cunae. As  the  tissue  increases 
in  thickness,  vessels  shoot  into 
it,  grooTJng  for  themselves 
spaces  or  channels,  which  be- 
come the  Haversian  canals. 
Thus,  the  intramembranous 
and  intracartilaginous  processes 
of  ossification  are  similar  Id 
their  more  essential  features. 

The  number  of  ossific  cen- 
tres   is   difierent    in    difierent 
,       ^       ^       ,     _  bones.     In  most  of  the  short 

Pre.  36,— OatcihlasiB  rnim  the  parietal  bone  of  a  human  em-       ,  ■  r      .  ■ 
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and  proceeds  toward  the  cir- 
cumference. In  the  long  bones  there  is  a  central  point  of  ossification  for  the 
shaft  or  diaphysis;  and  one  or  more  for  each  extremity,  the  epiphysis.  That 
for  the  shaft  is  the  first  to  appear.  The  union  of  the  epiphyses  with  the  shaft 
takes  place  in  the  reverse  order  to  that  in  which  their  ossification  began,  and 
appears  to  be  regulated  by  the  direction  of  the  nutrient  artery  of  the  bone.  Thus, 
the  nutrient  arteries  of  the  bones  of  the  arm  and  fore-arm  are  directed  toward  the 
elbow,  and  the  epiphyses  of  the  bones  forming  this  joint  become  united  to  the 
shaft  before  those  at  the  opposite  extremity.  In  the  lower  limh,  on  the  other 
hand,  the  nutrient  arteries  pass  in  a  direction  from  the  knee :  that  is,  upward  in 
the  femur,  downward  in  the  tibia  and  fibula;  and  in  them  it  is  observed  that  the 
upper  epiphysis  of  the  femur,  and  the  lower  epiphysis  of  the  tibia  and  fibula, 
become  first  united  to  the  shaft.  , 

Where  there  is  only  one  epiphysis,  the  medullary  artery  is  directed  toward 
that  end  of  the  bone  where  there  is  no  additional  centre,  as  toward  the  acromial 
end  of  the  clavicle,  toward  the  distal  end  of  the  metacarpal  bone  of  the  thumb 
and  great  toe,  and  toward  the  proximal  end  of  the  other  metacarpal  and  meta- 
tarsal bones. 

Besides  these  epiphyses  for  the  articular  ends,  there  are  others  for  projecting 
parts  or  processes,  which  are  formed  separately  from  the  hulk  of  the  hone.  For 
an  account  of  these  the  reader  must  he  referred  to  the  description  of  the  individual 
hones  in  the  sequel. 

A  knowledge  of  the  exact  periods  when  the  epiphyses  become  joined  to  the 
shaft  is  often  of  great  importance  in  medico-legal  inquiries.  It  also  aids  the  sur- 
geon in  the  diagnosis  of  many  of  the  injuries  to  whicn  the  joints  are  liable ;  for  it 
not  infrequently  happens  that,  on  the  application  of  severe  force  to  a  joint,  the 
epiphysis  becomes  separated  from  the  shaft,  and  such  injuries  may  he  mistaken  for 
fracture  or  dislocation. 

MUSCULAR  TISSUE. 

The  moBcles  are  formed  of  bundles  of  reddish  fibres,  endowed  with  the  property 
of  contractility.  Two  kinds  of  muscular  tissue  are  found  in  the  animal  body — viz. 
that  of  voluntary  or  animal  life,  and  that  of  involuntary  or  organic  life.  The 
muscles  of  animal  life  (striped  muscles)  are  capable  of  being  put  in  action  and 
controlled   by  the   will.     They  are  composed  of  bundles  of  fibres  enclosed  in  a 
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delicate  web  called  the  "interual  perimysium,"  in  contradistiaction  to  the  sheath 
of  areolar  tissue  which  invests  the  entire  muscle,  the  "external  perimysium." 
The  bundles  are  termed  "fasciculi ; "  they  are  priamatic  in  shape,  of  different 
sizes  in  different  muscles,  and  for  the  most  part  placed  parallel  to  one  another, 
though  they  have  a  tendency  to  converge  toward  their  tendinous  attachments. 
Each  fasciculus  is  made  up  of  a  bundle  of  fibrei,  which  also  run  parallel  with  each 
other,  and  which  are  separated  from  one  another  by 
a  delicate  connective  tissue  derived  from  the  peri- 
mysinm,  and  termed  endomysium  (Fig.  37). 

A  muscular  fihre  may  be  said  to  consist  of  a  soft 
contractile  substance  enclosed  in  a  tubular  sheath, 
name<l  by  Bowman  the  aarcolemma.  The  fibres  are 
cylindrical  or  prismatic  in  shape,  and  are  of  no  great 
length,  not  extending,  it  is  said,  further  than  an  inch 
and  a  half.  They  end  either  by  blending  with  the 
tendon  or  aponeurosis,  or  else  by  becoming  drawn 
out  into  a  tapering  extremity  which  is  connected  to 
the  neighboring  fibre  by  means  of  the  sarcolemma. 
Their  breadth  varies  in  man  from  -^^  to  -rj^j  of  an 

inch,  the   average   of  the   majority  being   alout  ■^.  Fi.,,37._T™mver,e«cllonfrom 

As    a    rule,  the    fibres  do    not    divide    or    anastomose;       theBterao-maslolil  in  man.    Magnl- 

but  occasionally,  especially  in  the  tongue  and  facial     jom.    ^™RiaclcuiM. '"'  ?Qtemiii 
muscles,  the  fibres  may  be  seen  to  divide  into  several     pe''™^"''™-  <'•  ^'*"e- 
branches.     The  precise  mode  in  which  the  muscular 

fibre  joins  the  tendon  has  been  variously  described  by  different  observers.  It 
may,  perhaps,  be  sufficient  to  say  that  the  sarcolemma,  or  membranous  investment 
of  the  muscular  fibre,  appears  to  become  blended  with  the  tissue  of  the  tendon. 
snd  prolonged  more  or  less  into  the  tendon,  so  that  the  latter  forms  a  kind  of 
sheath  around  the  fibre  for  a  longer  or  shorter  distance.  When  muscular  fibres 
are  attached  to  the  skin  or  mucous  membranes,  their  fibres  are  described  by  Hyde 
Salter  as  becoming  continuous  with  those  of  the  areolar  tissue. 

The  sarcolemma,  or  tubular  sheath  of  the  fibre,  is  a  transparent,  elastic,  and 
apparently  homogeneous  membrane  of  considerable  toughness,  so  that  it  will  some- 
times remain  entire  when  the  included  substance  is  ruptured  (see  Fig.  38).  On 
the  internal  surface  of  the  sarcolemma  in  mammalia,  and  also  in  the  substance  of 
the  fibre  in  the  lower  animals,  elongated  nuclei  are  seen  (Fig.  55),  and  in  connec- 
lion  with  these  a  row  of  granules,  apparently  fatty,  is  sometimes  observed. 

Upon  examination  of  a  muscular  fibre  by  transmitted  light  under  a  sufficiently 
high  power,  it  is  found  to  be  apparently  marked  by  alternate  light  and  dark  bands 
or  strife,  which  pass  transversely,  or  somewhat  obliquely,  round  the  fibre  (Fig.  38), 
The  dark  and  light  bands  are  of  nearly  equal  breadth,  and  alternate  with  great 
regularity.  They  vary  in  breadth  from  about  the  Winr  '•°  '^^  TVffff  "^  *■*  'Dch. 
Other  striie  pass  longitudinally  over  the  fibres,  thougn  they  are  less  distinct  than 
the  former.  This  longitudinal  striation  gives  the  fibre  the  appearance  of  being 
made  up  of  a  bundle  of  fibrillae.  The  muscular  fibre  can  be  broken  up  either  in 
■  longitudinal  or  transverse  direction  (Fig.  39).  If  hardened  in  alcohol,  it  can  be 
broken  up  longitudinally,  and  forms  the  so-called  fibrillse  of  which  some  suppose 
the  fibre  to  be  made  up.  Each  fibril  is  marked  by  transverse  stride,  and  appears 
to  consist  of  a  single  row  of  minute  quadrangular  particles,  named  "  sareouH 
elements"  by  Bowman.  A  still  further  division,  however,  is  capable  of  being 
made,  and  each  of  these  fibrillae  may  be  divided  into  minute  threads  (Fig.  40,  b,  d). 
i^tosisting  of  an  alternate  dark  and  light  spot.  After  exposure  to  the  action  of 
dilute  hydrochloric  acid,  the  muscular  fibre  can  be  broken  transversely  (Fig.  39, 
b).  It  then  forms  disks  or  plates,  consisting  of  the  same  quadrangular  particles, 
attached  by  their  lateral  surfaces. 

Upon  closer  examination  with  a  very  high  power  the  appearances  become 
more  complicated  and  are  susceptible  of  various  interpretations.     The  transverse 
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etriation,  which  in  Figs.  38  and  39  appears  as  a  mere  alternation  of  dark  and  light 
bands,  is  resolved  into  the  appearance  shown  in  Fig.  40,  which  shows  a  series  of 
broad  dark  bands,  separated  by  a  light  band,  which  is  itself  divided  into  two  bj  a 
dark  streak.  This  streak  is  termed  Krause's  membrane;  it  is  continuous  at  each 
end  with  the  sarcolemma  investing  the  muscular  fibre.  Thus  it  may  be  said  that 
the  fibre  is  divided  into  a  number  of  transverse  compartments  by  this  membrane, 
each  compartment  containing  in  the  centre  a  dark  plate  with  a  bright  border 
above  and  below ;  that  is  to  say,  between  the  dark  central  part  and  the  membrane 
of  Krause.  A  muscular  fibre  presents,  then,  the  appearance  of  the  following 
layers  in  regular  alternation :  a  dark  layer,  the  tranxverae  disk;  a  bright  trans- 
parent layer,  the  lateral  disk ;  a  dark  line,  the  intermediate  disk  or  membrane  of 
Krause ;  then  another  lateral  disk,  a  transverse  disk,  and  so  on  (Figs.  40  and  41). 
This  appearance,  following  the  observations  of  Rollett,  is  due  to  the  mode  of  for- 
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mation  of  a  muscular  fibre,  which  is  made  up  of  two  principal  parts :  1,  fihrillBe  ; 
and  2,  a  hyaline  or  faintly  granular  substance,  resembling  protoplasm,  and  called 
sarcoplasm.  The  fibrillK  are  arranged  in  bundles  called  muscular  columns  or  sar- 
costyles,  and  these  again  in  larger  groups,  which,  collected  together,  form  the 
fibre.  The  fibrillae  are  surrounded  by  the  sarcoplasm,  which  surrounds  also  the 
columns  and  groups  of  columns,  being  in  these  latter  situations  greater  in  amount 
than  between  the  fibrilljB.  So  that  on  transvei-se  section  a  muscular  fibre  is  seen 
to  be  divided  into  a  number  of  areas,  called  the  areas  of  Cohnheim,  more  or  less 
polyhedral  in  shape,  and  consisting  of  the  columns  of  fibrillje  surrounded  by  trans- 
parent series  of  sarcoplasm.  And  these  areas  are  collected  into  larger  or  smaller 
roups,  which  in  the  same  manner  are  surrounded  by  transparent  sarcoplasm. 
Jach  area  of  Cohnheim  presents  a  granular  appearance  due  to  the  cross-section  of  its 
constituent  fibrillfe,  surrounded  by  a  small  amount  of  the  hyaline  sarcoplasm.  The 
fibrillie  extend  throughout  the  whole  length  of,  and  are  parallel  to,  the  long  axis  of 
the  muscular  fibre.  They  present  the  following  appearances  in  regular  alternation : 
(1)  a  dim  prismatic  or  rod-shaped  element,  the  sarcous  dement  of  Bowman ;  (2)  a 
thin  bridge,  which  joins  the  sarcous  element  to  (3)  a  dark  granule.     Then  again 
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another  thin  bridge  joining  the  same  granule  to  the  next  sarcous  element,  and  so 
on.  When  these  fibrillse  are  collected  together  into  columns,  and  the  columns  into 
muscular  fibres,  the  appearance  mentioned  above  ia  produced.  The  sarcoua  ele- 
ments, when  arranged  side  bj  side  and  almost  touching  each  other,  with  very 
little  earcoplasm  between  them,  represent  the  transverse  disk.  The  bridges,  being 
much  thinner  than  the  sarcous  element  or  the  dark  granules,  have  between  each 
other  a  much  larger  amount  of  sarcoplasm,  and  this  gives  to  this  part  the  trans- 
parent appearance  of  the  lateral  disk.  And,  lastly,  the  granules  joined  edge  to 
edge  in  a  row  present  the  appearance  of  a  membrane,  which  represents  the  inter- 
mediate disk. 

On  the  muscular  fibre,  immediately  beneath  the  sarcolemma,  the  sarcoplaam 
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becomes  here  and  there  collected  into  small,  plate-like  masses.  They  contain  oval 
nuclei,  and  are  termed  "muacle-corpuscles."  Finally,  in  the  centre  of  each 
sarcoDB  element  a  transparent  lighter  band  can  sometimes  be  discerned;  this  is 
known  as  the  median  disk  of  Hensen,  and  is  due  to  the  substance  of  the  sarcoua 
elements  being  here  thinner. 

This  form  of  muscular  fibre  composes  the  whole  of  the  voluntary  muscles,  all 
ihe  muscles  of  the  ear,  those  of  the  larnyx,  pharynx,  tongue,  the  upper  half  of  the 
oesophagus,  the  heart,  and  the  walls  of"  the  large  veins  at  the  point  where  they 
open  into  it.  The  fibres  of  the  heart,  however,  diflfer  very  remarkably  from  those 
of  other  striped  muscles.  They  are  smaller  by  one-third,  and  their  transverse 
itrite  are  by  no  means  SO  distinct.  The  fibres  are  made  up  of  distinct  quadran- 
gular cells  joined  end  to  end  (Fig.  42).  Each  cell  contains  a  clear  oval  nucleus, 
situated  near  the  centre  of  the  cell.  The  extremities  of  the  cells  have  a  tendency 
lo  branch  or  divide,  the  subdivisions  uniting  with  ofi'sets  from  other  cells,  and 
thns  producing  an  anastomosis  of  the  fibres  (Fig.  42).  The  connective  tissue 
between  the  bundles  of  fibres  is  much  less  than  in  ordinary  striped  muscle,  and 
no  sarcolemma  has  been  proved  to  exist. 

The  capiJlariee  of  striped  muacle  are  very  abundant,  and  form  a  sort  of  rect- 
angular network,  the  branches  of  which  run  longitudinally  in  the  edomysium 
between  the  muscular  fibres,  and  are  joined  at  short  intervals  by  transverse 
anastomosing  branches.     The  larger  vascular  channels,  arteries  and  veins,  are 
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foand  only  in  the  perimysium,  between  the  muscular  fasciculi.     The  smaller  ves- 
sels present  peculiar  saccular  dilatations,  which  are  supposed  to  act  as  receptacles 
for  the  blood  during  the  contraction  of  the  muscular 
fibres,  when  it  is  pressed  out  from  some  of  the  capil- 
laries. 

Nerves  are  profusely  distributed  to  striped 
muscle.  The  mode  of  their  termination  will  be 
described  on  a  subsequent  page. 

The  existence  of  lymphatic  vessels  in  striped 
muscle  has  not  been  ascertained,  though  they  have 
been  found  in  tendons  and  in  the  slieath  of  the 
muscle. 

The  uneMped  muscle,  or  muscle  of  organic  Ufo,  is 
found  in  the  walls  of  the  hollow  viscera  —  viz.  the 
lower  half  of  the  oesophagus  and  the  whole  of  the 
remainder  of  the  gastro-intestinal  tube  ;  in  the  trachea 
and  bronchi,  and  the  alveoli  and  infundibula  of  the 
lungs;  in  the  gall-bladder  and  ductus  communis 
choTedochus ;  in  the  large  ducts  of  the  salivary  and 
pancreatic  glands ;  in  the  pelvis  and  calices  of  the 
kidney,  the  ureter,  bladder,  and  urethra;  in  the 
grammsiicaUy,  female  sexual  organs — viz.  the  ovary,  the  Fallopian 

tubes,  the  uterus  (enormously  developed  in  preg- 
nancy), the  vagina,  the  broad  ligaments,  and  the  erectile  tissue  of  the  clitoris;  in 
the  male  sexual  organs — viz.  the  dartos  scroti,  the  vas  deferens  and  epididymis, 
the  veaiculic  seminales,  the  prostate  gland,  and  the  corpora  cavernosa  and  corpus 
spongiosum ;  in  the  ducts  of  certain  glands,  as  in  Wharton's  duet ;  in  the  cap.sule 
and  trabeculie  of  the  spleen;  in  the  mucous  membranes,  forming  the  niuscularis 
mucos:e:  in  the  skin,  forming  the  arrectores  pilorum,  and  also  in  the  sweat- 
glands;  in  the  arteries,  veins,  and  lymphatics;  in  the  iris  and  the  ciliary  muscle. 
Plain  or  unstriped  muscular  fibre  is  made  up  of  spindle-shaped  cells,  called 
contractile  fibre-celh,  collected  into  bundles  and  held  together  by  a  cement-sub- 
stance, in  which  are  contained  some  connective-tissue  corpuscles  (Fig.  43).  These 
bundles  are  further  aggregated  into  larger  bundles  or  flattened  bands,  and  bound 
together  by  ordinary  connective  tissue. 

The  contractile  fibre-cells  (Fig.  44)  are  elongated,  spindle-shaped,  nucleated 
cells  of  various  lengths,  averaging  from  ^^  to  -j-Jtj-  of  an  inch  in  length,  and  ^j^ 
to  fl  Aft  of  an  inch  in  breadth.  On  transverse  section  they  are  more  or  less  poly- 
hedral in  shape,  from  mutual  pressure.  They  present  a  mintly  longitudinal  stri- 
ated appearance,  and  consist  of  an  elastic  cell-wall  containing  a  central  bundle  of 
fibrillx,  representing  the  contractile  substance,  and  an  oval  or  rod-like  nucleus, 
which  includes,  within  a  membrane,  a  fine  network  communicating  at  the  poles 
of  the  nucleus  with  the  contractile  fibres  (Klein),  The  adhesive  interstitial  sub- 
stance, which  connects  the  fibre-cells  together,  represents  the  endomysium,  or  del- 
icate connective  tissue  which  binds  the  fibres  of  striped  muscular  tissue  into  fas- 
ciculi; while  the  tissue  connecting  the  individual  bundles  together  represents  the 
perimysium.  The  unstriped  muscle,  as  a  rule,  is  not  under  the  control  of  the  will, 
nor  is  the  contraction  rapid  and  involving  the  whole  muscle,  as  is  the  case  with  the 
muscles  of  animal  life.  The  membranes  which  are  composed  of  the  unstriped 
muscle  slowly  contract  in  a  part  of  their  extent,  generally  under  the  influence  of 
a  mechanical  stimulus,  as  that  of  distension  or  of  cold ;  and  then  the  contracted 
part  slowly  relaxes  while  another  portion  of  the  membrane  takes  up  the  contrac- 
tion. This  peculiarity  of  action  is  most  strongly  marked  in  the  intestines,  con- 
stituting their  vermicular  motion. 

Chemical  Oomposition  of  Huscle. — In  chemical  composition  the  muscular  fibres 
of  both  forms  consist  mainly  of  a  proteid  substance — myosin — which  Dr.  M.  Foster 
speaks  of  as  intermediate  between  fibrin  and  globulin.     It  is  readily  converted  by 
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the  action  of  dilute  acids  into  syntonin  or  acid-albumen,  and  by  the  action  of 
dilute  alkalies  into  alkali-albumen.     Muscle,  which  is  neutral  or  slightly  alkaline 
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Fig.  4S.--Non-«triated  elementary  fibres 
finom  the  human  colon,  a.  Treated  with 
acetic  aeid,  showing  the  corpuscles,  b. 
Frannent  of  a  detached  fibre,  not  touched 
witn  acid. 


Fig.  44.— Muscular  fibre-cells  from  human 
arteries.  1.  Ftom  the  popliteal  artery.  ▲. 
without ;  B.  with  acetic  acid.  2.  From  a 
branch  of  the  anterior  tibial,  a.  Nuclei  of 
the  fibres.    Magnified  350  times. 


in  reaction  when  at  rest,  is  rendered  acid  by  contraction,  from  the  development 
probably  of  sarcolactic  acid.  After  death  muscle  also  exhibits  an  acid  reaction, 
but  this  appears  to  be  due  to  post-mortem  change. 


NERVOUS   TISSUE. 

The  nervous  tissues  of  the  body  are  comprised  in  two  great  systems — the 
cerebrospinal  and  the  sympathetic ;  and  each  of  these  systems  consist  of  a  central 
organ^  or  series  of  central  organs,  and  of  nerves. 

The  cerebro'»pinal  system  comprises  the  brain  (including  the  medulla  oblongata), 
the  spinal  cord,  the  cranial  nerves,  the  spinal  nerves,  and  the  ganglia  connected 
with  both  these  classes  of  nerves.  The  sympathetic  system  consists  of  a  double 
chain  of  ganglia,  with  the  nerves  which  go  to  and  come  from  them.  It  is  not 
directly  connected  with  the  brain  or  spinal  cord,  though  it  is  so  indirectly  by 
means  of  its  numerous  communications  with  the  cranial  and  spinal  nerves. 

All  these  nervous  tissues  are  composed  chiefly  of  two  difierent  structures — the 
gray  or  vesicular^  and  the  white  or  fibrous.  It  is  in  the  former,  as  is  generally 
supposed,  that  nervous  impressions  and  impulses  originate,  and  by  the  latter  that 
they  are  conducted.  Hence  the  gray  matter  forms  the  essential  constituent  of  all 
the  ganglionic  centres,  both  those  in  the  isolated  ganglia  and  those  aggregated  in 
the  cerebro-spinal  axis ;  while  the  white  matter  is  found  in  all  the  commissural 
portions  of  the  nerve-centres  and  in  all  the  cerebro-spinal  nerves.  The  nerves  of 
the  sympathetic  system  are  chiefly  composed  of  «.  somewhat  different  material  in 
structure,  which  is  named  gray  or  gelatinous  nerve-fibre.  This  form  of  nerve-fibre 
is  also  found  in  some  of  the  cerebro-spinal  nerves. 

The  gray  or  vesicular  nervous  substance  is  distinguished  by  its  dark  reddish- 
gray  color  and  soft  consistence.  It  is  found  in  the  brain,  spinal  cord,  and  various 
ganglia,  intermingled  with  the  fibrous  nervous  substance,  and  also  in  some  of  the 
nerves  of  special  sense,  and  in  gangliform  enlargements  which  are  found  here  and 
there  in  the  course  of  certain  cerebro-spinal  nerves.  It  is  composed,  as  its  name 
implies,  of  vesicles,  or  corpuscles,  commonly  called  nerve-cells  or  ganglion-corpuscles^ 
containing  nuclei  and  nucleoli ;  the  vesicles,  together  with  the  blood-vessels,  in  the 
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vesicular  ne rye-substance,  and  the  nerve-fibrea  and  vesaels  in  the  white  nerve- 
substance,  are  imbedded  in  a  peculiar  ground-substance,  which  was  regarded  bj 
Kolliker  a&  a  modified  form  of  retiform  connecti*e  tissue.  It  was  named  by 
Virchow  neuroglia,  and  consists  of  large  branched  cells,  the  branches  passing  in 
every  direction  among  the  nerve-tissue,  thus  holding  it  and  binding  it  together. 
It  is  developed  from  the  epiblaat,  and  contains  neither  the  characteristic  fibres  nor 
cells  of  connective  tissue,  and  therefore  cannot  be  regarded  as  belonging  to  the  true 
connective  tissues.  Each  uerve-cell  consists  of  a  finely  granular  protoplasmic  mate- 
rial, of  a  reddish  or  yellowish-brown  color,  which  occasionally  presents  patches  of 
a  deeper  tint,  caused  hy  the  aggregation  of  pigment-granules  (Fig.  45).     No  dis- 
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Feci.  4.'i.— Nerve-vesicles  from  th( 
gangUon  of  the  humaii  Biibjerl.  a. 
one  with  defined  border,  b.  Its  iiucl 
nucleolus,  d.  Caudate  vrslcle.  e. 
vesicle  with  two  groups  of  pl^nnent-ii 
Vesicle  Burroiiiided  by  Its  sheath  or 
uucleftled  partlclea.  g.  The  ssme, 
only  beliiK  lu  focus.    Miignlfled  300  dli 


Fio.  46.— Nerve-Tealcles  ftom 
Btlerof  theconvotutions  of  thenuo 
0  times.    Nerve-cells:    a.  Larger. 
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tinct  limiting  membrane  or  cell- wall  has  been  ascertained  to  exist.  The  nucleus  is, 
as  a  rule,  a  large,  well-defined,  round,  vesicular  body,  often  presenting  an  intra- 
nuclear network,  and  containing  a  nucleolus  which  is  peculiarly  clear  and  brilliant. 
The  nerve-corpuscles  vary  in  shape  and  size;  some  are  small,  spherical  or  ovoid, 
with  generally  an  even  outline,  such  as  those  frequently  found  in  the  spinal  ganglia; 
others  are  more  or  less  angular,  as  in  the  ganglia  of  the  sympathetic;  others, 
again,  are  caudate  or  stellate  in  shape,  and  are  characterized  by  their  large  size 
and  by  their  having  one  or  more  tail-like  processes  issuing  from  them,  which  occa- 
sionally divide  and  subdivide  into  numerous  branches  (Fig.  46).  These  are  found 
in  greatest  number  in  the  gray  matter  of  the  spinal  cord.  Still  others  are  fiask- 
shaped,  as  in  the  cortex  of  the  cerebellum ;  or  conical,  as  in  the  cerebral  convolu- 
tions. For  the  most  part  nerve-cells  ha\'e  one  or  more  processes,  and  they  are 
distinguished  bv  the  number  of  these  processes,  as  unipolar,  bipolar,  or  mul- 
tipolar cells,  'fhese  processes  are  very  delicate,  apparently  tubular,  and  contain  a 
similar  granular  material  to  that  found  within  the  corpuscle.  Some  of  the  pro- 
cesses terminate  in  fine,  transparent  fibres,  which  become  lost  among  the  other 
elements  of  the  nervous  tissue;  others  may  be  traced  until,  after  losing  their 
granular  appearance,  they  become  continuous  with  an  ordinary  nerve-fibre. 

The  white  or  flbroos  nerve-substance  or  nerve-fibre  is  found  universally  in  the 
nervous  cords,  and  also  constitutes  a  great  part  of  the  brain  and  spinal  cord.  The 
fibres  of  which  it  consists  are  of  two  kinds,  the  meduUated  or  white  fibres,  and 
the  non-medulloted  or  grai/  fibres. 

The  medullated  fibres  form  the  white  part  of  the  brain  and  spinal  cord,  and 
also  the  greater  part  of  the  cerebro-spinal  nerves,  and  give  to  these  structures 
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their  opaque,  white  aspect.  When  perfectly  fresh  they  appear  to  be  homo- 
geneooB ;  but  soon  after  removal  from  tbe  body  they  present,  when  exam- 
ined by  transmitted  light,  a  double  outline  or  con- 
tour, afi  if  consisting  of  two  parts.  The  central 
portion  is  named  the  axie-cylinder  of  Purkivje ; 
around  this  is  a  sort  of  sheath  of  fatty  material, 
named  the  white  substance  of  Schwann,  which  gives 
to  the  fibre  its  double  contour,  and  the  whole  is  en- 
closed in  a  delicate  membrane,  the  neurilemma,^ 
primitive  sheatk,  or  nucleated  sheath  of  Schwann 
(Fig.  47). 

The  axis-cylinder  is  the  essential  part  of  the 
nerve-fibre,  and  is  always  present ;  the  other  parts, 
the  medullary  sheath  and  the  neurilemma,  being 
occasionally  absent,  especially  at  the  origin   and 
termination  of  the  nerve-fibre.     It  undergoes  no 
interruption  from  its  origin  in  the  nerve-centre  to 
its  peripheral  termination,  and  must  be  regarded 
as  a  direct  prolongation  of  a  nerve-cell.     It  con- 
stitutes about  one-half  or  one-third  of  the  nerve- 
tube,  the  white  substance  being  greater  in  propor- 
tion in  the  nerves  than  in  the  central  organs.    It  is 
perfectly   transparent,    and   is   therefore   indistin- 
guishable in  a  perfectly  fresh  and  natural  state  of 
the  nerve.     It  is  described  by  Kolliker  as  being 
distinguished   irom   the   white    substance   by   the 
&ct  that,  though   soft   and  flexible,  it  is  not   fluid  and  viscid,  hut   firm   and 
elastic,  somewhat  like  coagulated  albumen,  with  which  it  appears  for  the  most 
part   also  to  agree  in  its  chemical  characters.     When  examined  under  a  high 
power  it  presents  the  appearance  of  longitudinal  striation,  as  if  composed  of 
very  fine,  homogeneous  fibrillse,  held  together  in  a  faintly  granular  interstitial 
material.      Occasionally   at   its   termination    the   axis-cylinder   of  a  fibre   may 
be  seen  to  break  up  into  exceedingly  fine  fibrillee,  confirming  the  view  of  its 
fibrillar   structure.     These  fibrillaa   nave    been  termed   the  primitive  fibrillrs   of 
Schultze.     The  axis-cylinder  is  said  to  be  enveloped  in  a  very  delicate,  hyaline 
sheath,  which  separates  it  from  the  white  matter  of  Schwann.     The  medullary 
sheath  or  white  matter  of  Schwann  is  regarded  as  being  a  fatty  matter  in  a  fluid 
state,  which  insulates  and  protects  the  essential  part  of  the  nerve — the  axis-cylinder. 
The  white  matter  varies  in  thickness  to  a  very  considerable  extent,  in  some  forming 
a  layer  of  extreme  thinness,  so  as  to  be  scarcely  distinguishable,  in  others  forming 
■bout  one-half  the  nerve-tube.     The  size  of  the  nerve-fibres,  which  varies  from 
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raW  ***  ToVr  "^  *"  inch,  depends  mainly  upon  the  amount  of  the  white  a 
though  the  axis-cylinder  also  varies  in  size  within  certain  limits.  The  white  matter 
of  Schwann  does  not  always  form  a  continuous  sheath  to  the  axis-cylinder,  but 
undergoes  interruptions  in  its  continuity  at  regular  intervals,  giving  to  the  fibre 
the  appearance  of  constriction  at  these  points.  These  were  first  described  by  Ran- 
vier,  and  are  known  as  the  nodes 
of  Ranvier  (Fig.  48).  The  por- 
tion of  nerve-fibre  between  two 
nodes  is  called  an  intemodal  seg- 
ment. The  neurilemma  or  prim-  • 
mve  sheath  is  not  interruptea  at  viewed  rmm  nbove, 
the  nodes,  but  passes  over  them  ISStt^'l^cB  ftom'^m 
IS  a  continuous  membrane.  Each  l^ijj'i  "'  sciiwam 
intemodal  segment  contains  an 

rilenima"  la  uaed  to  designate  the  Gbroua  envelope  of 
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oval  nucleus  imbedded  in  the  medullary  slieatli,  and  occasionally  more  than  one 
nucleus  may  be  seen  in  the  same  internode.  Medullated  nerve-fibres,  when 
examined  frequently  present  a  beaded  or  varicose  appearance:  this  is  due  to 
manipulation  and  pressure  causing  the  oily  matter  to  collect  into  drops,  and  in 
consequence  of  the  extreme  delicacy  of  the  primitive  sheath,  even  slight  pressure 
will  cause  the  transudation  of  the  fatty  matter,  which  collects  as  drops  of  oil 
outside  the  membrane.  This  is,  of  course,  promoted  by  the  action  of  ether 
(K^  49). 

The  neurilemma  or  primitive  sheath  (sometimes  called  the  tubular  membrane  or 
sheath  of  Schwann)  presents  the  appearance  of  a  delicate,  structureless  membrane. 
Here  and  there  beneath  it,  and  situated  in  depressions  in  the  white  matter  of 
Schwann,  are  nuclei  surrounded 
bv  a  small  amount  of  protoplasm. 
The  nuclei  are  oval  and  somewhat 
flattened,  and  bear  a  definite  rela- 
tion to  the  nodes  of  Ranvier ;  one 
nucleus  generally  lying  in  the 
centre  of  each  node,  though  in 
some  few  instances  two  nuclei 
may  be  found  in  the  same  node. 
Non-medullated  Fibres. — Most 
of  the  nerves  of  the  sympathetic 
system,  and  some  of  the  cerebro- 
spinal (see  especially  the  descrip- 
tion of  the  olfactory  nerve),  con- 
sist of  another  variety  of  nervous 
fibres,  which  are  called  the  gray 
or  gelatinous  nerve-fibres — fibres 
of  Remak  (Fig.  50).  These  con- 
sist of  a  bundle  of  finely  striated 
fibrillfe  enclosed  in  a  sheath. 
Nuclei  may  be  detected  at  inter- 
vals in  each  fibre,  situated  be- 
tween the  axis-cylinder  and  the 
neurilemma.  In  external  appear- 
ance the  gelatinous  nerves  are 
semi-transparent  and  gray  or  yellowish-gray.  The  individual  fibres  vary  in  size, 
generally  averaging  about  half  the  size  of  "the  medullated  fibres ;  but,  on  the  one 
hand,  the  primitive  fibrillse  formed  by  the  breaking  up  of  the  cerebro-spinal  fibres, 
aa  above  mentioned,  are  of  hardly  appreciable  thickness;  while,  on  the  other 
hand,  some  of  the  gelatinous  fibres  (especially  those  on  the  olfactory  bulb)  are 
said  to  be  three  or  four  times  aa  thick  as  those  of  the  cerebro-spinal  nerves, 
Cliemical  Composition. — The  different  portions  of  the  nervous  system  are  com- 
posed of  the  two  above-described  kinds  of  nervous  structure,  the  chemical  composi- 
tion of  which  is  shown  by  the  following  analysis,  by  Laasaigne.  which  represents 
the  relative  proportion  of  the  different  constituents  composing  the  gray  and  white 
matter  of  ihe  brain. 
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It  appears  from  this  analysis  that  the  cerebral  substance  consists  of  albumen 
dissolved  in  water,  combined  with  fatty  matter  and  salts.  The  fatty  matters 
consist  of  cerebrin,  neunn,  and  lecithin.     The  two  latter  were  first  described  by 
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Liebreich  as  a  crystalline  phosphuretted  fat,  which  he  termed  protagon.  It  seems 
probable,  however,  that  it  is  simply  a  mixture  of  neurin  and  lecithin.  Choles- 
terine  is  also  described  as  one  of  the  chemical  constituents  of  the  nervous  tissues, 
being  found  in  conjunction  with  lecithin.  The  salts  are  the  phosphates  of  potash, 
soda,  lime,  magnesia,  and  iron,  sulphate  of  potash,  and  chloride  of  sodium,  with 
traces  of  silica.  According  to  Vauquelin,  the  cord  contains  a  larger  proportion 
of  fet  than  the  brain ;  and  according  to  L*H^ritier,  the  nerves  contain  more  albu- 
men and  more  soft  fat  than  the  brain. 

The  nervous  structures  are  divided,  as  before  mentioned,  into  two  great  systems 
— viz.  the  cerebrospinal,  comprising  the  brain  and  spinal  cord,  the  nerves  con- 
nected with  these  structures,  and  the  ganglia  situated  on  them ;  and  the  sympa- 
thetic^  consisting  of  a  double  chain  of  ganglia  and  the  nerves  connected  with  them. 
All  these  structures  require  separate  consideration ;  they  are  composed  of  the  two 
kinds  of  nervous  tissue  above  described,  intermingled  in  various  proportions  and 
having,  in  some  parts,  a  very  intricate  arrangement. 

The  brain  or  encephalon  is  that  part  of  the  cerebro-spinal  system  which  is 
contained  in  the  cavity  of  the  skull.  It  is  divided  into  several  parts,  named  the 
medulla  oblongata,  pons  Varolii,  cerebellum,  and  cerebrum.  In  these  parts  the 
gray  or  vesicular  nervous  matter  is  found  partly  on  the  surface  of  the  brain,  form- 
ing the  convolutions  of  the  cerebrum,  and  partly  in  the  laminae  of  the  cerebellum. 
Again,  gray  matter  is  found  in  the  interior  of  the  brain,  collected  into  large  and 
distinct  masses  or  ganglionic  bodies,  such  as  the  corpus  striatum,  optic  thalamus, 
and  corpora  quadrigemina.  Finally,  gray  matter  is  found  intermingled  intimately 
with  the  white,  but  without  definite  arrangement,  as  in  the  corpora  dentata  of  the 
medulla  and  cerebellum,  or  the  gray  matter  in  the  pons  Varolii  and  the  floor  of 
the  fourth  ventricle. 

The  white  matter  of  the  brain  is  divisible  into  three  distinct  classes  of  fibres. 
These  are,  in  the  first  place,  the  nerves  which  arise  in  the  gray  matter  and  pass 
oat  through  the  cranial  foramina.  Next,  the  fibres  which  connect  the  brain  with 
the  spinal  cord ;  that  is  to  say,  those  which  are  usually  traced  upward  from  the 
columns  of  the  spinal  cord,  through  the  medulla  oblongata  into  the  encephalon, 
chiefly  by  means  of  the  anterior  pyramids,  fasciculi  teretes,  and  restiform  bodies, 
passing  through  the  pons  Varolii  and  crura  cerebri  to  expand  into  the  corpora 
striata,  optic  thalamus,  and  convolutions  {corona  radiata),  and  by  means  of  the 
restiform  bodies  into  the  cerebellum.  The  other  class  of  white  fibres  in  the  brain 
are  commissural,  some  of  the  commissures  serving  to  connect  difierent  parts  of  the 
same  hemisphere  together  (as  the  fornix,  processus  e  cerebello  ad  testes,  etc.),  or 
even  difl*erent  parts  of  the  same  section  or  organ,  as  the  arciform  fibres  of  the 
medulla.  Most  of  these  commissures  are  longitudinal ;  while  others,  as  the  corpus 
callosum  and  the  transverse  fibres  of  the  pons  Varolii,  are  transverse,  serving  to 
connect  opposite  hemispheres  together,  and  thus  probably  securing  the  single 
action  of  a  double  organ. 

The  manner  in  which  the  gray  and  white  matter  are  intermingled  in  the  brain 
and  spinal  cord  is  very  intricate,  and  can  only  be  fully  understood  by  a  careful 
study  of  the  details  of  its  descriptive  anatomy  in  the  sequel.  The  further  consid- 
eration of  this  subject  will  therefore  be  deferred  until  after  the  description  of  the 
various  divisions  of  which  the  cerebro-spinal  system  is  made  up. 

The  nerves  are  round  or  flattened  cords,  formed  of  the  nerve-fibres  already 
described.  They  are  connected  at  one  end  with  the  cerebro-spinal  centre  or  with 
the  ganglia,  and  are  distributed  at  the  other  end  to  the  various  textures  of  the 
body ;  they  are  subdivided  into  two  great  classes — the  cerebro-spinal,  which  pro- 
ceed from  the  cerebro-spinal  axis,  and  the  sympathetic  or  ganglionic  nerves,  which 
proceed  from  the  ganglia  of  the  sympathetic.  The  cerebro-spinal  nerves  consist 
of  numerous  nerve-fibres  collected  together  and  enclosed  in  a  membranous  sheath 
(Fig.  51).  A  small  bundle  of  primitive  fibres,  enclosed  in  a  tubular  sheath,  is 
called  a  funiculus ;  if  the  nerve  is  of  small  size,  it  may  consist  only  of  a  single 
funiculus ;  but  if  large,  the  funiculi  are  collected  together  into  larger  bundles  or 
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fasciculi,  which  are   bound  together  i 
constitute  the  nerve. 
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In  structure  the  common  mem- 
branouB  investment,  or  sheath  of  the 
whole  nerve,  which  is  called  the  epi- 
neurium,  as  well  as  the  septa  given  off 
from  it,  and  which  separate  the  fas- 
ciculi, consists  of  connective  tissue, 
composed  of  white  and  yellow  elastic 
fibres,  the  latter  existing  in  great 
abundance.  The  tubular  sheath  of 
the  funiculi,  called  the  perineurium, 
consists  of  a  fine,  smooth,  transparent 
membrane,  which  may  be  easily  sepa- 
rated, in  the  form  of  a  tube,  from  the 
fibres  it  encloses;  in  structure  it  con- 
sists of  connective  tissue,  which  has  a 
distinctly  lamellar  arrangement,  con- 
sisting of  several  lamellie,  separated 
from  each  other  by  spaces  containing 
lymph.  The  nerve-fibres  are  held  to- 
gether and  supported  within  the  funic- 
uculuB  by  delic&te  connective  tissue, 
called  the  endoneurium.  It  is  con- 
tinuous with  septa  which  pass  inward 
from  the  innermost  layer  of  the  peri- 
neurium, and  consists  of  a  ground-sub- 
stance in  which  are  imbedded  fine  bun- 
dles of  fibrous  connective  tissue  which 
run  for  the  most  part  longitudinally.  It  serves  to  support  the  capillary  vessels, 
which  are  arranged  so  as  to  form  a  network  with  the  elongated  meshes.  The 
cerebro-Bpinal  nerves  consist  almost  exclusively  of  the  medullatcd  nerve-fibres, 
the  non-medu Hated  existing  in  very  small  proportions. 

The  blood-vessels  supplying  a  nerve  terminate  in  a  minute  capillary  plexus, 
the  vessels  composing  which  pierce  the  perineurium  and  run,  for  the  most  part, 
parallel  with  the  fibres ;  they  are  connected  together  by  short,  transverse  vessels, 
forming  narrow,  oblong  meshes,  similar  to  the  capillary  system  of  muscle.  Fine 
non-medu  Hated  nerve-fibres  accompany  these  capillary  vessels,  vaso-motor  fibres, 
and  break  up  into  elementary  fibrils,  which  form  a  network  around  the  vessel. 
Horsley  has  also  recently  demonstrated  certain  medullated  fibres  as  running  in 
the  epineurium  and  terminating  in  tactile  corpuscles  or  end-bulbs  of  Krause,  or 
in  small,  but  perfect.  Pacinian  corpuscles.  These  nerve-fibres,  which  Professor 
Marshall  believes  to  be  sensory,  and  which  he  has  termed  nervi  nervorum,  are 
considered  by  him  to  have  an  important  bearing  upon  certain  neuralgic 
pains. 

The  nerve-fibres,  as  far  as  is  at  present  known,  do  not  coalesce,  but  pursue  an 
uninterrupted  course  from  the  centre  to  the  periphery.  In  separating  a  nerve, 
however,  into  its  component  funiculi,  it  may  be  seen  that  they  do  not  pursue  a 
perfectly  insulated  course,  but  occasionally  join  at  a  very  acute  angle  with  other 
funiculi  proceeding  in  the  same  direction;  from  this,  branches  are  given  off,  to 
join  again  in  like  manner  with  other  funiculi.  It  must  be  remembered,  however, 
that  in  these  communications  the  nerve-fibres  do  not  coalesce,  but  merely  pass 
into  the  sheath  of  the  adjacent  nerve,  become  intermixed  with  its  nerve-fibres, 
and  again  pass  on,  to  become  blended  with  the  nerve-fibres  in  some  adjoining 
funiculus. 

Nerves,  in  their  course,  subdivide  into  branches,  and  these  frequently  com- 
municate with  branches  of  a  neighboring  nerve.     In  the  subdivision  of  a  nerve 
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the  filaments  of  which  it  is  composed  are  continued  from  the  trunk  into  the 
branches,  and  at  their  junction  with  the  branches  of  neighboring  nerves  the 
filaments  pass  to  become  intermixed  with  those  of  the  other  nerves  in  their  further 
progress ;  in  no  instance,  however,  have  the  separate  nerve-fibres  been  shown  to 
inosculate. 

The  communications  which  take  place  between  two  or  more  nerves  form  what 
is  called  a  plexus.  Sometimes  a  plexus  is  formed  by  the  primary  branches  of  the 
trunks  of  tibe  nerves — as  the  cervical,  brachial,  lumbar,  and  sacral  plexuses — and 
occasionally  by  the  terminal  funiculi,  as  in  the  plexuses  foimed  at  the  periphery 
of  the  body.  In  the  formation  of  a  plexus  the  component  nerves  divide,  then 
join,  and  again  subdivide  in  such  a  complex  manner  that  the  individual  funiculi 
become  interlaced  most  intricately ;  so  that  each  branch  leaving  a  plexus  may 
contain  filaments  from  each  of  the  primary  nervous  trunks  which  form  it.  In  the 
formation  also  of  smaller  plexuses  at  the  periphery  of  the  body  there  is  a  free 
interchange  of  the  funiculi  and  primitive  fibres.  In  each  case,  however,  the 
individual  filaments  remain  separate  and  distinct,  and  do  not  inosculate  with  one 
another. 

It  is  probable  that  through  this  interchange  of  fibres  the  different  branches 
passing  off  from  a  plexus  have  a  more  extensive  connection  with  the  spinal  cord 
than  if  they  each  had  proceeded  to  be  distributed  without  such  connection  with 
other  nerves.  Consequently  the  parts  supplied  by  these  nerves  have  more  extended 
relations  w^ith  the  nervous  centres ;  by  this  means,  also,  groups  of  muscles  may  be 
associated  for  combined  action. 

The  sympathetic  nerves  are  constructed  in  the  same  manner  as  the  cerebro- 
spinal nerves,  but  consist  mainly  of  non-medullated  fibres,  collected  into  funiculi, 
and  enclosed  in  a  sheath  of  connective  tissue.  There  is,  however,  in  these  nerves 
a  certain  admixture  of  medullated  fibres,  and  the  amount  varies  in  different 
nerves,  and  may  be  known  by  its  color.  Those  branches  of  the  sympathetic 
which  present  a  well-marked  gray  color  are  composed  more  especially  of  gelatinous 
nerve-fibres,  intermixed  with  a  few  medullated  fibres;  whilst  those  of  a  white 
color  contain  more  of  the  latter  fibres,  and  a  few  of  the  former.  Occasionally, 
the  gray  and  white  cords  run  together  in  a  single  nerve,  without  any  intermixture, 
as  in  the  branches  of  communication  between  the  sympathetic  ganglia  and  the 
spinal  nerves,  or  in  the  communicating  cords  between  the  ganglia. 

The  nerve-fibres,  both  of  the  cerebro-spinal  and  sympathetic  system,  convey 
impressions  of  a  twofold  kind.  The  sensory  nerves,  called  also  centripetal  or 
afferent  nerves,  transmit  to  the  nervous  centres  impressions  made  upon  the 
peripheral  extremities  of  the  nerves,  and  in  this  way  the  mind,  through  the 
medium  of  the  brain,  becomes  conscious  of  external  objects.  The  motor  nerves, 
called  also  centrifugal  or  efferent  nerves,  transmit  impressions  from  the  nervous 
centres  to  the  parts  to  which  the  nerves  are  distributed,  these  impressions  either 
exciting  muscular  contraction,  or  influencing  the  processes  of  nutrition,  growth, 
and  secretion. 

Origin  and  Termination  of  Nerves. — By  the  expression  ^^  the  termination  of 
nerve-fibres "  is  signified  their  connection  with  the  nerve-centres,  and  with  the 
parts  they  supply.  The  former  are  sometimes  called  their  origin^  or  central 
termination ;  the  latter  their  peripheral  termination.  The  origin  in  some  cases  is 
single — ^that  is  to  say,  the  whole  nerve  emerges  from  the  nervous  centre  by  a  single 
root ;  in  other  instances  the  nerve  arises  by  two  or  more  roots,  which  come  off 
from  different  parts  of  the  nerve-centre,  sometimes  widely  apart  from  each  other, 
and  it  often  happens,  when  a  nerve  arises  in  this  way  by  two  roots,  that  the 
functions  of  these  two  roots  are  different ;  as,  for  example,  in  the  spinal  nerves, 
each  of  which  arises  by  two  roots,  the  anterior  of  which  is  motor  and  the  posterior 
sensory.  The  point  where  the  nerve  root  or  roots  emerge  from  the  nervous  centre 
is  named  the  superficial  or  apparent  origin,  but  the  fibres  of  which  the  nerve 
consists  can  be  traced  for  a  certain  distance  into  the  nervous  centre  to  some  por- 
tion of  the  gray  substance,  which  constitutes  the  deep  or  real  origin  of  the  nerve. 
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The  exact  manner  in  which  the  fibres  of  which  the  nerve-root  is  made  up  arise 
at  their  deep  origin  is,  to  a  certain  extent,  uncertain.  But  it  would  appear  prob- 
able that  there  are  two  modes  in  which  they  originate  and  are  connected  with  the 
nerve-cells.  If  the  multipolar  nerve-cells  are  examined,  it  will  be  found  that  one 
at  least  of  their  processes  does  not  branch ;  this  process  is  named  the  axial-cylinder 
process,  and  at  first  has  all  the  characters  of  an  axis-cylinder.  Soon,  however,  it 
acquires  a  medullary  sheath,  and  has  been  traced  to  be  directly  continuous  with  a 
nerve-fibre.  Other  processes  of  a  multipolar  cell  divide  and  subdivide  as  they 
pass  away  from  the  cell,  until  at  last  they  form  branches  of  extreme  tenuity,  and 
form  an  excessively  minute  network.  These  processes  apparently  consist  of  cell- 
protoplasm,  and  are  named  protoplasm  processes.  From  the  network  which  they 
form  minute  medullated  nerve-fibres  arise.  So  that  it  would  appear  that  nerve- 
fibres  arise :  first,  directly  through  the  passage  of  the  non-branched  axis-cylinder 
process  into  a  fibre ;  and,  secondly,  through  the  minute  network  formed  by  the 
branched  protoplasm  processes. 

Peripheral  Terminations  of  Nerves. — The  manner  in  which  nerve-fibres  ter- 
minate peripherally  are  several,  and  may  be  conveniently  studied  in  the  sensory 
and  motor  nerves  respectively.  Sensory  nerves  would  appear  to  terminate  either 
in  minute  primitive  fibrillae  or  networks  of  these ;  or  else  in  special  terminal  organs, 
which  have  been  termed  peripheral  end-organs^  and  of  which  there  are  three 
principal  varieties — viz.  the  end-bulbs  of  Krause,  the  tactile  corpuscles  of  Wagner, 
and  the  Pacinian  corpuscles. 

Termination  in  Fibrillae. — When  a  medullated  nerve-fibre  approaches  its  termi- 
nation, the  white  matter  of  Schwann  suddenly  disappears,  leaving  only  the  axis- 
cylinder  surrounded  by  the  neurilemma,  and  we  have  now  a  non-medullated 
fibre.  This  undergoes  repeated  division,  and  after  a  time  loses  its  neurilemma, 
and  consists  only  of  an  axis-cylinder,  which  can  be  seen,  in  preparations  stained 
with  chloride  of  gold,  to  be  made  up  of  fine  varicose  fibrils.  Finally,  the  axis- 
cylinder  breaks  up  into  its  constituent  primitive  nerve-fibrillse,  which  anastomose 
with  one  another,  thus  forming  a  network,  and  often  present  regular  varicosities. 
This  network  passes  between  the  elements  of  the  tissue  to  which  the  nerves  are 
distributed,  which  is  always  epithelial,  the  nerve-fibrils  lying  in  the  interstitial 
substance  between  the  epithelial  cells,  and,  as  is  believed  by  some,  actually  termi- 
nating within  the  cells  as  minute  swellings  close  to  the  nucleus.  In  this  way 
nerve-fibres  have  been  found  to  terminate  in  the  epithelium  of  the  skin  and 
mucous  membranes,  and  in  the  anterior  epithelium  •  of  the  cornea. 

The  end-bulbs  of  Krause  (Fig.  52)  are  minute  oblong  or  cylindrical  corpuscles, 
into  the  interior  of  which  the  axis-cylinder  of  the  nerve-fibre  passes,  and  termi- 
nates in  a  coiled,  plexiform  mass  or  in  a  bulbous  extremity.  The  corpuscle  consists 
of  a  simple  nucleated  capsule,  containing  a  soft,  homogeneous  core,  in  which  the 
termination  of  the  axis-cylinder  is  contained.  The  white  matter  of  Schwann 
ceases  abruptly  as  the  axis-cylinder  enters  the  corpuscle,  but  the  perineurium  is 
continued  inward  with  the  axis-cylinder,  and  forms  an  investment  of  the  core, 
lining  the  interior  of  the  capsule.  The  end-bulbs  have  been  described  as  occurring 
in  the  conjunctiva  (where,  in  man,  they  are  spheroidal  in  shape),  in  the  mucous 
membrane  of  the  mouth,  and  in  the  cutis  and  mucous  membrane  of  the  penis, 
clitoris,  and  vagina,  where  they  are  termed  genital  corpuscles.  The  latter  have  a 
mulberry-like  appearance,  from  being  constricted  by  connective-tissue  septa  into 
from  two  to  six  knob-like  masses.  In  the  synovial  membrane  of  certain  joints 
e.  g.  those  of  the  fingers)  rounded  or  oval  end-bulbs  have  been  found ;  these  are 
esignated  articular  end-bulbs. 

The  tactile  corpuscles  (Fig  53),  described  by  Wagner  and  Meissner,  are  oval- 
shaped  bodies,  made  up  of  connective  tissue,  and  consisting  of  a  capsule,  and 
imperfect  membranous  septa,  derived  from  it,  which  penetrate  its  interior.  The 
axis-cylinders,  entering  the  capsule,  pursue  a  convoluted  course,  supported  by  the 
septa,  and  terminate  in  small  globular  or  pyriform  enlargements,  near  the  inner 
surface  of  the  capsule.     These  tactile  corpuscles  have  been  described  as  occurring 
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in  the  papillx  of  the  corium  of  the  hand  and  foot,  the  front  of  the  fore-arm,  the 
skin  of  the  lips,  and  the  mucouB  membrane  of  the  tip  of  the  tongue,  the  palpebral 


''lu.  58.— Papilla  of  the  hand  treated  with  ai 
ntfled  S50  Iftnee.  a.  Side  view  of  a  papilla  of 
ortlcal  layer.     6.  Tactile  corpUBcle,  with 

-.   __, _.    , ei.    e.Small  nerve  of  the  papilla,  with  neuril ... 

<Fnim  Klein's  EleiaatU  q/  Hltlcbgtl-)  Its  two  nervous  flbres  inintiliig  with  spiral  colls  around  the 

taeille  corpuscle,  e.  Apparent  lurminalion  of  one  of  these 
fibres.  E.  A  taetlle  papilla  seen  from  above,  so  as  to  show 
Its  transverse  section,  a.  Cortical  layer.  6.  Nerve-fibre,  c. 
Outer  layer  of  the  tactile  body,  with  nuclei,  d.  Clear 
Interior  substance. 

conjunctiva,  and  the  skin  of  the  nipple.  They  are  not  found  in  all  the  papilla ; 
but  from  their  existence  in  those  parts  in  whicn  the  skin  is  highly  sensitive,  it  is 
probable  that  they  are  specially  concerned  in  the  sense  of  touch,  though  their 
absence  from  the  papillae  of  other  tactile  parts  shows  that  they  are  not  essential  to 
this  sense. 

The  Pacinian  coipnscles'  (Fig.  54)  are  found  in  the  human  subject  chiefly  on 
the  nerves  of  the  palm  of  the  hand  and  sole  of  the  foot  and  in  the  genital  organs 
of  both  sexes,  lying  in  the  aubctitaneous  tissue ;  but  they  have  also  been  described 
»s  connected  with  the  nerves  of  the  joints,  and  in  some  other  situations,  as  the 
mesentery  of  the  cat  and  along  the  tibia  of  the  rabbit.  Each  of  these  corpuscles 
is  attached  to  and  encloses  the  termination  of  a  single  nerve-fibre.  The  corpuscle, 
which  is  perfectly  visible  to  the  naked  eye  (and  which  can  be  moat  easily  demon- 
strated in  the  mesentery  of  a  cat),  consists  of  a  number  of  lamella  or  capsules, 
arranged  more  or  leas  concentrically  around  a  central  clear  space,  in  which  the 
nerve-fibre  is  contained.  Each  lamella  is  composed  of  bundles  of  fine  connective- 
tissue  fibres,  and  is  lined  on  its  inner  surface  by  a  single  layer  of  nucleated  endo- 
thelial cells.  The  central  clear  space,  which  is  elongated  or  cylindrical  in  shape, 
is  filled  with  a  transparent  material,  in  the  middle  of  which  is  the  single  meduliated 
fibre,  which  traverses  the  space  to  near  its  distal  extremity.  Here  it  terminates 
ID  a  ronnded  knob  or  end,  sometimes  bifurcating  previously,  in  which  case  each 
branch  has  a  similar  arrangement.  Todd  and  Bowman  have  described  minute 
arteries  as  entering  by  the  sides  of  the  nerves  and  forming  capillary  loops  in  the 
intercapsnlar  spaces,  and  even  penetrating  into  the  central  space.  Other  authors 
describe  the  artery  as  entering  the  corpuscle  at  the  pole  opposite  to  the  nerve- 
6bre. 

Herbst  has  described  a  somewhat  similar  "  nerve-ending  "  to  the  Pacinian  cor- 
puscle, as  being  found  in  the  mucous  membrane  of  the  tongue  of  the  duck  and 
in  some  other  situations.  It  differs,  however,  from  the  Pacinian  corpuscles,  in 
being  smaller,  its  capsules  thinner  and  more  closely  approximated,  and  especially 
in  the  fiict  that  the  axis-cylinder  in  the  central  clear  space  is  coated  with  a  con- 
tinuous row  of  nuclei.     These  bodies  are  known  as  the  corpuscles  of  Herbst. 

Tactile  corpoBcleB  have  been  described  by  Grandry  as  occurring  in  the  papillae 
of  the  beak  and  tongue  of  birds,  and  by  Merkel  as  occurring  in  the  papillse  and 
'  Often  called  in  German  anatomical  works  "  corpuscles  of  Vater." 
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epithelium  of  the  Bkio  of  man  aod  animals,  especially  in  those  parts  of  the  skin 
devoid  of  hair.  They  consist  of  a  capsule  composed  of  a  very  delicate,  nucleated 
membrane,  and  contain  two  or  more  granular, 
somewhat  flattened  cells,  between  which  the  med- 
ullateil  nerve-fibre,  which  enters  the  capsule  by 
piercing  its  investing  membrane,  is  supposed  to 
terminate. 

In  the  organs  of  special  sense  the  nerves  ter- 
minate in  cells,  which  are  modified  epithelial  cells, 
and  have  received  the  name  of  atntory  or  nerve- 
epithelium  cells.  The  axis-cylinder,  after  divid- 
ing into  fibrils,  ends  in  epithelial  cells,  variously 
modified,  and  to  the  peripheral  extremity  of  which 
are  often  connected  peculiar  styliform  processes. 
These  cells  will  be  more  particularly  described  in 
the  sequel,  in  connection  with  the  description  of 
the  organs  of  special  sense. 

Motor  nerres  are  to  be  traced  either  into  un- 
striped  or  striped  muscular   fibres.      In  the  nn- 
stripsd  or  involantary   muscles   the   nerves    are 
derived  from  the  sympathetic,  and  are  composed 
mainly  of  the  non-medullated  fibres.     Near  their 
termination  they  divide  into  a  number  of  branches, 
which  communicate  and  form  an  intimate  plexus. 
At  the  junction  of  the  branches  small  triangular 
nuclear  bodies  are  situated.     From  these  plexuses 
minute  branches  are  given  off,  which  divide  and 
break  up  into  the  ultimate  fibrillce  of  which  the 
nerve  is  composed.    These  fibrillEe  course  between 
the   involuntary  muscle-cells,  and,  according  to 
Elischer,   terminate   on    the   surface   of  the   cell, 
opposite  the  nucleus,  in  a  minute  swelling.      Ar- 
nold and  Prankenhauser  believed  that  these  ulti- 
mate fibrillse  penetrated   the  muscular  cell   and 
ended  in  the  nucleus.     More  recent  observation 
has,  however,  tended  to  disprove  this. 
In  the  striped  or  voluntary  muscle,  the  nerves  supplying  the  muscular  fibres 
are  derived  from  the  cerebro-spinal  nerves,  and  are  composed  mainly  of  meduUated 
fibres.     The  nerve,  after  entering  the  sheath  of  the  muscle,  breaks  up  into  fibres, 
or  bundles  of  fibres,  which  form  plexuses,  and  gradually  divide  until,  as  a  rule, 
a  single   nerve-fibre   enters  a   single   muscular   fibre.     Sometimes,  however,  if 
the  muscular  fibre   is  long,  more  than  one  nerve-fibre   enters  it.     Within    the 
muscular  fibre  the  nerve  terminates  in  a  special  expansion,  called  by  Kiihne,  who 
fii-st  accurately  described  them,  motorial  end-plates  (Fig.  55).'     The  nerve-fibre, 
on  approaching  the  muscular  fibre,  suddenly  loses  its  white  matter  of  Schwann, 
which  abruptly  terminates;  the  neurilemma  becomes  continuous  with  the  sarco- 
lemma  of  the  muscle,  and  only  the  axis-cylinder  enters  the  muscular  fibre,  where 
it  immediately  spreads  out,  ramifying  like  the  roots  of  a  tree,  immediately  beneath 
the  sarcolemraa,  and  is  imbedded  in  a  layer  of  granular  matter,  containing  a 
number  of  clear,  oblonp  nuclei,  the  whole  constituting  an  end-plate  from  which 
the  contractile  wave  of  the  muscular  fibre  is  said  to  start. 

The  nerves  supplying  tendons  have  peculiar  nerve-endings,  and  are  especially 
numerous  near  the  point  where  the  tendon  becomes  muscular.  In  this  situation 
spindle-shaped  bodies  are  found,  and  are  known  as  the  organs  of  Oolgi.  They  are 
apparently  composed  of  several  tendinous  bundles  fused  into  one,  into  which  one 
They  had,  however,  preTioualy  been  noticed,  though  not  aecuralely  described,  by  Doyere,  who 


Fio.  M.— Pacinian  corpiiBc:. 
(lem  i>r  capsules  Hnd  centT 
Arterial  twig,  ending  In  caplllartus. 


which  form  loops  In 
pap«uUr  spaces,  and  one  penetrates 
the  central  cajHule.  6.Th«  flbruiutlsB 
of  the  stalk  prolonged  ftom  the  perlm 
rlum.  B.  Nerve-ln6«  advancing  (o  t 
central  capsule,  there  losing  lis  wh 
matter,  and  slretchlng  along  the  axis 
the  oppoBlle  end.  where  it  &  flied  b] 
tubercular  enlargement. 


named  them  "  nerve-hillocl 
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r  more  nerve-fibres  pass,  and,  dividing,  spread  out  between  the  tendon-bundles. 


Flc.  M.— Muscular  flbrea  of  LateHa  vi 
*nd-plBle»-  It-It.  The  base  of  the  plate,  ci 
liUcMa  perfectly  fresh  flbre,  Ihe  nerva 
di Tided  plaie  can  hardly  be 


(fiiwlththe  terminallonsofnerTeB,  a.  Seen  In  profile,  p.p.  The  nerve 
iBlstlng  of  a.  granular  mass  with  nuclei,  b.  The  same  as  seen  In  look- 
a  enda  Iwlng  probably  etlll  excitable.  (The  fbrma  of  the  variously- 
a  a  woodeut  by  sufflclently  delicate  and  pale  contoun  to  reproduce 
same  as  seen  two  hours  after  death  tiam  poisoning  by  curare. 


Nerve-iibres  occasionallj  terminate  in  tendons  as  end-bulbs  or  as  small  Pacinian 
corpuscles. 

The  (Hnglia  may  be  regarded  aa  separate  and  independent  nervous  centres,  of 
smaller  size  and  less  complex  structure  than  the  brain,  connected  with  each  other, 
»iih  the  cerebro-spinal  axis,  and  with  the  nerves  in  various  situations.  They  are 
found  on  the  posterior  root  of  each  of  the  spinal  nerves ;  on  the  posterior  or  sen- 
sory root  of  the  fifth  cranial  nerve;  on  the  facial  and  auditory 'nerves ;  on  the 


glosso-pharyngeai  and  pneumogasti 
spinal  nerves.  They  are  also  found  in 
a  connected  series  along  each  side  of 
the  vertebral  column,  forming  the  trunk 
of  the  sympathetic ;  and  on  the  branches 
of  that  nerve,  generally  in  the  plexuses 
or  at  the  point  of  junction  of  two  or 
more  nerves  with  each  other  or  with 
branches  of  the  cerebro-spinal  system. 
On  section  they  are  seen  to  consist  of 
a  rediiish-gray  substance,  traversed  by 
numerous  white  nerve-fibres;  they  vary 
considerably  in  form  and  size;  the 
largest  are  found  in  the  cavity  of  the 
abdomen ;  the  smallest,  not  visible  to 
the  naked  eye,  exist  in  considerable 
numbers  upon  the  nerves  distributed 
to  the  difierent  viscera.  The  ganglia 
are  invested  by  a  smooth  and  firm, 
closelv -adhering,  membranous  envelope, 
consisting  of  dense  areolar  tissue ;  this 
sheath  is  continuous  with  the  peri- 
neurium of  the  nerves,  and  sends  nu- 
merous processes  into  the  interior  of 
the  ganglion,  which  support  the  blood- 
vessels supplj'ing  its  substance. 

In  structure  all  ganglia  are  essen- 
tially similar  (Fig.  56),  consisting  of  the 
ume  structural  elements  as  the  other  nerv< 
wnout  matter  traversed  by  tubular  and 


ves;    and  on  the  branches  of  certain 


Mntnilfli 
c,  Capai; 


....  diameters,    (Kletn  a 

ipflulcnf IheKanKliiiQ.    n.  Nervi 
f  the  gaiiKlltiii     ■"•" "'■- -  ■ 


iscoplr  ganglion. 
A  Koble  ^mlth.) 
'fibres  uasslng  out 

hlch  entered  the 

„unicllon  are  not  represented.  The  nerve-fibres  are 
urdlnary  meduUated  flhrcs,  but  the  dvtuile  of  their 
structure  are  not  shown,  owing  to  the  low  magnifying 
power.  The  eangllon-cells  are  invested  by  a  special 
capsule,  Ilne<f  by  a  few  nuclei,  which  are  here  repre- 
sented as  If  tontalned  in  the  capsule. 


.  a  collection  of  vesicular 
m-fhrei.     The  vesicular 
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nervous  matter  cossists  of  nerve-  or  ganglion-cells,  most  of  vhich  appear  to  be 
free  and  of  a  round  or  oval  form ;  these  are  more  especially  seated  near  the  sur- 
face of  the  ganglion ;  others  are  unipolar,  bipolar,  or  multipolar,  and  their  caudate 
processes  give  origin  to  nerve-fibree.  In  the  ganglion  the  nerve-cells  are  usually 
enclosed  in  a  transparent  capsule  with  nuclei  on  its  inner  surface.  The  nerve- 
fibres  on  entering  the  ganglion  lay  aside  their  perineurium,  which  becomes  con- 
tinuous with  the  capsule.  Some  of  the  fibres  run  through  the  ganglion  without 
being  connected  with  the  cells ;  others  arise  from  the  caudate  processes  of  the  cells. 
A  remarkable  modification  of  the  bipolar  nerve-cell  is  found  in  the  sympa- 
thetic ganglia,  especially  in  the  frog,  but  also  in  some  few  instances  in  the  mam- 
mal. The  cells  are  pear^haped,  and  from  the  narrow  end  two  processes  arise: 
one,  a  straight  axis-cylinder  process,  into  which  the  substance  of  the  ganglion  is 
prolonged;  the  other,  a  thin  fibre,  winds  spirally  round  the  straight  fibre,  and 
then  passes  away  from  the  cell  in  the  opposite  direction,  and  becomes  invested 
with  a  medullary  sheath  and  neurilemma  of  its  own,  and  constitutes  a  medullated 
fibre,  while  the  straight  axis-cylinder  process  forms  a  non-medullated  fibre. 

THE  TASOULAB  8TSTEIIC. 

The  Vaacular  Srstem,  exclusive  of  its  central  organ,  the  heart,  is  divided  into 

four  classes  of   vessels:    the  arteries,   capillaries,   veins,   and  lymphatics;    the 

minute  structure  of  which  we  will  now  proceed  briefly  to  describe,  referring  the 

reader  to  the  body  of  the  work  for  all  that 

is  necessary  in  the  details  of  their  ordinary 

anatomy. 

S^cttiie  of  Arteries  (Fig.  57). — The 
arteries  are  composed  of  three  coats:  inter- 
nal or  endothelial  coat  (tunica  intima  of 
Kolliker);  middle  muscular  coat  (tunica 
media) ;  and  external  cellular  coat  {tunica 
adpentHia). 

The  two  inner  coats  together  are  very 
easily  separated  from  the  external,  as  by 
the  ordinary  operation  of  tying  a  ligature 
on  an  artery.  If  a  fine  string  be  tied  for- 
cibly upon  aa  artery  and  then  taken  ofi", 
the  external  coat  will  be  found  undivided, 
but  the  internal  coats  are  divided  in  the 
track  of  the  ligature  and  can  easily  be  fur- 
ther dissected  from  the  outer  coat.  The 
inner  coat  can  he  separated  from  the  middle 
by  a  little  maceration,  or  it  may  be  stripped 
ofl"  in  small  pieces ;  but,  on  account  of  its 
friability,  it  cannot  be  separated  as  a  com- 
plete membrane.  It  is  a  fine,  transparent, 
colorless  structure  which  is  highly  elastic, 
and  is  commonly  corrugated  into  longitudi- 
nal wrinkles.  The  inner  coat  consists  of — 
1.  A  layer  of  pavement-epithelium,  the  cells 
of  which  are  polygonal,  oval,  or  fusiform, 
and  have  very  distinct  round  or  oval  nuclei. 
This  endothelium,  as  it  is  now  generally 
called,  is  brought  into  view  most  distinctly 
by  staining  with  nitrate  of  silver.  2.  A 
subepithelial  layer,  consisting  of  delicate 
connective  tissue  with  branched  cells  lying 
in  the  interspaces  of  the  tissue.  3.  An  elastic  or  fenestrated  layer,  which  con- 
sists of  an  elastic  membrane  containing  a  network  of  elastic  fibres,  having  prin- 


ters.   (KlHnatidNobleSmith.l    A.Artery.s 

Ing  the  nuclealed endothelium,  <,  irhlrh  Hdob  II: 
thu  vessel  belnxeontncCed.the  endothelial  cells 
appear  very  thick.  Uademeath  the  cndothvllum 
Is  the  wary  elastic  Intima.  The  chlerpart  uf  Ihe 
wall  of  the  vessel  !s  oecupEed  by  the  circular  miis- 
cle-coatm;  the  slaff-shsped  nuclei  of  the  muscle- 
eella  are  well  sci-D.  Outside  this  Is  o.  nartnrtlie 
adventitla.  This  is  roinposed  of  bundles  of  con- 
necllvc-llssue  libres,  shown  in  scptlon.wlth  the 
nuclei  of  the  connect  iTc-tlasue  corpuscles. 
The  adTenlitla  gradually  merges  into  the  sur- 
.  .^ — ™.i —  .!—..„      ..    Vein  showing 


rounding  connective  tissue. 


thin  endothelisi  membmne,  c,  raised  scciden- 
ally  Ihim  the  inlima.  which  on  account  of  Us 
ielfcacy  is  seen  as  a  mere  line  on  the  media  m. 
Thia  latter  is  composed  of  n  few  circular  un- 
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cipally  a.  longitudinal  direction  and  in  which,  under  the  microscope,  small,  elon- 
gated apertures  or  perforations  may  be  seen,  giving  it  a  fenestrated  appearance. 
It  was  therefore  called  by  Henle  the  fenestrated  membrane.  This  membrane 
forms  the  chief  thickness  of  the  inner  coat,  and  can  be  separated  into  several 
layers,  some  of  which  present  the  appearance  of  a  network  of  longitudinal  elastic 
fibres,  and  others  present  a  more  membranous  character,  marked  by  pale  lines 
having  a  longitudinal  direction.  In  arteries  of  less  than  a  line  in  diameter  the 
subepithelial  layer  consists  of  a  single  layer  of  stellate  cells,  and  the  connective 
tissue  is  only  largely  developed  in  the  large-sized  vessels.  The  fenestrated  mem- 
brane in  microscopic  arteries  is  a  very  thin  layer,  but  in  the  larger  arteries,  and 
especially  in  the  aorta,  it  has  a  very  considerable  thickness. 

The  middle  coat  (tunica  media)  is  distinguished  from  the  inner  by  its  color 
and  by  the  transverse  arrangement  of  its  fibres,  in  contradistinction  to  the  longi- 
tudinal direction  of  those  of  the  inner  coat.  It  consists  of  two  varieties  of  struc- 
ture, yellow  elastic  tissue  and  mmeular  tissue,  which  are  present  in  varying  quan- 
tities in  different  vessels,  according  to  their  size,  the  former  tissue  preponderating 
in  the  larger  vessels  and  the  latter  in  the  smaller  ones.  In  the  largest 
arteries  this  coat  is  of  great  thickness,  of  a  yellow  color,  and  highly  elastic; 
it  diminishes  in  thickness  and  becomes  redder  in  color  as  the  arteries  become 
smaller,  and  finally  becomes  very  thin  and  disappears.  In  small  arteries  this 
coat  is  purely  muscular,  consisting  of  muscle  fibre-cells  (Fig.  44)  united  to  form 
lamellie  which  vary  in  number  according  to  the  size  of  the  artery ;  the  very  small 
arteries  having  only  a  single  layer,  and  those  not  larger  than  one-tenth  of  a  line 
in  diameter  three  or  four  layers.  In  arteries  of  medium  size  (Fig-  ^B)  this  coat 
becomes  thicker  in  proportion 

to  the  size  of  the  vessel ;  its  * '      "    *         6         s 

layers  of  muscular  tissue  are  ' 

more  numerous  and  inter- 
mixed with  numerous  fine 
elastic  fibres  which  unite  to 
form  broad-meshed  networks. 

In  the  larger  vessels,  as  the  i 

femoral,  superior  mesenteric,  I 

c<eliac   axis,    external    iliac,      '  i 

brachial   and   popliteal  arte-  , 

ries,  the  elastic  fibres  unite  I 

to  form  lamellse,  which  alter- 
nate with  the  layers  of  mus- 
cular fibre.  In  the  largest 
arteries  the  muscular  tissue 
is  only  slightly  developed  and 

forms  about  one-third  or  one-  ' 

fourth  of  the  whole  substance        * 

of    the    middle    coat;     this    is  F,„.5S._An.rter>-|W™  lUni^enl.ry  of  «  chll<l,.Wi"',and  6, 

CTDeciallv     the      case      m     the  vein  .067"' io  dinmelcr.  ircntod  with  acetic  acid  and  magninert  SSO 

"^  'j    .         I        P   .L  1  Viiatt.    a.  Tuntoa  Bdvunlilia,  wilh  clontruted  nuclei.    ».  ^^iiclci  of 

aorta    and    trunk    Ot    the    pul-  the  contractile  flbre-ceUs  of  the  tunica  mraia.Ecen  partly  from  the 

_ „_,. :„    _i,:.L    .L.  surface,  partly  apparent  In  IranHveisi?  section,    v.  Nucleiof  llie  en- 

monarv  artery,  m    which    the  dothellifcclft.  XEla.tie  longitudinal  Hbron.  ioat. 

individual  cells  of  the  mus- 
cular layer  are  imperfectly  formed,  while  in  the  carotid,  axillary,  iliac,  and  sub- 
clavian arteries  the  muscular  layer  of  the  middle  coat  is  more  developed.  The 
elastic  lamellce  are  well  marked,  may  amount  to  fifty  or  sixty  in  number,  and 
alternate  regularly  with  the  layers  of  muscular  tissue.  They  are  most  distinct 
and  arranged  with  greatest  regularity  in  the  abdominal  aorta,  innominate  artery, 
and  common  carotid.  In  the  larger  arteries  bundles  of  white  connective-tissue 
fibres  have  also  been  found  in  small  quantity  in  the  middle  coat. 

The  external  coat  (tunica  adventilia)  consists  mainly  of  fine  and  closely  felted 
hnndles  of  white  connective  tissue,  but  also  contains  elastic  fibres  in  all  but  the 
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smallest  arteries.  The  elastic  tissue  is  much  more  abundant  next  the  tunica 
media,  and  it  is  sometimes  described  as  forming  here,  between  the  adventitia  and 
media,  a  special  layer,  the  tunica  elastica  externa  of  Henle.  This  layer  is  most 
marked  in  arteries  of  medium  size.  In  the  largest  vessels  the  external  coat  is 
relatively  thin ;  but  in  small  arteries  it  is  as  thick  or  thicker  than  the  middle  coat. 
In  the  smaller  arteries  it  consists  of  a  single  layer  of  white  connective  tissue  and 
elastic  fibres;  while  in  the  smallest  arteries,  just  above  the  capillaries,  the  elastic 
fibres  are  wanting,  and  the  connective  tissue,  of  which  the  coat  is  composed, 
becomes  more  homogeneous  the  nearer  it  approaches  the  capillaries,  and  is 
gradually  reduced  to  a  thin  membranous  envelope  which  finally  disappears. 

Some  arteries  have  extremely  thin  coats  in  proportion  to  their  size ;  this  is 
especially  the  case  in  those  situated  in  the  cavity  of  the  cranium  and  spinal  canal, 
the  difiference  depending  on  the  greater  thinness  of  the  external  and  middle  coats. 

The  arteries,  in  their  distribution  throughout  the  body,  are  included  in  a  thin 
fibro-areolar  investment,  which  forms  what  is  called  their  sheath.  In  the  limbs 
this  is  usually  formed  by  a  prolongation  of  the  deep  fascia ;  in  the  upper  part 
of  the  thigh  it  consists  of  a  continuation  downward  of  the  transversalis  and  iliac 
fasciae  of  the  abdomen ;  in  the  neck,  of  a  prolongation  of  the  deep  cervical  fascia. 
The  included  vessel  is  loosely  connected  with  its  sheath  by  a  delicate  areolar  tissue ; 
and  the  sheath  usually  encloses  the  accompanying  veins,  and  sometimes  a  nerve. 
Some  arteries,  as  those  in  the  cranium,  are  not  included  in  sheaths. 

All  the  larger  arteries  are  supplied  with  blood-vessels  like  the  other  organs  of 
the  body ;  they  are  called  the  vasa  vasorum.  These  nutrient  vessels  arise  from  a 
branch  of  the  artery  or  from  a  neighboring  vessel,  at  some  considerable  distance 
from  the  point  at  which  they  are  distributed ;  they  ramify  in  the  loose  areolar 
tissue  connecting  the  artery  with  its  sheath,  and  are  distributed  to  the  external 
coat,  but  do  not,  in  man,  penetrate  the  other  coats ;  though  in  some  of  the  larger 
mammals  some  few  vessels  have  been  traced  into  the  middle  coat.  Minute  veins 
serve  to  return  the  blood  from  these  vessels ;  they  empty  themselves  into  the  venae 
comites  in  connection  with  the  artery.  Lymphatic  vessels  and  lymphatic  spaces 
are  also  present  in  the  outer  coat. 

Arteries  are  also  supplied  with  nerves,  which  are  derived  chiefly  from  the  sym- 
pathetic, but  partly  from  the  cerebro-spinal  system.  They  form  intricate  plexuses 
upon  the  surfaces  of  the  larger  trunks,  and  run  along  the  smaller  branches  as  single 
filaments  or  bundles  of  filaments,  which  twist  around  the  vessel  and  unite  with 
each  other  in  a  plexiform  manner.  The  branches  derived  from  these  plexuses 
penetrate  the  external  coat,  and  are  principally  distributed  to  the  muscular  tissue 
of  the  middle  coat,  and  thus  regulate,  by  causing  the  contraction  and  relaxation 
of  this  tissue,  the  amount  of  blood  sent  to  any  part. 

The  Capillaries. — The  smaller  arterial  branches  (excepting  those  of  the  cavern- 
ous structure  of  the  sexual  organs,  of  the  spleen,  and  in  the  uterine  placenta) 
terminate  in  a  network  of  vessels  which  pervade  nearly  every  tissue  of  the  body. 
These  vessels,  from  their  minute  size,  are  termed  capillaries  {capillus^  a  hair). 
They  are  interposed  between  the  smallest  branches  of  the  arteries  and  the  com- 
mencing veins,  constituting  a  network,  the  branches  of  which  maintain  the  same 
diameter  throughout ;  the  meshes  of  the  network  being  more  uniform  in  shape  and 
size  than  those  formed  by  the  anastomoses  of  the  small  arteries  and  veins. 

The  diameter  of  the  capillaries  varies  in  the  different  tissues  of  the  body,  their 
usual  size  being  about  -^^^  of  an  inch.  The  smallest  are  those  of  the  brain  and 
the  mucous  membranes  of  the  intestines ;  and  the  largest  those  of  the  skin  and 
the  marrow  of  bone,  where  they  are  stated  to  be  as  large  as  y^tt  ^^  ^^  inch. 

The  form  of  the  capillary  net  varies  in  the  different  tissues,  the  meshes  being 
generally  rounded  or  elongated.  The  rounded  form  of  mesh  is  most  common,  and 
prevails  where  there  is  a  dense  network,  as  in  the  lungs,  in  most  glands  and 
mucous  membranes,  and  in  the  cutis ;  here  the  meshes  are  more  or  less  angular, 
sometimes  nearly  quadrangular  or  polygonal ;  more  frequently  irregular. 

Elongated  meshes  are  observed  in  the  bundles  of  fibres  and  tubes  composing 
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muscles  and  nerves,  the  meshes  being  usually  of  a  parallelogram  form,  the  long 
axis  of  the  mesh  running  parallel  with  the  long  axis  of  the  nerve  and  fibre.  Some- 
times the  capillaries  have  a  looped  arrangement;  a  single  vessel  projecting  from 
the  common  network  and  returning  after  forming  one  or  more  loops,  as  in  the 
papillas  of  the  tongue  and  skin.  The  number  of  the  capillaries,  and  the  size  of  the 
meshes,  determine  the  degree  of  vascularity  of  a  part.  The  closest  network  and 
the  smallest  interspaces  are  found  in  the  lungs  and  in  the  choroid  coat  of  the  eye. 
In  these  situations  the  interspaces  are  smaller  than  the  capillary  vessels  them- 
selves. In  the  kidney,  in  the  conjunctiva,  and  in  the  cutis  the  interspaces  are 
from  three  to  four  times  as  large  as  the  capillaries  which  form  them ;  and  in  the 
brain  from  eight  to  ten  times  as  large  as  the  capillaries  in  their  long  diameter,  and 
from  four  to  six  times  as  large  in  their  transverse  diameter.  In  the  adventitia 
of  arteries  the  width  of  the  meshes  is  ten  times  that  of  the  capillary  vessels. 
As  a  general  rule,  the  more  active  the  fiinction  of  the  organ,  the  closer  is  its 
capillary  net  and  the  larger  its  supply  of  blood ;  the  network  being  very  narrow  in 
all  growing  parts,  in  the  glands,  and  in  the  mucous  membranes ;  wider  in  bones 
and  ligaments,  which  are  comparatively  inactive ;  and  nearly  altogether  absent  in 
tendons,  in  which  very  little  organic  change  occurs  after  their  formation. 

Stmctnre. — The  walls  of  the  capillaries  consist  of  a  fine,  transparent,  endothelial 
layer,  composed  of  cells  joined  edge  to  edge  by  an  interstitial  cement-substance, 
and  continuous  with  the  endothelial  cells  which  line  the  arteries  and  veins.  When 
stained  with  nitrate  of  silver  the  edges  which  bound  the  endothelial  cells  are 
brought  into  view  (Fig.  59).  These  cells  are  of  large  size  and  of  an  irregular  polyg- 
onal or  lanceolate  shape,  each  containing  an  oval  nucleus  which  may  be  brought 
into  view  by  carmine  or  logwood.  Between  their  edges,  at  various  points  of  their 
meeting,  roundish  dark  spots  are  sometimes  seen,  wnich  have  been  described  as 


Fio.  S9.— Capillaries  from  the 
a««entenr  of  a  guinea-pig  after  treat- 
ment witn  solution  of  nitrate  of  sil- 
ver,  a.  C«lls.  b.  Their  nuclei. 


Fig.  60.— Finest  vessels  on  the  arterial  side.  From  the  human 
brain.  Mi^nifled  300  times.  1.  Smallest  artery.  2.  Transition 
vessel.  3.  Coarser  capillaries.  4.  Finer  capillaries,  a.  Structure- 
less membrane  still  with  some  nuclei,  representative  of  the 
tunica  adventitia.  6.  Nuclei  of  the  muscular  flbre-cells.  c. 
nuclei  within  the  small  artery,  perhaps  appertaining  to  an 
endothelium,    d.  Nuclei  in  the  transition  vessels. 


stomata,  though  they  are  closed  by  intercellular   substance.     They  have  been 
believed  to  be  the  situation  through  which  the  white  corpuscles  of  the  blood,  when 
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migrating  through  the  blood-vessels,  emerge ;  but  this  view,  though  probable,  is 
not  universally  accepted. 

In  many  situations  a  delicate  sheath  or  envelope  of  branched  nucleated  connec- 
tive-tissue cells  is  found  around  the  simple  capillary  tube,  particularly  in  the  larger 
ones ;  and  in  other  places,  especially  in  the  glands,  the  capillaries  are  invested 
with  retiform  lymphatic  tissue ;  and  again,  in  other  situations,  as  the  pia  mater  of 
the  brain  and  cord,  and  in  the  retina,  the  capillaries  are  invested  with  a  sheath 
composed  of  a  delicate  endothelial  membrane. 

In  the  largest  capillaries  (which  ought,  perhaps,  to  be  described  rather  as  the 
smallest  arteries)  there  is,  outside  the  endothelial  layer,  a  muscular  layer,  consisting 
of  contractile  fibre-cells,  arranged  transversely,  as  in  the  tunica  media  of  the  larger 
arteries  (Fig.  60). 

The  veins,  like  the  arteries,  are  composed  of  three  coats — internal,  middle,  and 
external;  and  these  coats  are,  with  the  necessary  modifications,  analogous  to  the 
coats  of  the  arteries ;  the  internal  being  the  endothelial,  the  middle  the  muscular, 
and  the  external  the  connective  or  areolar.  The  main  difference  between  the 
veins  and  the  arteries  is  the  comparative  weakness  of  the  middle  coat  of  the 
former,  and  to  this  it  is  due  that  the  veins  do  not  stand  open  when  divided,  as 
the  arteries  do,  and  that  they  are  passive  rather  than  active  organs  of  the 
circulation. 

In  the  veins  immediately  above  the  capillaries  the  three  coats  are  hardly  to  be 
distinguished.  The  endothelium  is  supported  on  an  outer  membrane  separable  into 
two  layers,  the  outer  of  which  is  the  thicker,  and  consists  of  a  delicate,  nucleated 
membrane  (adventitia),  while  the  inner  is  composed  of  a  network  of  longitudinal 
elastic  fibres  (media).  In  the  veins  next  above  these  in  size  (one-fifth  of  a  line, 
according  to  Kolliker)  a  muscular  layer  and  a  layer  of  circular  fibres  can  be  traced, 
forming  the  middle  coat,  while  the  elastic  and  connective  elements  of  the  outer 
coat  become  more  distinctly  perceptible.  In  the  middle-sized  veins  the  typical 
structure  of  these  vessels  becomes  clear.  The  endothelium  is  of  the  same  character 
as  in  the  arteries,  but  its  cells  are  more  oval,  less  fusiform.  It  is  supported  by  a 
connective-tissue  layer,  consisting  of  a  delicate  network  of  branched  cells,  and 
external  to  this  is  a  layer  of  longitudinal  elastic  fibres,  but  seldom  any  appearance 
of  a  fenestrated  membrane.  This  constitutes  the  internal  co2Lt,  The  middle  coat  is 
composed  of  a  thick  layer  of  connective  tissue  with  elastic  fibres,  intermixed,  in  some 
veins,  with  a  transverse  layer  of  muscular  fibres.  The  white  fibrous  element  is 
in  considerable  excess,  and  the  elastic  fibres  are  in  much  smaller  proportion  in  the 
veins  than  in  the  arteries.  The  outer  coat  consists  of  areolar  tissue,  as  in  the 
arteries,  with  longitudinal  elastic  fibres.  In  the  largest  veins  the  outer  coat  is  from 
two  to  five  times  thicker  than  the  middle  coat,  and  contains  a  large  number  of 
longitudinal  muscular  fibres.  This  is  most  distinct  in  the  inferior  vena  cava,  and 
at  the  termination  of  this  vein  in  the  heart,  in  the  trunks  of  the  hepatic  veins,  in 
all  the  large  trunks  of  the  vena  portse,  in  the  splenic,  superior  mesenteric,  external 
iliac,  renal,  and  azygos  veins.  In  the  renal  and  portal  veins  it  extends  through 
the  whole  thickness  of  the  outer  coat,  but  in  the  other  veins  mentioned  a  laver  of 
connective  and  elastic  tissue  is  found  external  to  the  muscular  fibres.  All  the  large 
veins  which  open  into  the  heart  are  covered  for  a  short  distance  with  a  layer  of 
striped  muscular  tissue  continued  on  to  them  from  the  heart.  Muscular  tissue  is 
wanting  in  the  veins — (1)  of  the  maternal  part  of  the  placenta ;  (2)  in  the  venous 
sinuses  of  the  dura  mater  and  the  veins  of  the  pia  mater  of  the  brain  and  spinal 
cord ;  (3)  in  the  veins  of  the  retina ;  (4)  in  the  veins  of  the  cancellous  tissue  of 
bones ;  (5)  in  the  venous  spaces  of  the  corpora  cavernosa.  The  veins  of  the  above- 
mentioned  parts  consist  of  an  internal  endothelial  lining  supported  on  one  or  more 
layers  of  areolar  tissue.  The  internal  and  external  jugular  veins  and  the  subclavian 
vein  are  said  to  contain  either  no  muscular  fibres  at  all,  or  at  all  events  only  a 
slight  amount  in  their  middle  coat. 

Most  veins  are  provided  with  valves,  which  serve  to  prevent  the  reflux  of  the 
blood.     They  are  formed  by  a  reduplication  of  the  inner  coat,  strengthened  by 
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connective  tissue  and  elastic  fibres,  and  are  covered  on  both  surfaces  with  endo- 
theiiam.  the  arrangement  of  which  differs  on  the  two  surfaces.  On  the  surface 
of  the  valve  next  the  wall  of  the  vein  the  ceDs  are  arranged  transversely ;  whilst 
on  the  other  surface,  over  which  the  current  of  blood  flows,  the  cells  are  arranged 
verticalK-  in  the  direction  of  the  current.  Their  form  is  semilunar.  They  are 
attached  by  their  convex  edge  to  the  wall  of  the  vein ;  the  concave  margin  is  free, 
directed  in  the  course  of  the  venous  current,  and  lies  in  close  apposition  with  the 
wall  of  the  vein  &s  long  as  the  current  of  blood  takes  its  natural  course;  if,  how- 
ever, any  regurgitation  takes  place,  the  valves  become  distended,  their  opposed 
edges  are  brought  into  contact,  and  the  current  is  intercepted.  Most  commonly 
two  Buch  valves  are  found  placed  opposite  one  another,  more  especially  in  the 
smaller  veins  or  in  the  larger  trunks  at  the  point  where  they  are  joined  by  smaller 
branches;  occasionally  there  are  three  and  sometimes  only  one.  The  wall  of  the 
vein  on  the  cardiac  side  of  the  point  of  attachment  of  each  segment  of  the  valve 
is  expanded  into  a  pouch  or  sinus,  which  gives  to  the  vessel,  when  injected  or  dis- 
tended with  blood,  a  knotted  appearance.  The  valves  are  very  numerous  in  the 
veins  of  the  extremities,  especially  of  the  lower  extremities,  these  vessels  having 
to  conduct  the  blood  against  the  force  of  gravity.  They  are  absent  in  the  very 
small  veins — i.  e.  those  less  than  ^  of  an  inch  in  diameter ;  also  in  the  venie 
cavK,  the  hepatic  veins,  portal  vein  and  its  branches,  the  renal,  uterine,  and 
ovarian  veins.  A  few  valves  are  found  in  the  spermatic  veins,  and  one  also  at 
their  point  of  junction  with  the  renal  vein  and  inferior  vena  cava  in  both  sexes. 
The  cerebral  and  spinal  veins,  the  veins  of  the  cancellated  tissue  of  bone,  the 
pulmonary  veins,  and  the  umbilical  vein  and  its  branches,  are  also  destitute  of 
valves.  They  are  occasionally  found,  few  in  number, 
in  the  venae  azygos  and  intercostal  veins. 

The  veins  are  supplied  with  nutrient  vessels,  vasa 
vagorum,  like  the  arteries.  Nerves  also  are  diatrib- 
nied  to  them  in  the  same  manner  as  to  the  arteries, 
but  in  much  less  abundance. 

The  lymphatic  vessels,  including  in  this  term  the 
lacteal  vessels,  which  are  identical  in  structure  with 
them,  are  composed  of  three  coats.     The  internal  is 

an  endothelial  and  elastic  coat.      It  is  thin,   trans-  , 

p»rent,  slightly  elastic,  and  ruptures  sooner  than  the 
other  coats.  It  is  composed  of  a  layer  of  elongated 
epithelial  celts  with  serrated  margins,  bv  which  the 
adjacent  cells  are  dovetailed  into  one  another.  These 
are  supported  on  a  single  layer  of  longitudinal  elastic 
fibres.  The  middle  coat  is  composed  of  smooth  mus- 
cular and  fine  elastic  fibres,  disposed  in  a  transverse 
direction.  The  external,  or  fibro-areolar,  coat  con- 
sists of  filaments  of  connective  tissue,  intermixed  with 
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smooth  muscular  fibres,  longitudinally  or  obliquely  disposed.  It  forms  a  protective 
covering  to  the  other,  coats,  and  serves  to  connect  the  ves.fcl  with  the  neighboring 
structures.     The  above  description  applies  only  to  the  larger  lymphatics ;  in  the 
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smaller  vessels  there  is  no  muscular  or  elastic  coat,  and  their  structure  consists 
only  of  a  connective-tissue  coat,  lined  by  endothelium.  The  thoracic  duct  (Fig. 
61)  is  a  somewhat  more  complex  structure  than  the  other  lymphatics ;  it  presents 
a  distinct  subepithelial  layer  of  branched  corpuscles,  similar  to  that  found  in  the 
arteries,  and  in  the  middle  coat  is  a  layer  of  connective  tissue  with  its  fibres 
arranged  longitudinally.  The  lymphatics  are  supplied  by  nutrient  vessels,  which 
are  distributed  to  their  outer  and  middle  coats ;  but  no  nerves  have  at  present 
been  traced  into  them. 

The  lymphatics  are  very  generally  provided  with  valves,  which  assist  mate- 
rially in  effecting  the  circulation  of  the  fluid  they  contain.  These  valves  are 
formed  of  a  thin  layer  of  fibrous  tissue,  lined  on  both  surfaces  by  endothelium. 
Their  form  is  semilunar ;  they  are  attached  by  their  convex  edge  to  the  sides  of 
the  vessel,  the  concave  edge  being  free  and  directed  along  the  course  of  the  con- 
tained current.  Usually  two  such  valves,  of  equal  size,  are  found  opposite  one 
another ;  but  occasionally  exceptions  occur,  especially  at  or  near  the  anastomoses 
of  lymphatic  vessels.  Thus,  one  valve  may  be  of  very  rudimentary  size  and  the 
other  increased  in  proportion. 

The  valves  in  the  lymphatic  vessels  are  placed  at  much  shorter  intervals  than 
in  the  veins.  They  are  most  numerous  near  the  lymphatic  glands,  and  they  are 
found  more  frequently  in  the  lymphatics  of  the  neck  and  upper  extremity  than  in 
the  lower.  The  wall  of  the  lymphatics  immediately  above  the  point  of  attach- 
ment of  each  segment  of  a  valve  is  expanded  into  a  pouch  or  sinus,  which  gives 
to  these  vessels,  when  distended,  the  knotted  or  beaded  appearance  which  they 
present.  Valves  are  wanting  in  the  vessels  composing  the  plexiform  network  in 
which  the  lymphatics  usually  originate  on  the  surface  of  the  body. 

Origin  of  Lymphatics. — The  finest  visible  lymphatic  vessels  (lymphatic  capil- 
laries) form  a  plexiform  network  in  the  tissues  and  organs,  and  they  consist  of  a 
single  layer  of  endothelial  plates,  with  more  or  less  sinuous  margins.  These  ves- 
sels commence  in  an  intercommunicating  system  of  clefts  or  spaces  in  the  connec- 
tive tissue  of  the  different  organs,  which  have  no  complete  endothelial  lining.  They 
have  been  named  the  rootlets  of  the  lymphatics,  and  are  identical  with  the  spaces 
in  which  the  connective-tissue  corpuscles  are  contained.  This  then  is  properly 
regarded  as  one  method  of  their  commencement,  when  the  lymphatic  vessels  are 
apparently  continuous  with  spaces  in  the  connective  tissue,  and  Klein  has  described 
and  figured  a  direct  communication  between  these  spaces  and  the  lymphatic  vessel.* 
But  the  lymphatics  have  also  other  modes  of  origin,  for  the  intestinal  lacteals 
commence  by  closed  extremities,  though  some  observers  believe  that  the  closed 
extremity  is  continuous  with  a  minute  network  contained  in  the  substance  of  the 
villus,  through  which  the  lacteal  is  connected  wuth  the  epithelial  cells  covering  it. 
Again,  it  seems  now  to  be  conclusively  proved  that  the  serous  membranes  present 
stomata  or  openings  between  the  epithelial  cells  (Fig.  62)  by  which  there  is  an 
open  communication  with  the  lymphatic  system,  and  through  which  the  lymph  is 
thought  to  be  pumped  by  the  ultimate  dilatation  and  contraction  of  the  serous 
surface,  due  to  the  movements  of  respiration  and  circulation,^  so  that  the  serous 
and  synovial  sacs  may  be  regarded,  in  a  certain  sense,  as  large  lymph-cavities  or 
sinuses.  Von  Recklinghausen  was  the  first  to  observe  the  passage  of  milk  and 
other  colored  fluids  through  these  stomata  on  the  peritoneal  surface  of  the 
central  tendon  of  the  diaphragm.  Again,  in  most  glandular  structures  the 
lymphatic  capillaries  have  a  lacunar  origin.  Here  they  begin  in  irregular  clefts  or 
spaces  in  the  tissue  of  the  part ;  occupying  the  penetrating  connective  tissue  and 
surrounding  the  lacunae  or  tubules  of  the  gland,  and  in  many  places  separating  the 
capillary  network  from  the  alveolus  or  tubule,  so  that  the  interchange  between  the 
blood  and  the  secreting  cells  of  the  part  must  be  carried  on  through  this  lymph- 

*  Adas  of  Histology^  pi.  viii.  fig.  xiv. 

*  The  resemblance  between  lymph  and  serum  led  Hewson  long  ago  to  regard  the  serous  cavities 
as  sacs  into  which  the  lymphatics  open.  Recent  microscopic  discoveries  confirm  this  opinion  in  a 
very  interesting  manner. 
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space  or  lacuna.  Closely  allied  to  this  is  the  mode  of  origin  of  lymphatics  in 
perivascular  and  perineural  spaces.  Sometimes  a  minute  artery  may  be  seen  to  be 
ensheathed  fur  a  certain  distance  by  a  lymphatic  capillary  vessel,  which  is 
often  many  times  wider  than  a  blood-capillary.  These  are  knovrn  as  perivascular 
lymphatics. 

Terminations  of  Lymphatics. — The  lymphatics,  including  the  lacteals,  discharge 
their  contents  into  the  veins  at  two  points;  namely,  at  the  angles  of  junction 
nf  the  subclavian  and  internal  jugular  veins:  on  the  left  side  by  means  of  the 
thoracic  duct,  and  on  the  right  side  by  the  right  lymphatic  duct.  (See  description 
of  lymphatics  on  a  subsequent  page.) 

Lymphatic  glands  {conglobate  glands)  are  small  oval  or  bean-shaped  bodies, 
sitnated  in  the  course  of  lymphatic  and  lacteal  vessels,  so  that  the  lymph  and  chyle 
pass  through  them  on  their  way  to  the  blood.  They  generally  present  on  one 
side  a  slight  depression — the  kilum — through  which  the  blood-vessels  enter  and 
leave  the  interior.  The  efferent  lymphatic  vessel  also  emerges  from  the  gland  at 
this  spot,  while  the  afferent  vessels  enter  the  organ  at  different  parts  of  the 
periphery.  On  section  (Fig.  63),  a  lymphatic  gland  displays  two  different  struc- 
tures: an  external,  of  lighter  color — the  cortical;  and  an  internal,  darker — the 
medullary.  The  cortical  structure  does  not  form  a  complete  investment,  but  is 
deficient  at  the  hilum,  where  the  medullary  portion  reaches  the  surface  of  the 
gland;  so  that  the  efferent  vessel  is  derived  directly  from  the  medullary  structure, 
while  the  afferent  vessels  empty  themselves  into  the  cortical  substance. 

Lymphatic  glands  consist  of  (1)  a  fibrous  envelope,  or  capsule,  from  which  a 
framework  of  processes  [trabeeul<e)  proceed  inward,  dividing  the  gland  into  open 
spaces  (alveoli)  freely  communicating  with  each  other;  (2)  a  quantity  of  adenoid 
tissue  occupying  these  spaces  without  completely  filling  them  ;  (3)  a  free  supply 
of  blood-vessels,  which  are  supported  on  the  trabeculse ;  and  (4)  the  afferent  and. 
efferent  vessels.  Little  is  known  of  the  nerves,  though  Kblliker  describes  some 
fine  nervous  filaments  passing  into  the  hilum. 

The  capsule  is  composed  of  a  layer  of  connective  tissue,  and  from  its  internal 
surface  are  given  off  a  number  of  membranous  septa  or  lamella,  consisting,  in  man, 
of  connective  tissue,  with  a  small  admixture  of  muscular  fibre-cells ;  but  in  many 
of  the    lower  animals  composed  almost  entirely  of  involuntary  muscular  fibre. 
They  pass  inward,  radiating  toward  the  centre  of  the  gland,  for  a  certain  distance ; 
that  is  to  say,  for  about  one-third  or  one-fourth  of  the  space  between  the  circum- 
ference  and   the   centre   of  the  gland. 
They  thus  divide  the  outer  part  of  its 
interior  into  a  number  of  oval  compart- 
ments or  alveoli  (Fig.  63).     This  is  the 
cortical    portion   of   the   gland.     After 
having   penetrated   into   the   gland   for 
some  distance,  these  septa  break  up  into 
a  number   of   smaller  trabeculse,  which 
form  flattened  bands  or  cords,  interlacing 
with  each  other  in  all  directions,  forming 
in  the  central  part  of  the  organ  a  num- 
ber of  intercommunicating  spaces,  also 
called    alveoli.     This   is   the   medullary 

portion  of  the   gland,  and    the   spaces  or  Fia.  63,— Senlon  nrsninU  lj-mph«tlc  ilana.  half 

',,....*,-,  "^       .      ^         cUBerammatirAlly    riven.    wUh    the   course   of  [he 

alveoli  in  it  not  only  Ireely  communicate      lymph,   a  The  envelope,    ft.  i^pta  between  the  fol- 

with  each  other,  but  also  with  the  alveoli     ;l^^|^o7th'i^S^U'hi^?A^!>WUo  iKm.^' 

of  the  cortical  portion.     In  these  alveoli     ^HL'"^i"'D*iftren'i  iy™CMc'^treL'iE^whtS""u> 

or    spaces    (Fig.     64)    is      contained     the       rounil  ttie  toUlclea,  and  flow  throunh  the  intoistitwi 

•^  ijvj'  1  L'jo'  lh«  medullary  portion,    g.    CoQliuencc  of  these 

proper      gland-substance       or      lymphoid       passing  through  i^eefl^rent  vessel.    A,  Ht  the  hnuiD. 

tissue.     The  gl^nd-pulp  does  not,  how- 
ever, completely  fill  the  alveolar  spaces,  but  leaves,  between  its  outer  margin  and 
the  trabeculse  forming  the  alveoli  a  channel  or  space  of  uniform  width  through- 
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out.     This  is  termed  the  lymph-path  or  lymph-ginua  (Fig.  66).     Running  across  it 
are  a  number  of  trabeculie  of  retiform  connective  tissue,  the  fibres  of  which  are, 


Fia,  ^— From  Ihe  medullary  aubaUnce  of  nn 

Inguinal  Blandoflheox.    (After  Hie.)    o.  I.i-mi>li- 

tube,  Witt)  Its  compllcaled  s^tem  of  veBsele.    Ii. 

Tin.  64.— Follicle  ftom  a,  IvmphMIc  glaiwi  of  the  &og.      RKllnaeula  slrelched  belneeti  (he  tube  and  the 

In  vertical  accllon.    a.  Retlpuiar  suslonURular  substance       "^P".     «■    Portion   of    another  lymph-lube.     rf. 

of  the  more  external  portion,  b.  of  the  more  Internal,  and      be\ila. 

e.  of  the  most  eiternal  and  most  finely  webbod  part  oolhe 

Rurfiice  of  the  follicle,    d.  Origin  of  a  larse  lymph-lube. 

e.  Ofasmallerone.    /.Capsule,    fl.  Pepta.    «.  Vaaafferens, 

t.  Investing  space  of  the  follicle,  with  lu  retlnacula.   k. 

One  uf  the  dlvialona  of  the  aepta.    l.l.  Attachment  of  the 

lymph-tubes  to  the  septa, 

for  the  most  part,  covered  by  ramified  cells.     This  tissue  appears  to  serve  the 

purpose  of  maintaining  the  gland-pulp  in  the  centre  of  the  space  in  its  proper 

position. 

On  account  of  the  peculiar  arrangement  of  the  fi-amework  of  the  organ,  the 

gland-pulp  in  the  cortical  portion  is  disposed  in  the  form  of  nodules,  and  in  the 

medullary  part  in  the  form  of 
rounded  cords.  It  consists  of 
ordinary  lymphoid  tissue,  be- 
ing made  up  of  a  delicate  re- 
ticulum of  retiform  tissue. 
which  is  continuous  with  that 
in  the  lymph-paths,  but  mark- 
ed oif  from  it  by  a  closer  retic- 
ulation; in  its  meshes  are 
closely  packed  lymph-corpus- 
cles, traversed  by  a  dense 
plexus  of  capillary  blood-ves- 
sels. 

The  afferent  veegch,  as 
above  stated,  enter  at  all  parts 
of  the  periphery  of  the  gland, 

Fia.  fiB.-Sectlon  of  l>-mphtttic  gland  tisane,     a.  Trabecutee.    6.      and  after  branching  and  form- 
Small  artery  in  substance  of  same,    c,  Lyniph-palhs.    d.  Lymph-       .  ,  i  ■        i  i 

corpuscles,  t.  cnpiiiary  plexus.  ing  a  deuse  plexus  in  the  sub- 

Stance  of  the  capsule,  open 
into  the  lymph-sin  use."  of  the  cortical  part.  In  doing  this  they  lose  all  their 
coats  except  their  endothelial  lining,  which  is  continuous  with  a  layer  of  similar 
cells  lining  the  lymph-paths.  In  like  manner  the  efferent  vessel  commences 
from  the  lymph-sinuses  of  the  medullary  portion.  The  stream  of  lymph  carried 
to  the  gland  by  the  afferent  vessel  thus  passes  through  the  plexus  in  the  capsule 
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to  the  lymph-paths  of  the  cortical  portion,  where  it  is  exposed  to  the  action  of  the 
gland-pulp;  flowing  through  these,  it  enters  the  paths  or  sinuses  of  the  medullary 
portion,  and  finally  emerges  from  the  hilum  by  means  of  the  efferent  vessel.  The 
stream  of  lymph  in  its  passage  through  the  lymph-sinuses  is  much  retarded  by 
the  presence  of  the  reticulum.  Hence  morphological  elements,  either  normal  or 
morbid,  are  easily  arrested  and  deposited  in  the  sinuses.  This  is  a  matter  of  con- 
siderable importance  in  connection  with  the  subject  of  poisoned  wounds  and  the 
absorption  of  the  poison  by  the  lymphatic  system,  since  by  this  means  septic 
organisms  carried  along  the  lymphatic  vessels  may  be  arrested  in  the  lymph-sinuses 
of  the  gland  tissue,  and  thus  be  prevented  from  entering  the  general  circulation. 
The  arteries  of  the  gland  enter  at  the  hilum,  and  either  pass  at  once  to  the  gtand- 
pulp,  to  break  up  into  a  capillary  plexus,  or  else  run  along  the  trabeculfe,  partly 
to  supply  them  and  partly  running  across  the  lymph-paths  to  assist  in  forming  the 
capillary  plexus  of  the  gland-pulp.  This  plexus  traverses  the  lymphoid  tissue, 
but  does  not  pass  into  the  lymph-sinuses.  From  it  the  veins  commence,  and 
emerge  from  the  organ  at  the  same  place  as  that  at  which  the  artery  enters. 

THE  SHUT  AND  ITS  AFPENDAQES. 
The  skin  (Fig.  67)  is  the  principal  seat  of  the  sense  of  touch,  and  may  be 
regarded  as  a  covering  for  the  protection  of  the  deeper  tissues;  it  is  also  an  im- 
portant excretory  and  absorbing  organ.     It  consists  principally  of  a  layer  of 


vascular  tissue,  named  the  derma,  corium,  or  cutin  vera,  and  an  external 


covering 


of  epithelium,  termed  the  epidermis  or  cuticle.     On  the  surface  of  the  former  layi 


Fio.  e;.— A  iccHonal  view  of  tho  cklii  (nmeiUfied). 

»re  the  sensitive  papilla ;  and  within,  or  imbediled  beneath  it,  are  certain   organs 

■ith  special  functions — namely,  the  sweat-ffJands,  hair-fcUivles.and  sebaceous glandt. 

The  spldeimls  or  cuticle  {tcarf-ikin.  Fig.  68)  is  an  epithelial  structure  belong- 


GENERAL    ANATOMY. 


ing  to  the  class  of  stratified  epithelium.     It  is  accurately  moulded  on  the  papillary 
layer  of  the  derma.     It  forms  a  defensive  covering  to  the  surface  of  the  true  skin, 


Fia.  e*.— MIcriMcoplc  section  of  skliL-hnwIntt  Ihe  epldennli  aiiddenn*;  ahalrln 


anil  limits  the  evaporation  of  watery  vapor  from  its  free  surface.  It  varies  in 
thickness  in  different  parts.  In  some  situations,  as  in  the  palms  of  the  hands  and 
soles  of  the  feet,  it  is  thick,  hard,  and  horny  in  texture.  This  may  be  partly  due 
to  the  fact  that  these  parts  are  exposed  to  intermittent  pressure,  but  that  this  is 
not  the  only  cause  is  proved  by  the  fact  that  the  condition  exists  to  a  very  consid- 
erable extent  at  birth.  The  more  superficial  layer  of  cells,  called  the  Aorny  layer 
{stratum  corneitni'),  may  be  separated  by  maceration  from  the  deeper  layers,  which 
are  called  the  rete  mucosum,  and  which  consist  of  several  layers  of  differently 
shapeil  cells.  The  free  surface  of  the  epidermis  is  marked  by  a  network  of  linear 
furrows  of  variable  size,  marking  out  the  surface  into  a  number  of  spaces  of  polyg- 
onal or  lozenge-shaped  form.  Some  of  these  furrows  are  large,  as  opposite  the 
flexures  of  the  joints,  and  correspond  to  the  folds  in  the  derma  produced  by  their 
movements.  In  other  situations,  as  upon  the  hack  of  the  hand,  they  are  exceed- 
ingly fine,  and  intei-sect  one  another  at  various  angles;  upon  the  palmar  surface 
of  the  hand  and  fingers  and  upon  the  sole  of  the  foot  these  lines  are  very  distinct 
and  are  disposed  in  curves.  They  depend  upon  the  large  size  and  peculiar  arrange- 
ment of  the  papillue  upon  which  the  epidermis  is  placed.  The  deep  surface  of  tlie 
epidermis  is  accurately  moulded  upon  the  papillary  laver  of  the  derma,  each  papilla 
being  invested  by  its  epidermic  sheath;  so  that  wlien  this  layer  is  removed  by 
maceration,  it  presents  on  its  under  surface  a  number  of  pits  or  depressions  corre- 
sponding to  the  elevations  in  the  papillte,  as  well  as  the  ridges  left  in  the  intervale 
between  them.  Fine  tubular  prolongations  are  continued  from  this  layer  into  the 
ducts  of  the  sudoriferous  and  sebaceous  glands. 

In  structure,  the  epidermis  consists  of  several  layers  of  epithelial  cells  agglu- 
tinated together  and  having  a  laminated  arrangement.  These  several  layers  may 
be  described  as  composed  of  four  different  strata  from  within  outward:  (1)  The 
rete  Malpigku,  composed  of  several  layers  of  epithelial  cells,  of  which  the  deepest 
layer  is  elongated  in  figure  and  placed  perpendicularly  on  the  surface  of  the 
corium,  their  lower  ends  being  denticulate,  to  fit  into  corresponding  denticula- 
tions  of  the  true  skin:  while  the  succeeding  lamina  consist  of  cells  of  a  more 
rounded  or  polyhedral  form,  the  contents  of  which  are  soft,  opaque,  granular,  and 
soluble  in  acetic  acid.  They  are  often  marked  on  their  surfaces  with  ridges  and 
furrows,  and  are  covered  with  numerous  fibrils,  which  connect  the  surfaces  of  the 
cells :  these  are  known  as  prickle  cells  (see  page  43).  (2)  Immediately  superficial 
to  these  is  a  single  layer  of  flattened,  spindle-shaped  cells,  the  granular  lai/er, 
which  contain  granules  that  become  deeply  stained  in  hsematoxylin.     They  arc 
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supposed  to  be  cells  in  a  transitional  stage  between  the  protoplasmic  cells  of  the 
rete  Malpighii  and  the  horny  cells  of  the  superficial  layers.  (3)  Above  this  layer 
the  cells  become  indistinct,  and  appear,  in  sections,  to  form  a  homogeneous  or 
dimly  striated  membrane,  composed  of  closely  packed  scales,  in  which  traces  of  a 
flattened  nucleus  may  be  found.  It  is  called  the  stratum  lucidum,  (4)  As  these 
cells  successively  approach  the  surface  by  the  development  of  fresh  layers  from 
beneath,  they  assume  a  flattened  form  from  the  evaporation  of  their  fluid  contents, 
and  consist  of  many  layers  of  horny  epithelial  scales  in  which  no  nucleus  is 
discernible,  forming  the  stratum  comeum.  These  cells  apparently  become 
changed  in  their  chemical  composition,  as  they  are  now  unaffected  by  acetic  acid. 
The  deepest  layer  of  the  rete  Malpighii  is  separated  from  the  papillae  by  an 
apparently  homogeneous  basement  membrane,  which  is  most  distinctly  brought 
into  view  in  specimens  prepared  with  chloride  of  gold.  This,  according  to  Klein, 
is  merely  the  deepest  portion  of  the  epithelium,  and  is  "  made  up  of  the  basis  of 
the  individual  cells,  which  have  undergone  a  chemical  and  morphological  altera- 
tion." The  black  color  of  the  skin  in  the  negro  and  the  tawny  color  among 
some  of  the  white  races  is  due  to  the  presence  of  pigment  in  the  cells  of  the 
cuticle.  This  pigment  is  more  especially  distinct  in  the  cells  of  the  deeper  layer 
or  rete  mucosum,  and  is  similar  to  that  found  in  the  cells  of  the  pigmentary  layer 
of  the  retina.  As  the  cells  approach  the  surface  and  desiccate,  the  color  becomes 
partially  lost. 

The  derma,  corium,  or  cutis  vera,  is  tough,  flexible,  and  highly  elastic,  in  order 
to  defend  the  parts  beneath  from  violence. 

It  varies  in  thickness,  from  a  quarter  of  a  line  to  a  line  and  a  half,  in  differ- 
ent parts  of  the  body.  Thus  it  is  very  thick  in  the  palms  of  the  hands  and  soles 
of  the  feet ;  thicker  on  the  posterior  aspect  of  the  body  than  the  front,  and  on  the 
cater  than  the  inner  side  of  the  limbs.  In  the  eyelids,  scrotum,  and  penis  it  is 
exceedingly  thin  and  delicate.  The  skin  generally  is  thicker  in  the  male  than  in 
the  female,  and  in  the  adult  than  in  the  child. 

The  corium  consists  of  fibrous  connective  tissue,  with  a  large  admixture  of 
elastic  fibres  and  numerous  blood-vessels,  lymphatics,  and  nerves.  The  fibro- 
areolar  tissue  forms  the  framework  of  the  cutis,  and  is  differently  arranged  in 
different  parts,  so  that  it  is  usual  to  describe  it  as  consisting  of  two  lavers :  the 
deeper  or  reticular  layer,  and  the  superficial  or  papillary  layer.  U^nstriped 
muscular  fibres  are  found  in  the  superficial  layers  of  the  corium,  wherever  hairs 
are  found ;  and  in  the  subcutaneous  areolar  tissue  of  the  scrotum,  penis,  labia 
majora  of  the  female,  and  the  nipples.  In  the  latter  situation  the  fibres  are 
arranged  in  bands,  closely  reticulated  and  disposed  in  superimposed  laminae. 

The  reticular  layer  consists  of  strong  interlacing  fibrous  bands,  composed 
chiefly  of  the  white  variety  of  fibrous  tissue,  but  containing,  also,  some  fibres  of 
the  yellow  elastic  tissue,  which  vary  in  amount  in  different  parts,  and  connective- 
tissue  corpuscles,  which  are  often  to  be  found  flattened  against  the  white  fibrous 
tissue-bundles.  Toward  the  attached  surface  the  fasciculi  are  large  and  coarse, 
and  the  areolae  which  are  left  by  their  interlacement  are  large,  and  occupied  by 
adipose  tissue  and  sweat-glands.  Below  this  the  elements  of  the  skin  become 
gradually  blended  with  the  subcutaneous  areolar  tissue,  which,  except  in  a  few 
situations,  contains  fat.  Toward  the  free  surface  the  fasciculi  are  much  finer, 
and  their  mode  of  interlacing  close  and  intricate. 

The  papillary  layer  is  situated  upon  the  free  surface  of  the  reticular  layer  ;  it 
consists  of  numerous  small,  highly  sensitive,  and  vascular  eminences,  the  papillce^ 
which  rise  perpendicularly  from  its  surface,  and  form  the  essential  element  of  the 
organ  of  touch.  The  papillae  are  conical-shaped  eminences,  having  a  round  or 
blunted  extremity,  occasionally  divided  into  two  or  more  parts  and  connected  by  a 
thin  base  with  the  free  surface  of  the  corium.  Their  average  length  is  about  yj-^- 
of  an  inch,  and  they  measure  at  their  base  ^^  of  an  inch  in  diameter.  On  the 
general  surface  of  the  body,  more  especially  in  those  parts  which  are  endowed 
with  slight  sensibility,  they  are  few  in  number,  short,  exceedingly  minute,  and 
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irregularly  scattered  over  the  surface ;  but  in  some  situations,  as  upon  the  palmar 
surface  of  the  hands  and  fingers,  upon  the  plantar  surface  of  the  feet  and  toes, 
and  around  the  nipple,  they  are  long,  of  large  size,  closely  aggregated  together, 
and  arranged  in  parallel  curved  lines,  forming  the  elevated  ridges  seen  on  the  free 
surface  of  the  epidermis.  In  these  ridges  the  larger  papillae  are  arranged  in  a 
double  row,  with  smaller  papillae  between  them;  and  these  rows  are  subdivided 
into  small  square-shaped  spaces  by  short  transverse  furrows,  regularly  disposed ; 
in  the  centre  of  each  of  these  transverse  furrows  is  the  minute  orifice  of  the  duct 
of  a  sweat-gland.  No  papillae  exist  in  the  grooves  between  the  ridges.  In 
structure  the  papillae  consist  of  very  small  and  closely  interlacing  bundles  of 
finely  fibrillated  tissue,  with  a  few  elastic  fibres. 

The  arteries  supplying  the  skin  form  a  network  in  the  subcutaneous  tissue, 
from  which  branches  are  given  off  to  supply  the  sweat-glands,  the  hair-follicles, 
and  the  fat.  Other  branches  are  given  off  which  form  a  plexus  immediately 
beneath  the  corium ;  from  this  fine  capillary  vessels  pass  into  the  papillae,  forming, 
in  the  smaller  papillae,  a  single  capillary  loop,  but  in  the  larger  a  more  or  less 
convoluted  vessel.  There  are  numerous  It/mphatics  supplied  to  the  skin  which 
form  two  networks,  superficial  and  deep,  communicating  with  each  other  and  with 
those  of  the  subcutaneous  tissue  by  oblique  branches.  They  originate  in  the  cell- 
spaces  of  the  tissue. 

The  nerves  of  the  skin  terminate  partly  in  the  epidermis  and  partly  in  the  cutis 
vera.  The  former  form  a  dense  plexus  in  the  superficial  layer  of  the  corium, 
which  extends  horizontally  and  gives  off  numerous  fibrils ;  these  are  prolonged 
into  the  epidermis,  and  terminate  between  the  cells,  either  in  bulbous  extremities 
or  in  a  network ;  or,  according  to  more  recent  observations,  in  the  deep  epithelial 
cells  themselves.  The  latter  terminate  in  end-bulbs,  touch-corpuscles,  or  Pacinian 
bodies  in  the  manner  already  described ;  and,  in  addition  to  these,  a  considerable 
number  of  fibrils  are  distributed  to  the  hair-follicles,  which  are  said  to  entwine 
the  follicle  in  a  circular  manner.  Other  nerve-fibres  are  supplied  to  the  plain 
muscular  tissues  of  the  hair-muscles  (arrectores  pili)  and  to  the  muscular  coat  of 
the  blood-vessels.     These  are  probably  non-medullated  fibres. 

The  appendages  of  the  skin  are  the  nails,  the  hairs,  the  sudoriferous  and 
sebaceous  glands,  and  their  ducts. 

The  nails  and  hairs  are  peculiar  modifications  of  the  epidermis,  consisting 
essentially  of  the  same  cellular  structure  as  that  tissue. 

The  nails  are  flattened,  elastic  structures  of  a  horny  texture,  placed  upon  the 
dorsal  surface  of  the  terminal  phalanges  of  the  fingers  and  toes.  Each  nail  is 
convex  on  its  outer  surface,  concave  within,  and  is  implanted  by  a  portion,  called 
the  root,  into  a  groove  in  the  skin ;  the  exposed  portion  is  called  the  body,  and  the 
anterior  extremity  the  free  edge.  The  nail  has  a  very  firm  adhesion  to  the  cutis, 
being  accurately  moulded  upon  its  surface,  as  the  epidermis  is  in  other  parts.  The 
part  of  the  cutis  beneath  the  body  and  root  of  the  nail  is  called  the  matrix^  because 
it  is  the  part  from  which  the  nail  is  produced.  Corresponding  to  the  body  of  the 
nail,  the  matrix  is  thick,  and  covered  with  large,  highly  vascular  papillae,  arranged 
in  longitudinal  rows,  the  color  of  which  is  seen  through  the  transparent  tissue. 
Behind  this,  near  the  root  of  the  nail,  the  papillae  are  small,  less  vascular,  and 
have  no  regular  arrangement,  and  here  the  tissue  of  the  nail  is  somewhat  more 
opaque ;  hence  this  portion  is  of  a  whiter  color,  and  is  called  the  lunula  on 
account  of  its  shape. 

The  cuticle,  as  it  passes  forward  on  the  dorsal  surface  of  the  finger  or  toe,  is 
attached  to  the  surface  of  the  nail,  a  little  in  advance  of  its  root ;  at  the  extremity 
of  the  finger  it  is  connected  with  the  under  surface  of  the  nail  a  little  behind  its 
free  edge.  The  cuticle  and  horny  substance  of  the  nail  (both  epidermic  structures) 
are  thus  directly  continuous  with  each  other.  The  nails,  in  structure,  consist  of 
cells  having  a  laminated  arrangement,  and  these  are  essentially  similar  to  those 
composing  the  epidermis.  The  deepest  layer  of  cells,  which  lie  in  contact  with 
the  papillae  of  the  matrix,  are  of  elongated  form,  arranged  perpendicularly  to  the 
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surface  and  provided  with  nuclei;  those  which  succeed  them  are  of  a  rounded  or 
polygonal  form,  the  more  superficial  ones  becoming  broad,  thin,  and  flattened,  and 
ao  closely  compacted  as  to  make  the  limits  of  each  cell  very  indistinct.  It  is  by 
the  successive  growth  of  new  cells  at  the  root  and  under  surface  of  the  body  of 
the  nail  that  it  advances  forward  and  maintains  a  due  thickness,  whilst,  at  the 
same  lime,  the  growth  of  the  nail  in  the  proper  direction  is  secured.  As  these 
cells  in  their  turn  become  displaced  by  the  growth  of  new  cells,  they  assume  a 
flattened  form,  lose  their  nuclei,  and  finally  become  closely  compacted  together 
into  a  firm,  dense,  horny  texture.  In  chemical  eomponition  the  nails  resemble 
fpidermis.  According  to  Mulder,  they  contain  a  somewhat  larger  proportion  of 
carb'in  and  sulphur. 

The  hairs  are  peculiar  modifications  of  the  epidermis,  and  consist  essentially 
of  the  same  structure  as  that  membrane.  They  are  found  on  nearly  every  part  of 
ihe  surface  of  the  body,  excepting  the  palms  of  the  hands,  soles  of  the  feet,  and 
the  penis.  They  vary  much  in  length,  thickness,  and  color  in  different  parts  of 
the  body  and  in  different  races  of  mankind.  In  some  parts,  as  in  the  skin  of  the 
eyelids,  they  are  so  short  as  not  to  project  beyond  the  follicles  containing  them ; 
in  other  parts,  as  upon  the  scalp,  they  are  of  considerable  length  :  again,  in  other 
parts,  as  the  eyelashes,  the  hairs  of  the  pubic  region,  and  the  male  whiskers  and 
beard,  they  are  remarkable  for  their  thickness.  The  hairs  generally  present  a 
cylindrical  or  more  or  less  flattened  form  and  a  reniform  outline  upon  transverse 

A  hair  consists  of  a  root,  the  part  implanted  in  the  skin ;  the  shaft  or  stem,  the 
portion  projecting  from  its  surface:  and  the  point. 

The  root  of  the  hair  presents  at  its  extremity  a  bulbous  enlargement,  which  ia 
whiter  in  color  and  softer  in  texture  than  the  shaft,  and  is  lodged  in  a  follicular 
involution  of  the  epidermis  called  the  katr-foUich.     When  the  hair  is  of  consider- 
able length  the  follicle  extends  into  the  subcutaneous  cellular  tissue.     The  hair- 
follicle  commences  on  the  surface  of  the  skin  with  a  funnel-shaped  opening,  and 
[lasses  inward  in  an  oblique  direction  to  become  dilated  at  its  deep  extremity,  to 
correspond  with  the  bulbous  condition  of  the  hair  which 
it  contains.     It  has  opening  into  it,  near  its  free  ex- 
tremity, the  orifices  of  the  duets  of  one  or  more  seba- 
ceous glands  (Fig.  68).     At  the  bottom  of  each  hair- 
follicle  is  a  small  conical  vascular,  eminence  or  papilla, 
similar  in  every  respect  to  those  found  upon  the  sur- 
face of  the  skin;  it  is  continuous  with  the  dermic  layer 
of  the  follicle,  is  highly  vascular  and  probably  supplied 
with  nervous  fibrils;  this  ia  the  part  through  which 
material  is  supplied  for  the  production   and  constant 

growth  of  the  hair.     In  structure  the  hair-follicle  con-  I 

sists  of  two  coats — an  outer  or  dermic,  and  an  inner  or  -t 

epidermic.  i 

The  outer  or  dermic  coa,t  is  formed  mainly  of  fibrous  I 

tissue;  it  is  continuous  with  the  corium.  is  highly 
vascular,  and  supplied  by  numerous  minute  nervous 
filaments.      It  consists  of  three  layers  (Fig.  69),      The 

nmst   internal,  next  the  cuticular  lining  of  the  follicle,  p,,.  m  _TfB,iBvenie  sen\na 

consists   of   a  hyaline  basemen t-m em h ran e,  having  a     of  h^ir-ioiiirie.   i.  ncraiic  imt 

,  ^  -  v-u-ii  ?    3       of  follicle.    2.  Epidermic  cont  or 

jla.*sv,  transparent  appearance,  which  is  well  marked  root-iipaih.  n.  outer  lavcr  or 

in  the  larger  hair-follicles,  but  is  not  very  distinct  in  brve»»°e'iS*,:,.T"c^ro^'.'^;'S^^^^ 

the  follicles  of  minute  hairs.     It  is  continuous  with  the  i!'*outef'^riS"lhea'ti^'/.'7  inl"r 

Wieraent-membrane    of   the   surface   of  the   corium.  root-Bheatii.    n.  cutiole  or  nmt 

K,    .       .1  .       -  ,  r        ■     11       L  J         11  stieHlh,    I.  Hair.    (Kroin  Qualn's 

xtemal  to   this  is  a   layer   oi  spindle-shaped  cells,     .tiituainif,  BieBiadvckii.) 

»rranged  in  a  circular  manner  around  the  follicle,  but 

reaching  only  as  high  as  the  entrance  of  the  ducts  of  the  sebaceous  glands.     This 

is  asually  regarded  as  a  muscular  layer,  the  cells  resembling  unstriped  muscle- 
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cells.     Externally  is  a  thick  layer  of  connective  tissue,  arranged  in  longitudinal 
bundles,  in  which  are  contained  the  blood-vessels  and  nerves. 

The  inner  or  epidermic  layer  is  closely  adherent  to  the  root  of  the  hair,  so 
that  when  the  hair  is  plucked  from  its  follicle  this  layer  most  commonly  adheres 
to  it  and  forms  what  is  called  the  root-sheath.  It  consists  of  two  strata,  named 
respectively  the  outer  and  inner  root-sheath  ;  the  former  of  these  corresponds  with 
the  Malpighian  layer  of  the  epidermis,  and  resembles  it  in  the  rounded  form  and 
soft  character  of  its  cells ;  at  the  bottom  of  the  hair-follicle  these  cells  become  con- 
tinuous with  those  of  the  root  of  the  hair.  The  tJiner  root-sheath  consists  of  a 
delicate  cuticle  next  the  hair ;  then  of  one  or  two  layers  of  horny,  flattened, 
nucleated  cells,  known  as  Huxley's  layer ;  and  finally  of  a  single  layer  of  non- 
nucleated,  horny,  cubical  cells,  called  Henle's  layer. 

The  hair-follicle  contains  the  root  of  the  hair,  which  terminates  in  a  bulbous 
extremity,  and  is  excavated  so  as  to  exactly  fit  the  papilla  from  which  it  grows. 
The  bulb  is  composed  of  polyhedral  epithelial  cells,  which  as  they  pass  upward 
into  the  root  of  the  hair  become  elongated  and  spindle-shaped,  except  some  in  the 
centre  which  remain  polyhedral.  Some  of  these  latter  cells  contain  pigment- 
granules,  which  give  rise  to  the  color  of  the  hair.  It  occasionally  happens  that 
these  pigment-granules  completely  fill  the  cells  in  the  centre  of  the  bulb,  which 
gives  rise  to  the  dark  tract  of  pigment  often  found,  of  greater  or  less  length,  in 
the  axis  of  the  hair. 

The  shaft  of  the  hair  consists  of  a  central  pith  or  medulla,  the  fibrous  part  of 
the  hair,  and  the  cortex  externally.  The  medulla  occupies  the  centre  of  the  shaft 
and  ceases  toward  the  point  of  the  hair.  It  is  usually  wanting  in  the  fine  hairs 
covering  the  surface  of  the  body,  and  commonly  in  those  of  the  head.  It  is  more 
opaque  and  deeper  colored  when  viewed  by  transmitted  light  than  the  fibrous  part ; 
but  when  viewed  by  reflected  light  it  is  white.  It  is  composed  of  rows  of  poly- 
hedral cells,  which  contain  air-bubbles.  The  fibrous  portion  of  the  hair  consti- 
tutes the  chief  part  of  the  shaft ;  its  cells  are  elongated  and  unite  to  form  flattened 
fusiform  fibres.  Between  the  fibres  are  found  minute  spaces  which  contain  either 
pigment-granules  in  dark  hair  or  minute  air-bubbles  in  white  hair.  In  addition 
to  this  there  is  also  a  diffused  pigment  contained  in  the  fibres.  The  cells  which 
form  the  cortex  of  the  hair  consist  of  a  single  layer  which  surrounds  those  of 
the  fibrous  part ;  they  are  converted  into  tJEiin,  flat  scales,  having  An  imbricated 
arrangement. 

Connected  with  the  hair-follicles  are  minute  bundles  of  involuntary  muscular 
fibres,  termed  arrectores  pili.  They  arise  from  the  superficial  layer  of  the  corium, 
and  are  inserted  into  the  outer  surface  of  the  hair-follicle,  below  the  entrance  of 
the  duct  of  the  sebaceous  gland.  They  are  placed  on  the  side  toward  which  the 
hair  slopes,  and  by  their  action  elevate  the  hair  (Fig.  68). 

The  sebaceous  glands  are  small,  sacculated,  glandular  organs,  lodged  in  the 
substance  of  the  corium.  They  are  found  in  most  parts  of  the  skin,  but  are  most 
abundant  in  the  scalp  and  face :  they  are  also  very  numerous  around  the  apertures 
of  the  anus,  nose,  mouth,  and  external  ear ;  but  are  wanting  in  the  palms  of  the 
hands  and  soles  of  the  feet.  Each  gland  consists  of  a  single  duct,  more  or  less 
capacious,  which  terminates  in  a  cluster  of  small  secreting  pouches  or  saccules. 
The  sacculi  connected  with  each  duct  vary,  as  a  rule,  in  numbers  from  two  to  five, 
but,  in  some  instances,  may  be  as  many  as  twenty.  They  are  composed  of  a 
transparent,  colorless  membrane,  enclosing  a  number  of  cells.  Of  these  the  outer 
layer  or  marginal  cells  are  small,  polyhedral,  epithelial  cells,  continuous  with  the 
lining  cells  of  the  duct.  The  remainder  of  the  sac  is  filled  with  larger  cells,  con- 
taining fat,  except  in  the  centre,  where  the  cells  have  become  broken  up,  leaving 
a  cavity  containing  the  d<?bris  of  cells  and  a  mass  of  fatty  matter,  which  consti- 
tutes the  sebaceous  secretion.  The  orifices  of  the  ducts  open  most  frequently  into 
the  hair-follicles,  but  occasionally  upon  the  general  surface.  On  the  nose  and  face 
the  glands  are  of  large  size,  distinctly  lobulated,  and  often  become  much  enlarged 
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from  the  accumulation  of  pent-up  secretion.     The  largest  sebaceous  glands  are 
tboae  found  in  the  eyelids — the  Meibomian  glands. 

The  sudorlferoas  or  Bweat  glands  are  the  organs  by  which  a  large  portion  of 
the  aqueous  and  gaseous  materials  are  excreted  by  the  skin.     They  are  found  in 
almost  every  part  of  this  structure,  and  are  situated  in  small  pits  in  the  deep  parts 
of  the  corium,  or,  more  frequently,  in  the  subcutaneous  areolar  tissue,  surrounded 
by  a  quantity  of  adipose  tissue.     They  are  small,  lobular,  reddish  bodies,  consist- 
ing of  a  single  convoluted  tube,  from  which  the  afferent  duct  proceeds  upward 
through  the  corium  and  cuticle,  becomes  somewhat  dilated  at  its  extremity,  and 
opens  on  the  surface  of  the  cuticle  by  an  oblique  valve-like  aperture.     The  efferent 
duct,  as  it  passes  through  the  epidermis,  presents  a  spiral  arrangement,  being 
twisted  like  a  corkscrew,  in  those  parts  where  the  epidermis  is  thick ;  where,  how- 
ever, it  is  thin,  the  spiral  arrangement  does  not  exist.     In  the  superficial  layers 
of  the  corium  the  duct  is  straight,  but  in  the  deeper  layers  it  is  convoluted  or  even 
twisted.      The  spiral  course  of  these  ducts  is  especially  distinct  in  the  thick  cuticle 
of  the  palm  of  the  hand  and  sole  of  the  foot.     The  size  of  the  glands  varies. 
They  are  especially  large  in  those  regions  where  the  amount  of  perspiration  is 
great,  as  in  the  axillse,  where  they  form  a  thin,  mammillated  layer  of  a  reddish 
color,  which  corresponds  exactly  to  the  situation  of  the  hair  in  this  region;  they 
are  large  also  in  the  groin.     Their  number  varies.     They  are  most  numerous  on 
the  palm  of  the  hand,  presenting,  according  to  Krause,  2800  orifices  on  a  square 
inch  of  the  integument,  and  are  rather  less  numerous  on  the  sole  of  the  foot.     In 
both  of  these  situations  the  orifices  of  the  ducts  are  exceedingly  regular,  and  cor- 
respond to  the  small  transverse  grooves  which  intersect  the  ridges  of  the  papillae. 
In  other  situations  they  are  more  irregularly  scattered,  but  in  nearly  equal  num- 
bers, over  parts  including  the  same  extent  of  surface.     In  the  neck  and  back  they 
are  least  numerous,  their  number  amounting  to  417  on  the  square  inch  (Krause). 
Their  total  number  is  estimated  by  the  same  writer  at  2,381,248,  and,  supposing 
the  aperture  of  each  gland  to  represent  a  surface  of  jlj-  of  a  line  in  diameter,  he 
calculates  that  the  whole  of  these  glands  would  present  an  evaporating  surface  of 
about  eight  square  inches.     Each  gland  consists  of  a  single  tube  intricately  con- 
voluted, terminating  at  one  end  by  a  blind  extremity,  and  opening  at  the  other 
end  upon  the  surface  of  the  skin.     In  the  larger  glands  this  single  duct  usually 
divides  and  subdivides  dichotomously  ;  the  smaller  ducts  ultimately  terminating  in 
short  cfecal  pouches,  rarely  anastomosing.     The  wall  of  the  duct  is  thick,  the 
width  of  the  canal  rarely  exceeding  one-third  of  its  diameter.     The  tube,  both  in 
the  gland  and  where  it  forms  the  excre- 
tory  duct,    consists   of    two   layers — an 
outer,  formed  by  fine  areolar  tissue,  and 
an    inner    layer    of    epithelium.      The 
external   or   fihro-cellular   coat   is   thin, 
continuous  with  the  superficial  layer  of 
the  corium,   and   extends   only  as  high 
as   the   surface  of   the  true  skin.     The 
epithelial  lining  in  the  distal  part  of  the 
coiled  lube  of  the  gland  proper  consists 
of  a  single  layer  of  cubical  epithelium, 
supported  on  a  basement  membrane,  and 
beneath  it,  between  the  epithelium  and 
the  fibro-cellular  coat,  a  layer  of  plain 

muscular  fibres   arranged  longitudinally.  F.^.^o.-coiiedtubeof  .sweat-gUndcutinvari- 

In  the  duct  and  the  proximal  part  of  the       ous  directions,    o   IxmnltudiiialBectlonoftheproil- 
.,     ,    ,    ,  -   _,  .^^     J  "^     .  mal  part  of  the  folleil  tube.    6.  Transverse  iection  of 

coiled  tube  Oi    the  gland  proper  there  are       Ihesamc.  c.Longltudlnalarctloii  or  the  distal  part  of 

two  or  more  layers  of  polyhedral  cells.     (F™m''wein't;. Aow"  smith' s^^rt«,j'^mi,rf^O 
lined  on  their  internal  surface — t.  e.  next 

ihe  lumen  of  the  tube — by  a  delicate  membrane  or  cuticle,  and  on  their  outer  sur- 
face by  a  limiting  membrana  propria,  but  there  are  no  muscular  fibres.     The 


96  GENERAL   ANATOMY. 

epithelium  is  continuous  with  the  epidermis  and  with  the  delicate  internal  cuticle 
which  is  all  that  is  present  in  the  epidermic  portion  of  the  tube.  When  the  cuticle 
is  carefully  removed  from  the  surface  of  the  cutis,  these  convoluted  tubes  of 
epithelium  may  be  drawn  out  and  form  short,  thread-like  processes  on  its  under 
surface. 

The  contents  of  the  smaller  sweat-glands  are  quite  fluid ;  but  in  the  larger 
glands  the  contents  are  semi-fluid  and  opaque,  and  contain  a  number  of  colored 
granules  and  cells  which  appear  analogous  to  epithelial  cells. 

SEROUS  MEMBRANES. 


The  serous  membranes  form  shut  sacs  and  may  be  regarded  as  lymph-sacs, 
from  which  lymphatic  vessels  arise  by  stomatA  or  openings  between  the  epithelial 
cells  (see  page  86).  The  sac  consists  of  one  portion  which  is  applied  to  the  walls 
of  the  cavity  which  it  lines — the  parietal  portion ;  and  another  reflected  over  the 
surface  of  the  organ  or  organs  contained  in  the  cavity — the  visceral  portion. 
Sometimes  the  sac  is  arranged  quite  simply,  as  the  tunica  vaginalis  testis ;  at  others 
with  numerous  involutions  or  recesses,  as  the  peritoneum,  in  which,  nevertheless, 
the  membrane  can  always  be  traced  continuously  around  the  whole  circumference. 
The  sac  is  completely  closed,  so  that  no  communication  exists  between  the  serous 
cavity  and  the  parts  in  its  neighborhood.  An  apparent  exception  exists  in  the 
peritoneum  of  the  female ;  for  the  Fallopian  tube  opens  freely  into  the  peritoneal 
cavity  in  the  dead  subject,  so  that  a  bristle  can  be  passed  from  the  one  into  the  other. 
But  this  communication  is  closed  during  life,  except  at  the  moment  of  the  passage 
of  the  ovum  out  of  the  ovary  into  the  tube,  as  is  proved  by  the  fact  that  no  inter- 
change of  fluids  ever  takes  place  between  the  two  cavities  in  dropsy  of  the  perito- 
neum or  in  accumulation  of  fluid  in  the  Fallopian  tubes.*  The  serous  membrane 
is  often  supported  by  a  firm,  fibrous  layer,  as  is  the  case  with  the  pericardium,  and 
such  membranes  are  sometimes  spoken  of  as  ''fibro-serous." 

The  various  serous  membranes  are  the  peritoneum,  lining  the  cavity  of  the 
abdomen ;  the  two  pleurae  and  the  pericardium,  lining  the  lungs  and  heart  respec- 
tively; and  the  tunicae  vaginales,  surrounding  each  testicle  in  the  scrotum.^ 
Serous  membranes  are  thin,  transparent,  glistening  structures,  lined  on  their  inner 
surface  by  a  single  layer  of  polygonal  or  pavement  endothelial  cells,  supported 
on  a  matrix  of  fibrous  connective  tissue,  with  networks  of  fine  elastic  fibres,  in 
which  is  contained  numerous  capillaries  and  lymphatics.  On  the  surface  of  the 
endothelium  between  the  cells  numerous  apertures  or  interruptions  are  to  be  seen. 
Some  of  these  are  stomata,  surrounded  by  a  ring  of  cubical  epithelium  (see  Fig. 
12),  and  communicate  with  a  lymphatic  capillary  (see  p.  86) ;  others  {pseudosto- 
mata)  are  mere  interruptions  in  the  epithelial  layer,  and  are  occupied  by  pro- 
cesses of  the  branched  connective-tissue  corpuscle  of  the  subjacent  tissue  or  by 
accumulations  of  the  intercellular  cement-substance. 

The  secretion  of  these  membranes  is,  in  most  cases,  only  suflScient  in  quantity 
to  moisten  the  surface,  but  not  to  furnish  any  appreciable  quantity  of  fluid.  When 
a  small  quantity  can  be  collected,  it  appears  to  resemble  in  many  respects  the 
lymph,  and  like  that  fluid  coagulates  spontaneously ;  but  when  secreted  in  large 
quantities,  as  in  dropsy,  it  is  a  watery  fluid,  which  gives  a  precipitate  of  albumen 
on  boiling. 

SYNOVIAL   MEMBRANES. 

Synovial  membranes,  like  serous  membranes,  are  connective-tissue  membranes 
placed  between  two  movable  tissues,  so  as  to  diminish  friction,  as  between  the  two 
articular  ends  of  the  bones  forming  a  movable  joint;  between  a  tendon  and  a 

*  The  communication  between  the  uterine  cavity  and  the  peritoneal  sac  is  not  only  apparent  in 
the  dead  subject,  but  is  an  anatomical  fact,  which  is  establish^  by  the  continuity  of  its  epithelium 
with  that  covering  the  uterus,  Fallopian  tubes,  and  fimbriae. 

^  The  arachnoid  membrane,  lining  the  brain  and  spinal  cord  was  formerly  regarded  as  a  serous 
membrane,  but  is  now  no  longer  classed  with  them,  as  it  differs  from  them  in  structure,  and  does  not 
form  a  shut  siic  as  do  the  other  serous  membranes. 
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bone,  where  the  former  glides  over  the  latter ;  and  between  the  skin  and  various 
subcutaneous  bony  prominences. 

The  synovial  membranes  are  composed  essentially  of  connective  tissue,  with 
the  cells  and  fibres  of  that  structure,  containing  numerous  vessels  and  nerves.  It 
was  formerly  supposed  that  these  membranes  were  analogous  in  structure  to  the 
serous  membranes,  and  consisted  of  a  layer  of  flattened  cells  on  a  basement-mem- 
brane. No  such  cells,  however,  exist,  and  the  only  ones  found  on  the  surface  are 
irregularly  branched  connective-tissue  corpuscles,  similar  to  those  found  through- 
out the  tissue.  Here  and  there  these  cells  are  collected  in  patches  and  present 
the  appearance  of  epithelium,  but  do  not  possess  the  true  characters  of  an  endo- 
thelial layer.  They  are  surrounded  and  held  together  by  an  albuminous  ground- 
substance.  A  further  description  of  the  synovial  membranes  will  be  found  in  the 
descriptive  anatomy  of  the  joints. 

MUCOUS   MEMBRANE. 

Macotis  membranes  line  all  those  passages  by  which  the  internal  parts  com- 
municate with  the  exterior,  and  are  continuous  with  the  skin  at  the  various  orifices 
of  the  surface  of  the  body.  They  are  soft  and  velvety,  and  very  vascular,  and 
their  surface  is  coated  over  by  their  secretion,  mucuH^  which  is  of  a  tenacious  con- 
sistence, and  serves  to  protect  them  from  the  foreign  substances  introduced  into 
the  body  with  which  they  are  brought  in  contact. 

They  are  described  as  lining  -the  two  tracts — the  gastro-pulmonary  and  the 
genito-urinary ;  and  all,  or  almost  all,  mucous  membranes  may  be  classed  as 
belonging  to  and  continuous  with  the  one  or  the  other  of  these  tracts. 

The  external  surfaces  of  these  membranes  are  attached  to  the  parts  which  they 
line  by  means  of  connective  tissue,  which  is  sometimes  very  abundant,  forming  a 
loose  and  lax  bed,  so  as  to  allow  considerable  movement  of  the  opposed  surfaces 
on  each  other.  It  is  then  termed  the  submucous  tissue.  At  other  times  it  is 
exceeding V  scantv,  and  the  membrane  is  closelv  connected  to  the  tissue  beneath : 
sometimes,  for  example,  to  muscle,  as  in  the  tongue;  sometimes  to  cartilage,  as 
in  the  larynx ;  and  sometimes  to  bone,  as  in  the  nasal  fossae  and  sinuses  of  the 
skull. 

In  structure  a  mucous  membrane  is  composed  of  corium  and  epithelium.  The 
epithelium  is  of  various  forms,  including  the  squamous,  columnar,  and  ciliated, 
and  is  often  arranged  in  several  layers  (see  Fig.  11).  This  epithelial  layer  is 
supported  by  the  corium,  which  is  analogous  to  the  derma  of  the  skin,  and  con- 
sists of  connective  tissue,  either  simply  areolar  or  containing  a  greater  or  less 
quantity  of  lymphoid  tissue.  This  tissue  is  usually  covered  on  its  external  surface 
by  a  transparent  structureless  basement-membrane,  and  internally  merges  into  the 
submucous  areolar  tissue.  It  is  onlv  in  some  situations  that  the  basement-mem- 
brane  can  be  demonstrated.  The  corium  is  an  exceedingly  vascular  membrane, 
containing  a  dense  network  of  capillaries,  which  lie  immediately  beneath  the 
epithelium,  and  are  derived  from  small  arteries  in  the  submucous  tissue. 

The  fibro-vascular  layer  of  the  corium  contains,  besides  the  areolar  tissue  and 
vessels,  unstriped  muscle-cells,  which  form  in  many  situations  a  definite  layer, 
called  the  mtiscularis  mucosae.  These  are  situated  in  the  deepest  part  of  the  mem- 
brane, and  are  plentifully  supplied  with  nerves.  Other  nerves  pass  to  the  epi- 
thelium and  terminate  between  the  cells.  Lymphatic  vessels  are  found  in  great 
abundance,  commencing  either  by  caecal  extremities  or  in  networks,  and  com- 
municating with  plexuses  in  the  submucous  tissue. 

Imbedded  in  the  mucous  membrane  are  found  numerous  glands,  and  project- 
ing from  it  are  processes  (villi  and  papillae)  analogous  to  the  papillae  of  the  skin. 
These  glands  and  processes,  however,  exist  only  at  certain  parts,  and  it  will  be 
more  convenient  to  defer  their  description  to  the  sequel,  where  the  parts  are 
described  as  they  occur. 
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8E0KETINO    GLANDS. 


The  secreting  glands  are  organa  in  which  the  blood,  circulating  in  capillary 
vessels,  is  brought  into  contact  with  epithelial  cells,  whereby  certain  elements  are 
separated  ("secreted")  out  of  the  blood.  The  essential  parts  therefore  of  a 
secreting  gland  are  cells,  which  have  the  power  of  extracting  from  the  blood  cer- 
tain matters,  and  in  some  cases  converting  them  into  new  chemical  compounds; 
and  blood-vesseU,  by  which  the  blood  is  brought  into  close  relationship  with  these 
cells.  The  general  arrangement  in  all  secreting  structures — that  is  to  say,  not 
only  in  secreting  glands,  but  also  in  secreting  membranes — is  that  the  cells  are 
arranged  on  one  surface  of  an  extravascular  basement-membrane,  which  supports 
them,  and  a  minute  plexus  of  capillary  vessels  ramifies  on  the  other  surface  of  the 
membrane.  Tlie  cells  then  extract  from  the  blood  certain  constituents  which  pass 
through  the  membrane  into  the  cells  where  they  are  prepared  and  elaborated. 
The  basement-membrane  does  not  however,  always  exist,  and  any  free  surface 
would  appear  to  answer  the  same  purpose  in  some  cases. 

By  the  various  modifications  nf  tbis  secreting  surface  the  different  glands  are 
formed.  This  is  generalh  effected  b\  an  involution  of  the  membrane  in  different 
ways,  the  object  being  to  increase  the  extent  of  secreting  sur&ce  within  a  given 
bulk. 

In  the  simplest  form  a  single  involution  takes  place,  constituting  a  timph 
gland ;  this  may  be  either  in  the  form  of  an  open  tube  (Fig.  71,  a),  or  the  walls 


p.  Com[K)un<l  tubulHr  gland. 

of  the  tube  may  be  dilated  so  as  to  form  a  saccule  (Fig.  71,  b).  These  are  named 
the  aimple  tubular  or  sai^cular  glands.  Or,  instead  of  a  short  tube,  the  involution 
may  be  lengthened  tfl  a  considerable  extent,  and  then  coiled  up  to  occupy  less 
space.  This  constitutes  the  simple  convohtle.d  tubular  gland,  an  example  of  which 
may  be  seen  in  the  sweat-glands  of  the  skin  (Fig.  71,  c). 

If,  instead  of  a  single  involution,  secondary  involutions  take  place  from  the 
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primary  one,  as  in  Fig.  71,  d  and  E,  the  gland  is  then  termed  a  compound  one. 
These  secondary  involutions  may  assume  either  a  saccular  or  tubular  form,  and  so 
constitute  the  two  subdivisions — the  compound  saccular  or  racemose  gland,  and  the 
compound  tubular.  The  racemose  gland  in  its  simplest  form  consists  of  a  primary 
involution  which  forms  a  sort  of  duct,  upon  the  extremity  of  which  are  found  a 
number  of  secondary  involutions,  called  saccules  or  alveoli,  as  in  Brunner's  glands 
(Fig.  71,  d).  But,  again,  in  other  instances,  the  duct,  instead  of  being  simple,  may 
divide  into  branches,  and  these  again  into  other  branches,  and  so  on  ;  each  ultimate 
ramification  terminating  in  a  dilated  cluster  of  saccules,  and  thus  we  may  have  the 
secreting  surface  almost  indefinitely  extended,  as  in  the  salivary  glands  (Fig. 
71,  e).  In  the  compound  tubular  glands  the  division  of  the  primary  duct  takes 
place  in  the  same  way  as  in  the  racemose  glands,  but  the  branches  retain  their 
tubular  form,  and  do  not  terminate  in  saccular  recesses,  but  become  greatly  length- 
ened out  (Fig.  71,  f).  The  best  examples  of  this  form  of  gland  are  to  be  found  in 
the  kidney  and  testicle.  All  these  varieties  of  glands  are  produced  by  a  more  or 
less  complicated  involution  of  a  secreting  membrane,  and  they  are  all  identical  in 
structure ;  that  is  to  say,  the  saccules  or  tubes,  as  the  case  may  be,  are  lined  with 
cells,  generally  spheroidal  or  columnar  in  figure,  and  on  their  outer  surface  is  an 
intimate  plexus  of  capillary  vessels.  The  secretion,  whatever  it  may  be,  is  elimi- 
nated by  the  cells  from  the  blood,  and  is  poured  into  the  saccule  or  tube,  and  so 
finds  it  way  out  through  the  primary  involution  on  to  the  free  surface  of  the 
secreting  membrane.  In  addition,  however,  to  these  glands,  which  are  formed  by  an 
involution  of  the  secreting  membratie,  there  are  some  few  others  which  are  formed 
bv  2l  protrusion  of  the  same  structure,  as  in  the  vascular  fringes  of  synovial  mem- 
branes.    This  form  of  secreting  structure  is  not  nearly  so  frequently  met  with. 


ORIGIN  AND  DEVELOPMENT  OF  THE  BODY. 


THE  whole  body  is  developed  out  of  the  omm  (Fig.  72)  when  fertilized  by  the 
spermatozoa.  The  ovum  is  merely  a  simple  nucleated  cell,  or  collection  of 
protoplasm,  and  the  spermatozoa  disappear  when  they  have  accomplished  their 
mysterious  function.  All  the  complicated  changes  by  which  the  various  intricate 
organs  of  the  whole  body  are  formed  from  one  simple  cell  may  he  reduced  to  two 
generalprocesses — viz.  the  segmentation  or  cleavage  of  cells,  and  their  differentia- 
tion. The  former  process  consists  in  the  splitting  of  the  nucleus  and  its  investing 
cell-wall,  whereby  the  original  cell  is  represented  by  two.  The  differentiation  of 
cells  is  a  term  used  to  describe  that  unknown  power  or  tendency  impressed  on  cells 
which,  to  all  methods  of  examination  now  known,  seem  absolutely  identical, 
whereby  they  grow  into  diff'erent  forms;  so  that  (to  take  the  first  instance 
which  occurs  in  the  growth  of  the  embryo)  the  indifferent  cells  of  the  vascular  area 
are  differentiated,  some  of  them  into  blood-globules,  others  into  the  solid  tissue 
which  forms  the  blood-vessels.     The  extreme  complexity  of  the  process  of  develop- 


Fia.  72.— Ovum  of  tJie  sow.  Fio. 

dle«lie> 
.  11      ■  i-A>      1  I  ->  o.  Vilelline  memorane  or  zona  ftaaaaa. 

ment  renders  it  at  all  times  difficult  to  descnbe     j*-  ^"^FSl  '™'^"  "^  the  yoit  and 
it  intelligibly,  and  still  more  so  in  a  work    like     b°«iw!"  c.  Germinal  v™iJe  %nd^  ^i?S- 
this,  where  adequate  space  and  illustration  can     ""  '■"'■ 
hardly  be  afforded,  having  respect  to  the  main 

purpose  of  the  work.  I  can  only  hope  to  render  the  leading  features  of  the  pro- 
cess tolerably  plain,  and  must  refer  the  reader  who  wishes  to  follow  the  various 
changes  more  minutely  to  the  special  works  on  the  subject,  and  especially  the 
work  of  Foster  and  Balfour.  Many  of  the  statements  which  are  accepted  in 
human  embryology  are  made  only  on  the  strength  of  experiments  on  the  lower 
animals,  direct  observation  on  the  human  subject  being  impossible. 

The  ovum  is  a  small  spheroidal  body  situated  in  immature  Graafian  vesicles 
near  their  centre,  but  in  the  mature  ones  in  contact  with  the  membrana  granulosa' 
at  that  part  of  the  vesicle  which  projects  from  the  surface  of  the  ovary.  The  cells 
of  the  membrana  granulosa  are  accumulated  round  the  ovum  in  greater  number 
than  at  any  other  part  of  the  vesicle,  forming  a  kind  of  granular  zone,  the  digcue 
prolifieruK. 

The  human  ovum  (Fig.  73)  is  extremely  minute,  measuring  from  j^  to^.J^  of 
an  inch  in  diameter.  It  is  a  cell  consisting  externally  of  a  transparent  envelope, 
the  zona  pellucida  or  nitelline  membrane.  Within  this,  and  in  close  contact  with 
it,  is   the  yolk  or  vitellus;   imbedded  in  the  substance  of  the  yolk  is  a  small 

'  See  the  deacription  of  the  ovary  at  a  future  page. 
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vesicalar  body,  the  germinal  vesicle  {vesicle  of  PurJeinje\  the  nucleus  of  the  cell ; 
and  this  contains  as  its  nucleolus  a  small  spot,  the  macula  germinativa,  or  germinal 
9pot  of  Wagner. 

The  sona  pellncida,  or  vitelline  membrane,  is  a  thick,  colorless,  transparent 
membrane,  which  appears  under  the  microscope  as  a  radially  striated  membrane, 
bounded  externally  and  internally  by  a  dark  outline.  The  striae  are  believed  to 
be  minute  pores,  and  are  regarded  as  the  channels  by  which  nutritive  particles 
are  admitted  into  the  interior  of  the  ovum,  and  possibly  the  way  by  which  the 
spermatozoa  gain  access  into  the  interior  of  the  ovum,  after  the  rupture  of  the 
Graafian  follicle.  The  presence  of  these  striae  has  given  to  the  zona  pellucida  the 
name  of  zona  radiatay  or  striated  membrane  of  the  ovum.  The  zona  pellucida 
corresponds  to  the  chorium  of  the  impregnated  ovum. 

The  yolk  consists  of  granular  protoplasm — i.  e,  granules  or  globules  of  various 
sizes,  imbedded  in  a  finely  reticulated  matrix.  The  smaller  granules  resemble 
pigment ;  the  larger  granules,  which  are  in  the  greatest  number  at  the  periphery 
of  the  yolk,  resemble  fat-globules.  In  the  human  ovum  the  number  of  granules 
is  comparatively  small.  Before  and  immediately  after  fertilization  it  shows  dis- 
tinct movements  of  contraction  and  expansion. 

The  germinal  vesicle  consists  of  a  fine,  transparent,  structureless  membrane 
containing  a  clear  matrix,  in  which  are  occasionally  found  a  few  granules.  It  is 
about  y^  of  an  inch  in  diameter,  and  in  immature  ova  lies  nearly  in  the  centre 
of  the  yolk ;  but  as  the  ovum  becomes  developed  it  approaches  the  surface,  and 
enlarges  much  less  rapidly  than  the  yolk. 

The  germinal  spot  occupies  that  part  of  the  periphery  of  the  germinal  vesicle 
which  is  nearest  to  the  periphery  of  the  yolk.  It  is  opaque,  of  a  yellow  color, 
and  finely  granular  in  structure,  measuring  from  ^-g^  to  ^nVj  ^^  ^^  inch. 

The  phenomena  attending  the  discharge  of  the  ova  from  the  Graafian  vesicles, 
since  they  belong  as  much  or  more  to  the  ordinary  function  of  the  ovary  than  to 
the  general  subject  of  the  growth  of  the  body,  are  described  with  the  anatomy  of 
the  ovaries  on  a  subsequent  page. 

Either  before  its  escape  from  the  Graafian  follicle  or  immediately  after,  the 
ovum  undergoes  a  peculiar  change,  which  results  in  the  formation  of  one  or  more 
peculiar  bodies,  the  polar  globules  of  Robin,  the  origin  of  which  has  not  hitherto 
been  known ;  and  also  with  the  formation  of  another  body,  which  appears  to  take 
a  remarkable  part  in  fecundation,  and  is  named  the  "female  pronucleus."  The 
manner  in  which  these  bodies  are  developed  from  the  germinal  vesicle  is  briefly  as 
follows :  Usually  before  the  rupture  of  the  Graafian  follicle,  but  after  the  ovum  has 
become  mature  or  ripe,  a  portion  of  the  germinal  vesicle  is  protruded  outside  the 
yolk,  but  still  remains  within  the  vitelline  membrane ;  this  forms  a  small  globular 
mass  and  constitutes  the  first  polar  globule.  After  a  time,  generally  not  till  the 
ovum  has  entered  the  tube,  a  second  protrusion  of  a  portion  of  the  germinal  vesicle 
takes  place,  and  forms  a  second  polar  globule.  We  have  thus  about  two-thirds  of 
the  germinal  vesicle  extruded  from  the  yolk  and  about  one-third  remaining  behind, 
and  at  the  ejection  of  each  of  these  bodies  a  visible  shrinking  of  the  yolk  takes 
place.  The  portion  of  the  germinal  vesicle  which  remains  behind  recedes  from 
the  surface  toward  the  centre  of  the  yolk  and  assumes  a  spherical  form,  and  is 
now  termed  the  "female  pronucleus."  All  these  changes,  it  must  be  understood, 
occur  at  each  expulsion  of  an  ovum,  and  are  quite  independent  of  fecundation* 

The  first  changes  in  the  ovum  which  take  place  at  the  time  of  conception 
appear  to  be  as  follows :  One  or  more  spermatozoa  penetrate  the  ovum,  and  come 
into  contact  with  the  yolk  and  with  the  portion  of  the  germinal  vesicle  remaining 
in  the  yolk.  It  seems  as  if  this  normally  occurs  in  the  Fallopian  tube,^  but  it  is 
possible  that  it  sometimes  occurs  before  the  ovum  has  entered  the  tube,  or  after  it 

'  Many  physiologists,  as  Bischoff  and  Dr.  M.  Barry,  taught  that  the  ovum  is  fecundated  in  the 
ovMT,  but  the  reasoning  of  Dr.  Allen  Thomson  appears  very  cogent  in  proving  that  the  usual  spot 
at  which  the  spermatozoa  meet  the  ovum  is  in  the  tube,  down  which  it  slowly  travels  to  the  uterus,  in 
its  course  becoming  surrounded  by  an  albuminous  envelope  derived  from  the  walls  of  the  tube. 
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has  passed  through  the  tube  and  reached  the  cavity  of  the  uterus;  abnormally  it 
may  even  take  place  in  the  peritoneal  cavity.  One  spermatozoon,  more  advanced 
tlian  the  rest,  becomes  buried  in  the  yolk,  the  tail  disappears,  and  the  head,  a  sort 
of  nuclear  body,  constitutes  the  "  male  pronucleus."  This  gradually  approaches 
the  female  pronucleus,  which  by  this  time  is  situated  in  the  centre  of  the  yolk. 
As  soon  as  they  come  into  contact  they  fuse  into  one,  and  thus  fecundation  is 

~     •-    li). 


effected  (Fig.  74).     It  is  believed  by  some  physiologists  that  one  spermatozoon  is 
sufficient  for  fecundation;  but  in  all  probability  several  spermatozoa,  as  a  rule, 
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i.— PertUization  of  the  ovum  or  an  echlnoderm.   >.  Spermatoioon.   m.  pr.  Male  pronucleiu.  /.  pr.Fe- 
upleuB,    I,  AcceBalODOf  a  spermatoioon  to  the  periphery  of  the  vlieUiiB.   2.  lis  Mnstratloii.    S.TrenB- 
of  (he  head  of  the  Bpermatflzoon  tnto  the  male  pronui^leiu.    4. 5.  Bleadlng  or  the  male  and  female 
,r.„..u...c..    (From  Qualti'9  Analomv,  Selenka.) 

penetrate  the  yolk  and  undergo  the  same  process  of  conversion  into  male  pronuclei, 
reach  the  female  pronucleus,  and  fuse  with  it.' 

The  first  result  of  the  fertilization  of  the  ovum  is  a  cleavage  or  multiplication 
of  the  yolk,  which  is  first  cleft  into  two  masses,  the  germinal  vesicle  having  pre- 
viously split  up  into  two  nuclei ;  so  that  it  now  consists  of  two  separate  masses 
of  protoplasm,  each  containing  a  nucleus,  situated  within'  the  original  vitelline 
membrane,  which  takes  no  part  in  this  process  of  division.  Then,  each  of  these 
two  daughter  elements  divides  in  like  manner,  and  thus  four  nucleated  elements 
are  formed,  and  so  on,  until  at  length  a  mulberry-like  agglomeration  of  nucleated 
masses  of  protoplasm  results  (Fig.  1 5).  These  masses  are  sometimes  termed  vitel- 
line spheres. 

The  manner  in  which  segmentatioD  occurs  is  somewhat  peculiar.  The  two 
spheres  resulting  from  the  first  cleavage  are  of  unequal  size.  One,  which  for 
the  sake  of  distinction  we  will  call  the  upper  or  epiblastic  cell,  is  larcer  than  the 
other,  the  lower  or  hypoblastic  cell.  And  after  they  have  divided  three  or  four 
times  the  rate  of  cleavage  in  the  spheres  derived  from  the  upper  or  epiblastic 
segment  becomes  more  rapid  than  in  those  derived  from  the  lower  or  hypo- 
blastic segment.  In  aildition  to  thi.s.  the  spheres  derived  from  the  upper  segment 
have  a  tendency  to  spread  over  and  enclose  those  from  the  lower  segment ;  so 
that  by  about  the  ninth  or  tenth  division  there  is  an  external  layer  of  spheres 
derived  from  the  primary  upper  or  epiblastic  segment  surrounding  and  almost 
enclosing  a  mass  of  spheres,  which  in  consequence  of  their  diminished  rate  of 
cleavage  are  fewer  in  number  and  larger  in  size,  derived  from  the  primary  lower  or 
hypoblastic  segment  (Fig.  76,  a).  Fluid  collects  between  the  two  sets  of  spheres, 
except  at  one  part,  where  they  remain  in  contact,  and  the  ovum  is  converted  into 
a  sac,  foi-med  by  a  layer  of  spheres  derived  from  the  upper  primary  segment,  and 
containing  at  one  part  another  mass  of  spheres  derived  from  the  lower  primary 
segment  (Fig.  76,  b).     The  inner  cells  are  rather  more  granular  than  the  outer, 

'  If  the  student  refers  to  the  development  of  ihe  generative  organs,  lie  will  find  that  llie  ovum  of 
the  female  and  the  spermalozoon  of  the  male  are  derived  from  fundamenlallj'  the  game  structures, 
and  therefore  their  fusion  is  the  union  of  two  elements  of  vei7  similar  morphological  value. 
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beneath  which  ihey  gradually  spread,  becoming  applied  over  a  part  of  their  inner 
surface  in  a  single  layer;  so  that  the  cavity  is  afterward  enclosed  more  or  less 
completely  in  a  double  layer  of  cells. 


Pis.  75. — First  aiama  at  aeinncntatlaii  or  a  niBnimallaii  ovum :  seml-dlBgniniinatic.  (From  *  drawliiE  by 
.til  en  Thomson.)  i.p.2otiape]1ucids.  p.irl.IMlftr  globules.  <t1.  EpIblaslLccell.  mt.  Hypoblast  le  cell.  a.Dlv]sIon 
JDto  no  sjaberea.  6.  Stage  of  four  apheres.  c.  Eftht  apheres,  the  epiblagtlc  cells  partially  eneloslna  the  hypo- 
bluiie  cells,  d,  t.  Succeeding  stages  ot  aeinnentatloii,  shovlDg  thu  more  rapid  divlBlon  or  tbe  epEblaalEc  pells 
iEii  itae  eaclomire  of  the  hypublaglic  cells  by  them. 

The  ultimate  destination  of  the  outermost  complete  layer  of  spheres  is.  at 
present,  doubtful.     By  some  they  are  believed  to  be  transitory  and  to  gradually 


Fie.  76.— Onim  of  the  rabbit  at  the  end  of  the  process  of  segmentation,    rp.  eplblasl.    hy.  I 
^1.    tp.  Place  where  the  eplblast  has  not  yet  grown  over  the  hypoblast.    (Prom  Ballbur 

disappear  in  the  course  of  the  formation  of  the  various  layers  of  the  blastodermic 
membrane ;  by  others  it  is  thought  that  they  form  the  outer  layer  (epiblast)  of 
ibis  membrane.  Adopting  the  Tatter  and  more  general  view,  the  ovum  would 
eonaist  of  a  cavity  surrounded  by  (1)  a  layer  of  cells  completely  lining  the  inte- 
rior of  the  vitelline  membrane,  and  (2)  by  a  second  layer  internal  to  these  and 
p»rtially  lining  the  interior  of  the  outer  layer,  both  sets  of  cells  derived  from  the 
segmentation  of  the  yolk.  The  double  layer  of  cells  is  called  the  "blastodermic 
oembrane,"  the  outer  layer  being  termed  the  "  epiblaat,"  and  the  inner  the  "  hypo- 
blast" 

At  first  the  area  of  the  blastodermic  membrane,  which  consists  of  both  the 
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inoer  and  outer  layers  of  cells,  is  a  small  disk,  id  which  the  first  traces  of  the 
embryo  are  seen;  hence  it  is  called  the  germinal 
disk  or    area  germinativa  (Fig.    77).      The  first 
trace  of  the  embryo  appears  as  a  faint  streak  at 
the  posterior  end  of  the  area  germinativa,  called 
the  primitive  tracf.     After  the  formation  of  the 
primitive  trace,  but  previous  to  the  appearance 
of  the  next  parts  of  the  embryo,  presently  to  be 
described — viz.  the  laminse  dorsales  and  the  noto- 
chord — the  blastodermic  membrane  consists  of 
only  two  layers,  the  epibht»t  and  hi/poblagt,  but 
after  the  formation  of  these  struclures  a  third 
layer  makes  its  appearance.     This  is  the  me»o- 
Fm  77 -Ovum  with  thtBorrainai  area     blaitt,  and  is  situated  between  the  other  two  (Fig. 
hlZ^e'SSk'' me'Xt''''t'vi,';niSi     78).     As  to  the  precise  origin  of  this  third  layer 
membrane^   2.  BiaBtodGrm    ».  (ienninai     considerable  difference  of  Opinion  exists.    Accord- 
area.    A.  Plate  where  the  blMtoderm  fa      .  .         i      ■   .     '.  ■    (■  j       .-     i     v 
jii«i  divided  Into  lis  two  iajen.                ing  to  some  embryologists,  it  is  lormed  entirely  by 

proliferation  of  cells  belonging  to  the  epiblastic 
layer;  according  to  others,  it  is  formed  by  a  splitting  of  the  hypoblast,  or,  at  all 
events,  a  differentiation  of  it  into  a  central  layer  of  mesoblastic  cells  and  a  lower 


ts  the  ttoterlur  part  nS  (he  medullary  gi 


e.ffl 


^etiafer.  From  Qualn's  Analomy.  1S9D.)  rp.  FoMb  of  eplbtast  rlsltig  up  on  either  side  of  the  middle 
IhUH  boundlnft  the  medullary  groove,  n^i.  Middle  of  medullnry  eroovc.  %.  Hypoblast,  w hie h  <s  in  c(inun;i,  -mt 
ihe  medullary  epiblast  at  the  middle  of  the  groove,  but  is  elsewhere  soparflled  from  It  by  mcsoblast,  m.  which 
h an  burrowed  forward  between  the  two  primary  layers.  A  cleft  1»  seen  in  the  mesohlasl  nn  either  side;  thl<^  \f. 
the  eommeneemeni  of  Ihe  anterior  part  of  the  body-carlly. 

layer  of  hypoblastic  cells.  Or,  what  seems  most  probable,  it  is  derived  mainly 
from  the  epiblast,  the  hypoblast  taking  a  smaller  and  more  subordinate  share  in  its 
formation.  But  in  whichever  way  this  third  stratum  may  be  formed,  the  blasto- 
dermic membrane  eventually  consists  of  three  layers:  The  external,  which  used 
to  be  called  the  serous  layer,  but  is  now  more  commonly  termed  the  epihhimt.  or 
rctodemi ;  the  internal,  the  mucous  layer,  the  hypoblast,  or  mtoderm  :  and  the 
middle,  which  is  now  usually  called  the  mesoblast  or  mesoderm,  but  which  was  for- 
merly named  the  "vascular  layer." 

The  epiblast  is  mainly  concerned  in  the  fomiation  of  the  external  cuticle  anil 
the  whole  of  the  nervous  system.  It  consists  of  cells  of  an  epithelial  character: 
that  is  to  say,  cells  of  an  irregular  columnar  shape,  forming,  for  the  most  part,  a 
single  stratum,  but  becoming  more  numerous  and  flattened  at  the  germinal  disk. 
The  epidermis  of  the  body  and  all  the  involutions  of  the  epidermis  in  the  ducts  of 
superficial  glands,  as  the  niammie,  as  well  t\s  the  brain,  the  spinal  cord,  the  nerves, 
and  the  portions  of  the  nose,  eye,  and  ear,  which  are  directly  formed  from  the 
brain,  are  developed  from  it.  The  external  layer  of  the  amnion  is  also  foi-med 
from  the  epiblast,  and  jirobably  also  a  portion  of  the  chorion. 

The  hypoblast  is  mainly  concerned  in  foi-ming  the  internal  epithelium — viz. 
that  of  the  whole  alimentary  passages  except  the  mouth  and  a  small  portion  of  the 
rectum  near  the  anus  (which  are  formed  by  involutions  of  the  ejiihlaat);  that  of 
the  respiratory  tract,  which  is  originally  an  offset  from  the  alimentary  canal :  and 
the  epithelium  of  all  the  glandular  organs  which  open  into  the  intestinal  ti-act. 
The  hypoblast  forms  also  the  deeper  layer  of  the  umbilical  vesicle  and  ullantois. 
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Its  cells  are  epithelial,  and  are  at  first  flattened,  but  subsequently  become  colnmni 
and  larger  than  thoae  of  the  epiblast. 


ie  three  layers  of  Ihe  blOBtodennir' membrane  on  tninsvene 
.oidB  and  llie  KermliiBl  Me«.    B  C  D  E  F  tl.  MtTon-nt  sisgca 

,,.„„ _ _ Jii,     i,  liilestfnf.     p.  Porllmieal  e«vllT,  boiuidr'l  by  (he 

^plHiiclino-pleiirBl  and  somntn-pleunil  layen  of  mcitotiUst.  1.  Vltemne  membrane.  2.  Eilernal  blnModermio 
laver.  3.  Mldillc  layer,  4.  Internal  layer.  S.  Medullary  laminie  and  fntaiv.  5-.  Medullary  canal,  «.  Kni- 
dfrmic  lamina!.    T.  liloral  Heiurcs  or  the  amnion.    7'.  The  same  almisl  in  contaM.    8.  Internal  i'I>ilhelial 
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;.  Inlcnml  NbrouB  layer  of  Itio  umbilical  vesicle.    18.  Muscular 
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The  same  nlmiHt  In  contact.    H.  Internal  ei>ilhGllal 
horda  doraalis.    11.  Vertebral  lemjii»._  1L>.  t™UiTC_r- 
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Lie.    20.  Internal  layer  of  the  t 


■The  dotted  lines  .....  , „ 

belonging  to  the  middle;  the  Interrupted  lines. 


the  parts  bclonnlng  to  the  Internal  blastodermic  layer;  the  plain  lines,  thosi 

ilcrrupled  lines,  thone  belnnginKto  (he  external.    The  embryo  has  been  repre 

the  following  diagram,  lying  on  Its  back.    The  natural  position  is  geuerully  assumed  to  bi 


All  the  rest  of  the  embryo  is  formed  from  the  mesoblast — viz.  all  the  vascular 
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and  locomotive  system,  the  cutis,  all  the  connective  tii^sues,  and  the  genito-urinary 
organs — with  the  exception  of  the  epithelium  of  the  bladder  and  urethra,  which  is 


Km.  KU.*— Dl^raniB  lo  bIioh'  Ihu  di'veliiiimciit  or  Ihc  three  blatitodprnilc 
I>unl<iii  of  ovum  wllh  llic  viti'lUnc  ini'mbninv  and  EVrinEtial  area.  BCD 
II.  Ovum  lu  the  utonu  ami  fiinnHlloii  of  ikH'frlua.    I.  Vlltllltie  niembrane 

Vpsimla  iteroM.   X  Mlrldle  bluludtrnilc  lavur.   i.  Internal  layer.   G.  Vc..^. 

nllc  Hcxnreof  tlii>  amnluii.    T,  Caudal  dexure.    8.  Spot  whviv  thi:  amnion  and  rcalcula  n. _.. 

tr.  I^Bterlor  nmblllcns.   a  CuTdlac  cavltr.   10.  Sxternal  Itbnniit  lajeT  of  the  umlillleal  vehicle    11.  External 
flbroiiH  larcrof  the  amnion.    IX.  Internal  la]«r  of  the  blasluderm  IbrmtDgthe  Intnttlne.    IS,  U.  KitGmal  layer 
mrBu'cuf  thv  vnlvula  kitiiM.    IA.  The  wme,  now  completely  applied  lii 
.    16.  I  inbllleal  cord.   IT.  Umbilical  veMelf.   IS.  Amnion.    19.  Chorloti. 
raiie  at  ntvniE.    'ai.  Mntemal  placuula.    13.  Deeidua  refleia.    -.24.  JUus- 
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-J.  Internal  layer.    G.  Vvslli^  nl  the  nilurc  coibryo.    R.  Ceph- 
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developed  from  the  hypoblast.     The  vuscular  system  of  the  foetus  extends  to  the 
yolk  and  the  maternal  partM  along  the  umbilical  vesicle  and  allantois,  so  that  the 
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jrreater  part  of  these  bodies  and  the  outer  layer  of  the  amnion  are  also  formed  out 
of  the  mesoblast.  The  foetal  portion  of  the  placenta,  being  essentially  a  vascular 
structure,  is  also  developed  from  the  mesoblast.  Its  cells  are  irregular  and 
branched  and  surrounded  by  a  considerable  amount  of  intercellular  fluid.  It  may 
therefore  be  regarded  as  resembling  more  closely  embryonic  connective  tissue. 

First  Budiments  of  the  Embryo  (Figs.  79  and  80). — The  primitive  trace  alluded 
to  above  as  appearing  in  the  area  germinativa  is  a  very  transitory  structure,  which 
marks  the  direction  of  the  embryonic  axis,  and  is  gradually  lost  in  consequence  of 
its  pla<;e  becoming  occupied  by  the  rudimentary  spinal  column. 

The  first  real  approach  toward  a  definite  form  in  the  embryo  is  made  (1)  by 
the  development  of  the  rudimentary  spinal  column ;  (2)  by  the  cleavage  of  the 
middle  layer  of  the  blastodermic  membrane  from  which  a  part  of  that  column  is 
derived ;  and  (3)  by  the  incurvation  of  the  column  at  its  cephalic  end  to  form  the 
brain  and  brain-case. 

First,  a  folding  up  of  the  cells  of  the  epiblast  or  outer  layer  takes  place.  This 
commences  in  the  anterior  part  of  the  area  germinativa,  and  extends  in  the  same 
direction  as  the  primitive  trace,  gradually  occupying  its  position  until  this  latter  is 
lost  at  the  caudal  extremity  of  the  embryo  (Fig.  81).  This  folding  up  of  the 
epiblast  gives  rise  to  a  longitudinal  groove  down  its  centre,  in  consequence  of  the 
manner  in  which  the  cells  of  the  epiblast  are  heaped  up  into  two  longitudinal 
ridges,  with  a  furrow  between  them,  so  that  the  sides  and  base  of  the  groove  are 
formed  of  epiblastic  cells  (Fig.  82,  a).  The  mesoblast,  lying  betw^een  the  epiblast 
and  hypoblast,  fills  up  the  space  thus  caused  between  these  two  layers,  so  that 
the  sides  of  the  groove  are  occupied  by  a  longitudinal  thickening  of  mesoblast ;  the 
two  masses  being  separated  at  the  bottom  of  the  groove  by  the  junction  of  the 
epiblast  and  hypoblast  at  the  situation  of  the  primitive  trace.  The  groove  becomes 
deeper  and  deeper  in  consequence  of  the  further  growing  up  of  the  cells  to  form 
the  ridge  on  either  side.  In  this  way  the  ridges  eventually  become  two  plates,  the 
lamince  dorsales  or  medullary  plates^  which  finally  coalesce  and  thus  form  a  closed 
rube,  the  neural  canal^  lined  by  epiblast  and  having  a  covering  of  the  same  mem- 
brane (Fig.  82).  These  membranes  are  at  first  in  contact  with  one  another,  but 
eventually  become  separated,  mesoblastic  structures  growing  up  between  them,  and 
the  line  of  coalescence  becomes  obliterated.  The  coalescence  first  takes  place  in 
the  middle  of  the  embryo,  then  toward  the  cephalic  end,  and  lastly  at  the  caudal 
extremity.  The  lining  of  this  tube  is  developed  into  the  nervous  centres,  the 
covering  into  the  epidermis  of  the  back  and  head.  The  cephalic  extremity  of 
the  neural  canal  is  soon  seen  to  be  more  dilated  than  the  rest,  and  to  present 
constrictions  dividing  it  imperfectly  into  three  chambers :  the  brain  is  developed 
from  this  dilated  portion ;  the  spinal  cord  takes  its  origin  from  the  remainder  of 
the  tube.  Below  the  neural  canal  the  hypoblast  and  epiblast  are  in  contact, 
separating  the  two  longitudinal  thickenings  of  mesoblast  on  either  side  of  the 
canal.  Here  a  thickening  of  the  hypoblast,  commencing  from  the  anterior  end  of 
the  primitive  trace,  takes  place,  and  gradually  separates  itself  off  from  the  hypo- 
blast, lying  between  this  membrane  and  the  epiblast,  at  the  bottom  of  the  neural 
canal.  This  is  known  as  the  notochord  or  chorda  dorsalis.  This  when  fullv 
ileveloped,  forms  a  continuous  rod-shaped  body  lying  below^  the  primitive  groove 
and  composed  of  clear  epithelium-like  cells.  It  is  essentially  an  embryonic  struc- 
^re,  though  traces  of  it  remain  in  the  centre  of  the  intervertebral  disks  through- 
•»«t  life.  The  collection  of  mesoblastic  cells,  which  forms  a  thick  longitudinal 
•:Mlumn  on  either  side  of  the  neural  canal,  becomes  separated  from  the  rest  of  the 
aes<)blastic  layer.  It  undergoes  a  series  of  transverse  segmentations  and  becomes 
converted  into  a  row  of  well-defined,  dark,  square  segments  or  masses,  separated 
kv  clear,  transverse  intervals,  called  the  protovertebrce  or  mesohlastlc  somites.  They 
first  make  their  appearance  in  the  region  which  afterward  becomes  the  neck,  then 
funher  forward  toward  the  head,  and  afterward  extend  along  the  body.  These 
b<Klies,  as  will  be  explained  hereafter,  are  not  the  same  as  the  permanent  verte- 
bra, but  they  are  differentiated,  partly  into  the  vertebrse  and  partly  into  the 
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muscles  and  true  skJD.  On  either  side  of  the  protovertebrte  the  mesoblast  splits 
into  two  layers,  the  upper,  or  that  covered  by  epiblast,  is  called  gomatopleure,  and 
the  lower,  lined  by  hypoblast,  tbe  gplartcknopleure  (Fig,  82,  b,  5-5').     From  the 
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former  the  skeleton  muscles  and  true  skin  of  the 
external  parts  of  the  body  are  derived,  from  the  lat- 
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dorsal  lamina.  4.  Comeniin  layer  or 
epiblast.  Mesolilaat  divided  in  Ita 
inner  pert.  6.  llypoblasl  or  enllhe- 
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closed  [n.  3.  ."ieetion  of  the  nifdiil- 
larysubRlauee  onheaplnalcurd.  .|. 
<^>riieous  layer,  b.  Somalopleure  of 
Ihe  mesoblast.  S'.  Splaiiehno|ik-iin.- 
(one  figure  is  placed  In  Ihe  pletiro- 
peritoneal  Cflvltyl,  fl.  Layers  of  hy- 
poblast in  [he  Intestines  ipreadliitc 
also  over  the  yolk.  4x5.  I^nndhe 
fold  of  the  amnlnii  Ibrmed  by  epl- 

ter.  the  muscular  and  other 
mesoblastic  portions  of  the  vis- 
cera. Tbe  space  between  them 
is  the  common  pi  euro- peritonea  I 
cavity.  Whilst  the  paiietes  "f 
tbe  body  are  still  unclosed,  this 
common  pi  euro-peritoneal  tuv- 
ity  is  continuous  with  tbe  8]>nce 
between  tbe  amnion  and  cho- 
rion, as  seen  in  Fig.  79,  K.  The 
embryo,  which  at  first  seems  to 
be  a  mere  streak,  extends  longi- 
tudinally and  laterally.  As  it 
grows  forward  the  cepbalio  end 
becomes  remarkably  curved  on 
itself  (cephalic  flexure),  nint 
a  smaller  but  distinct  flexure 
takes  place   at  its  hinder  eml 


l.(.  TbecephallcandeaudalportloiiBoftheDrlmlllveallmentary        (caudal  fleXUre).       At  the   Same 

SSuor,."^J\^oT"i"l'eom±;i,KJSr*i!h  ih^^^  time  the  sides  of  the  embrvo 

the  Intestine  by  r  i.  the  vttello-intealfiial  duct.    u.  The  i 
The  ovum  is  surrounded  eiUTnally  by  the  villous  cbor 


aptly  compared  to  a  canoe  turned  over  (Fig.  S 


^row  and  curve  towanl  each 
other;  so  that  the  embryo  is 
In  consetiuence  of  this  incurv- 


THE  EMBRYO. 


109 


ing  of  the  embryo,  both  in  an  antero-posterior  and  a  lateral  direction,  the  original 
yolk,  with  the  three  layers  derived  from  the  cleavage  of  the  blastodermic  mem- 
brane which  cover  it,  is  converted  into  a  sort  of  hour-glass  shape  with  two  unequal 
globes.  The  smaller  globe  is  formed  by  the  part  of  the  blastodermic  membrane 
(area  germinativa)  which  has  already  undergone  certain  changes  in  the  formation 
of  the  embryo,  and  constitutes  the  part  which  has  been  compared  to  a  canoe.  The 
larger  globe  is  called  the  yolk-Sdc  or  umbilical  vesicle^  and  is  formed  by  the  rest  of 
the  blastodermic  membrane — e.  e.  that  part  which  is  not  concerned  in  the  formation 
of  the  area  germinativa.  The  two  freely  communicate  through  the  constriction 
which  is  the  site  of  the  future  umbilicus,  and  through  this  constriction  the  internal 
layer  of  the  blastodermic  membrane  (the  hypoblast)  and  the  innermost  of  the  two 
layers  into  which,  as  has  been  already  stated,  the  mesoblast  divides — viz.  the  splanch- 
Dopleure,  pass  out ;  the  incurving  having  only  involved  the  somato-pleural  layer  of 
the  mesoblast  and  the  epiblast  (Fig.  84).     The  umbilical  vesicle  is,  therefore,  at 
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Fig.  M.— Diagrammatic  section  of  embryo,  showing  the  formation  of 

the  umbilical  vesicle. 


first  a  mere  part  of  the  general  cavity  of  the  yolk,  partly  enclosed  by  the  embryo ; 
but  as  the  latter  grows  round  on  all  sides  toward  the  umbilical  aperture,  the 
yolk  becomes  distinguished  into  two  portions.  One  lies  inside  the  embryo,  and 
eventually  forms  a  part  of  the  intestinal  cavity  (out  of  which  also,  as  will  here- 
after be  seen,  the  bladder  is  developed).  The  other  lies  external  to  the  embryo 
and  remains  therefore  for  a  time  a  part  of  what  is,  in  a  more  restricted  sense, 
the  ovum.  The  two  parts  are  almost  separated  from  each  other  by  the  meeting 
of  the  abdominal  walls  of  the  embryo  at  the  umbilicus,  through  which  they 
still  communicate  by  a  passage,  the  omphalo-mesenteric  duct,  the  destination  of 
which  will  be  pointed  out  presently.  The  extra-embryonic  portion  is  of  small 
importance  and  very  temporary  duration  in  the  human  subject.  It  is  for  the 
purpose  of  supplying  nutrition  to  the  embryo  during  the  very  earliest  period, 
before  it  can  obtain  it  from  the  uterine  sinuses  of  the  mother.  In  the  oviparous 
animals,  however,  where  no  supply  of  nutrition  can  be  obtained  from  the 
^•>ther,  since  the  egg  is  entirely  separated  from  her,  the  yolk-sac  is  large  and 
'►f  great  importance,  as  it  supplies  nutrition  to  the  chick  during  the  whole  of 
f<etation.  Vessels  developed  in  the  middle  blastodermic  layer  soon  cover  the 
nmbilical  vesicle,  forming  the  vascular  area,  the  chief  vessels  of  which  are  the 
omphalo-mesenteric,  two  in  number  (Fig.  85).  The  vessels  of  this  area  appear 
to  absorb  the  fluid  of  the  umbilical  vesicle,  which  as  the  fluid  is  absorbed  dries  up 
and  has  no  further  function.  The  activity  of  the  umbilical  vesicle  ceases  about 
the  fifth  or  sixth  week,  at  the  same  time  that  the  allantois,  which  is  the  great  bond 
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of  vascular  connection  between  the  embryo  and  the  uterine  tiasuea,  is  formed.     In 
fact,  the  umbilical  vesicle  provides  for  the  nutrition  of  the  ftetus  from  the  ovum 


F[a.  85,— Maimlfled  Ticw  i>f  Ihc  liunimi  embrtu  uf  fuur  wi:<'li».  «iih  Ihc  niombraues  opened.  (From  Lt 
ni&Dn  Hller  CoEte.)  y.  Tlie  umbilicHl  vesicle  wiih  the  □mphalo-niiiH.'UU'rie  viikIb.  v.  and  its  lone  lul>i 
■itachineni  to  llic  Intestine,   e.  Ttie  villi  of  (he  cliorlon.   m.  The  amnion  opened. 


...... >n  each  aide  of  thin  the  umbilical  veasels_pessliiic  out  to  the  chorion.    In  the  embryo:  a.  The  eve.    t. 

The  ear.veslcle,  h.  The  heart,  (,  The  liver,  o.  The  uniier:  p.  ihe  lower  limb.  ».  Wolffian  body,  In  from  uf 
which  are  the  mesentery  and  fold  of  intestliiu.    The  WuliHan  duel  and  IuIhii  arc  not  rcpreseiilcd. 

itself,  while  the  alltintois  is  the  channel  whereby  it  is  nourished  from  the  uterine 
tissues.  The  umbilical  vesicle,  containing  fluid,  remains  visible,  however,  up  to 
the  fourth  or  fifth  month,  with  its  pedicle  and  the  omphalo-mesenteric  vessels. 
The  latter  vessels  become  atrophied  as  the  functional  activity  of  the  body  with 
which  they  are  connected  censes. 

So  far  we  have  traced — (1)  the  segmentation  or  cleavage  of  the  yolk  into  a 
number  of  nucleated  cells — "  vitelline  spheres."  (2)  The  accumulation  of  fluid 
within  the  ovum,  and  the  arrangement  of  the  vitelline  spheres  around  the  fluid 
on  the  internal  surface  of  the  vitelline  membrane,  foi-ming  a  second  memhrnne,  the 
"  blastodermic  membrane."  (3)  The  separation  of  the  blastndennic  membrane  into 
three  layers,  named,  from  within  outward,  the  "  hypoblast."  the  "  mesoblast,"  ami 
the  •'epiblast."  (4)  The  formation  of  an  elongated,  oval-shaped  disk,  called  the 
"  area  genninativa."  (5)  The  appearance  in  the  centre  of  the  area  germinativa  of 
a  delicate  line  of  furrow,  running  longitudinally,  and  called  the  "primitive  trace." 
(6)  The  formation  of  a  distinct  groove  in  the  situation  of  this  primitive  trace, 
caused  by  the  growing-up  of  the  cells  on  either  side  of  it,  sn  as  to  form  two  longitu- 
dinal ridges,  called  the  '■  laminse  doi-salcs."  (7)  The  increase  and  incurvation  of 
these  laminsc  dorsales,  until  they  meet  behind,  enclosing  a  canal  lined  by  epiblast. 
The  canal  is  the  neural  canal,  and  from  the  epiblast  which  lines  it  the  nervous 
centres  are  developed.  (8)  The  formation,  in  the  hypoblast  immediately  under  this 
canal,  of  a  continuous  rod-shaped  body,  the  "chorda  dorsalis,"  or  "  notochord."' 
(9)  The  formation  from  the  mesoblast,  on  either  side  of  the  notochord,  of  a  long!- 
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tadinal  column,  divided  into  a  number  of  square  segments,  the  ''protovertebne." 
(10)  The  Bplitting  of  the  mesoblast,  external  to  the  protovertebrte,  into  two  latere — 
the  outer,  called  the  "  somatopleure,"  lined  externally  by  the  epiblast ;  the  inner, 
called  the  "  splanchnoplcure,"  lined  internally  by  the  hypoblast,  a  space  being  left 
between  the  two  which  forms  the  "pleuro-peritoneal  cavity.  "  (11)  The  curving  of 
the  embryo  on  itself,  both  longitudinally  and  laterally,  so  as  to  be  comparable  to  a 
«noe;  the  walls  being  formed  of  all  three  layers  of  the  blastodermic  membrane 
aDd  the  well  of  the  canoe — that  is  the  body-cavity  of  the  embryo,  opening  into 
the  cavity  of  the  yolk-sac.  (12)  A  portion  of  the  yolk-sac  lying  in  the  body- 
c&tity  of  the  embryo,  and  a  portion  outside  it;  the  two  communicating  by  a  duct, 
llie"omphaIii-nie9enteric  "  duct.  The  portion  of  the  yolk-sac  external  to  the  body- 
cavity  is  termed  the  umbilical  vesicle,  and  provides  nutrition  to  the  embryo  until 
Euch  time  as  the  allantois  is  formed ;  vessels,  developed  from  the  middle  blasto- 
dermic layer,   ramifying  over  it,  and  gradually  absorbing  its  contents.' 

The  next  step  toward  a  clear  understanding  of  the  development  of  the  embryo 
is  to  have  a  proper  conception  of  the  manner  in  which  the  membranes  developing 
the  foetus  are  formed. 

The  membranes  investing  the  foetus  are  the  amnion,  the  chorion,  and  the 
decidua.  The  two  former  are  developed  from  foetal  structures,  and  are  proper  to 
the  ffstus:  the  latter  is  formed  in  the  uterus,  and  is  derived  from  the  maternal 
structures. 

The  Amnion. — The  amnion  is  the  membrane  which  immediately  surrounds  the 
etnbryo.     It  is  of  small  size  at  first,  but  increases  considerably  toward  the  middle 


FjR.  m.—Wiignm  of  ■  Iransvene  section  at  a  mammalian  ei.. . 
•Bdon.  The  uddIoUc  folds  have  nearly  united  In  the  middle  line 
£(i(bli3i,  blue ,  roeaoblaEt.  red :  bypoblasl  and  notochurd,  black. 

"f  pregnancy,  as  the  fcetus  acquires  the  power  of  independent  movement.  It  exists 
■nly  in  reptiles,  birds,  and  mammals,  which  are  hence  called  "  Amniota,"  but  is 
tWnt  in  amphibia  and  fishes.  It  is  formed  thus:  At  or  near  the  extremities  of 
'W  incurved  foetus^ — that  is  to  say.  at  the  point  of  constriction  of  the  blastodermic 
intmbrane,  where  the  portion  which  has  undergone  changes  to  form  the  body  of 
lb*  embryo  joins  the  part  devoted  to  the  formatiim  of  the  umbilical  vesicle — an 
inflection  of  the  epiblast  and  outer  layer  of  the  mesoblast,  which  have  become 
'eparaied  from  the  inner  layer  of  the  mesoblast  and  hypoblast  by  the  formation  of 
tile  pleuro-peritoneal  cavity,  fakes  place  (Fig.  TH,  u  7).     These  inflections  orback- 

riBidemble  nmount  of 
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ward  folds  commence  first  at  the  cephalic  extremity,  and  subsequently  at  the  caudal 
end  and  sides,  and  deepen  more  and  more,  in  consequence  of  the  sinking  of  the 
embryo  into  the  blastodermic  vesicle,  until,  gradually  approaching,  they  meet  one 
another  (Fig.  79,  e  7).  After  they  come  in  contact  they  fuse  together,  and  tlie 
septum  between  them  disappears ;  so  that  the  inner  la^-er  of  the  cephalic  fold  becomes 
continuous  with  the  inner  layer  of  the  caudal  fold,  and  the  outer  with  the  outer 
(Fig.  79,  F  7').  Thus  we  have  two  membranes,  one  formed  by  the  inner  layer  of  the 
fold — the  true  amnion — which  encloses  a  space  over  the  back  of  the  embryo— the 
amniotic  cavity  (Fig.  79,  F  and  g,  a) — containing  a  clear  fluid,  the  liquor  amnii} 
The  other,  the  outer  layer  of  the  fold — the  false  amnion — lines  the  internal  surface 
of  the  original  vitelline  membrane.  Between  the  two  is  an  interval,  which  of 
course  communicates  with  the  pleuro-peritoneal  cavity.  This  it  continues  to  do 
until  the  body-walls  of  the  embryo  have  grown  up  and  coalesced  at  the  umbilicus. 
Then  the  amniotic  fold  is  carried  downward,  and  encloses  the  umbilical  cord,  bv 
which  the  foetus  is  attached  to  the  placenta.  The  true  amnion — or,  as  it  is 
usually  called,  the  amnion — is  formed  of  two  layers,  derived  respectively  from 
the  epiblast  and  from  the  parietal  layer  of  the  mesoblast.  The  one  from  the 
epiblast  consists  of  nucleated  cells ;  the  other,  from  the  mesoblast,  has  a  fibrous, 
and,  according  to  some  embryologists,  a  muscular  structure;  at  all  events,  it 
possesses  the  power  of  rhythmic  contraction  during  life.  In  some  animals  this 
layer  is  vascular. 

The  amnion  is  at  first  in  close  contact  with  the  surface  of  the  bodv  of  the 
embryo,  but  about  the  fourth  or  fifth  week  fluid  begins  to  accumulate,  and  thus 
separates  the  two.  The  quantity  steadily  increases  up  to  about  the  sixth  month 
of  pregnancy,  after  which  it  diminishes  somewhat.  The  use  of  the  liquor  amnii  is 
believed  to  be  chiefly  to  allow  of  the  movements  of  the  foetus  in  the  later  stages  of 
pregnancy,  though  it  no  doubt  serves  other  purposes  also.  It  contains  about  1 
per  cent,  of  solid  matter,  chiefly  albumen,  with  traces  of  urea,  the  latter  probably 
derived  from  the  urinarv  secretion  of  the  foetus. 

The  Chorion. — The  chorion  is  rather  a  complex  membrane  made  up  essentially 
of  two  parts:  first,  of  the  membranes  of  the  ovum  external  to  the  pleuro- 
peritoneal  cavity — that  is  to  say,  of  the  vitelline  membrane  and  false  amnion  ; 
and,  secondly,  of  a  diverticulum  of  those  layers  of  the  original  blastodermic  mem- 
brane which  are  internal  to  the  pleuro-peritoneal  cavity.  This  diverticulum  is 
called  the  allantois, 

1.  The  portion  of  the  chorion  which  is  formed  from  the  membranes  of  the  ovuin 
external  to  the  pleuro-peritoneal  cavity, — We  have  seen  that  in  the  formation  of 
the  amnion  we  had  two  layers  formed  out  of  a  reduplication  of  the  epiblast  and 
outer  laverof  the  mesoblast :  one — the  ^rw^  amnion — which  surrounds  the  embryo 
and  encloses  a  cavity  between  it  and  the  embryo — the  amniotic  cavity ;  and 
secondly,  ihefahe  amnion,  which  lies  in  apposition  with  the  internal  surface  of 
the  vitelline  membrane,  and  is  continuous  at  its  periphery  with  that  part  of  the 
original  epiblast  and  somatopleural  layer  of  the  mesoblast  which  did  not  enter  into 
the  formation  of  the  area  germinativa ;  and  that  between  these  two  layers  there 
is  a  space  (which  must  not  be  confounded  with  the  amniotic  cavity)  which  com- 
municates with  the  pleuro-peritoneal  space,  and,  according  to  Dalton,  contains  a 
semifluid,  gelatinous  material.  The  external  part  of  the  chorion  is  formed  out  of 
the  vitelline  membrane  with  the  false  amnion  and  its  peripheral  continuation  with 
the  external  lavers  of  the  blastoderm ;  but  the  exact  share  which  the  three  layers 
take  in  its  formation  is  at  present  uncertain.  By  some  embryologists  it  is  believed 
that  the  vitelline  membrane  during  the  ra})id  growth  of  the  ovum  becomes  attenu- 
ated, and  finally  lost ;  by  others  it  is  thought  that  it  combines  with  the  other  layers 

*  The  student  should  be  careful  not  to  confound  this  cavity  with  that  formed  between  the  true 
and  false  amnion,  which  communicates  with  the  pleuro-peritoneal  cavity  of  the  embryo.  This 
latter  space  ought  with  more  propriety  to  l)e  calUni  the  **  amniotic  cavity,"  since  it  is  contained 
lietween  the  layers  of  the  amnion ;  whereas  the  so-called  amniotic  cavity  Ls  not  really  between 
the  layers  of  the  amnion  at  all,  but  t)etween  the  inner  layer  of  the  amnion  and  the  body  of  the 
embryo. 
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to  form  the  chorion.  But,  whichever  is  true,  at  a  very  early  period  of  gestation 
cellular  processes  or  fringes  grow  outward  from  the  external  surface  of  the  vitelline 
membrane,  or,  if  this  has  disappeared,  from  the  outer  layer  of  the  blastoderm, 
wliicb  has  been  likened  by  Dalton  to  tuft*  of  seaweed.  They  are  at  first  destitute 
of  vessels,  and  are  of  simple  cellular  structure.  These  fringes,  or  villi,  as  they 
jubseijuently  become,  cover  at  first  the  whole  surface  of  the  chorion  ;  but  as  devel- 
opmeDt  progresses  and  the  placenta,  by  which  the  extent  of  the  attachment  of  the 
Dviim  to  the  uterine  walls  is  to  be  limited,  is  about  to  be  formed,  the  villi  are  not 
further  developed  over  the  rest  of  the  chorion,  but  are  confined  to  that  part  only 
which  is  to  form  the  fcetal  portion  of  the  placenta.  They  may,  however,  be 
recognized  all  over  the  chorion,  as  abortive  processes,  during  the  whole  of  f(6tal 
gestation. 

2.  The  Allantois. — This  structure  is  derived  from  the  layers  of  the  blastodermic 
membrane  which  are  internal  to  the  pleuro-peritoneal  space,  being  formed  by  the 
priijection  of  a  hollow  bud  of  that  part 
of  ihe  hypoblast  and  s  planch  no  pi  en  re 
which  is  contained  in  the  body-cavity 
of  the  embrvo,  and  which,  as  we  have 
before  stated,  is  intended  for  the  for- 
mation of  the  intestinal  canal  (Fig. 
83.  «).  It  extends  into  and  through 
the  pleuro-peritoneal  space,  into  the 
cavity  between  the  true  and  false  am- 
ni'in,  until  it  meets  the  latter,  over  the 
iatemal  surface  of  which  it  spreads. 
Id  this  diverticulum  two  arteries  and 
two  veins,  the  allantoic  vessels,  are 
developed.  The  arteries  are  in  the 
first  instance  branches  of  the  two 
primary  divisions  of  the  abdominal 
aorta,  but  subsequently,  when  the 
iwn  aortas  coalesce,  they  become  • 
hranches  of  the  hypogastric  arteries. 
The  veins  join  the  veins  of  the  yolk- 
sac,  and  form  the  umbilical  veins. 
When  the  allantois  meets  the  chorion, 
branches  from  these  allantoic  vessels 
permeate  the  cellular  tufts  or  fringes 
»hich  have  been  described  as  grow- 
ing from  the  outer  surface  of  the  false 
amoion  and  convert  them  into  villi, 
>Dd  these  eventually  form  the  fcetal 
pijrtion  of  the  placenta'  {Fig.  85,  c).  ' 

The  allantois  is  the  chief  agent  of  the 
Mrly  circulation,  for  it  is  the  duct  or 
irsct  along  which  the  vessels  extend 
»hich  convey  the  blood  of  the  embryo 
»  the  f<etal  chorion,  where  it  is  ex- 
ffsed  to  the  influence  of  the  mater- 
nal Mood  circulating  in  the  decidua 
'T  uterine  portion  of  the  placenta, 
fwm  which  it  imbibes  the  materials  of  nutrition,  and  to  which  it  gives  up  eifete 
maierials,  the  removal  of  which  is  necessary  for  its  purification.  In  some  animals 
ihesllantnis  is  a  hollow  projection  and  is  usually  styled  the  allantoic  vesicle ;  but 
lals.  and  especially  in  man,  the  external  or  mesoblastic  element 
•e  derived  from  the  yoik-sac — 


Fio.  87.— Sectional  plan  of  the  nravicl  inetua  in 
Ihird  and  fourth    mopth,    (From  Wagnur.)    a.    Plug 
mumis  In  the  neck  of  the  uterus,   b.  Fallopian  tube.   t. 
The  decidua  vera.    (•.  The  deoidua  vera  passing  into  Ihe 

rlRht  Fallopian  tube:  ihe  cavity -' •■■ ' 

com plelel J- occupied  bj- the  ovuii 

do  not  Blop  bere,  but  puss  over  Ihe  whole  uterine  surface 
of  the  placenta),  g.  Supposed  atlantolB.  A.  Umbilical 
vesicle,  i.  Amnion,  k.  Chorion,  covered  with  the  deeldua 
reflcia.  d.  Cavity  of  the  docldua.  /.  Decidua  aerotina, 
or  placental  decidua. 


.  Foinla  of  reHec. 
le  united  decidui 
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undergoes  great  development,  while  the  internal  or  hypoblastic  element  undergoes 
little  increase  beyond  the  body  of  the  embryo,  so  that  it  is  very  doubtful  whether 
any  cavity  exists  in  the  allantois  beyond  the  limits  of  the  umbilicus,  or  whether  it 
does  not  rather  consist  of  a  solid  mass  of  material  derived  from  the  mesoblastic 
tissue.^  A  portion  of  the  allantoic  vesicle  within  the  body-cavity  is  eventually 
destined  to  form  the  bladder,  while  the  remainder  forms  an  impervious  cord,  the 
urachus^  stretching  from  the  summit  of  the  bladder  to  the  umbilicus.  The  part 
external  to  the  foetus  forms  the  umbilical  cord,  by  which  the  foetus  is  connected 
with  the  villi  of  the  chorion,  and  which  eventually  form  the  foetal  portion  of  the 
placenta. 

The  Decidua. — The  growth  of  the  chorion  and  placenta  can  only  be  understood 
by  tracing  the  formation  of  the  decidua. 

The  decidua  (Figs.  80  G,  87)  is  formed  from  the  mucous  membrane  of  the 
uterus.  Even  before  the  arrival  of  the  fecundated  ovum  in  the  uterus  the 
mucous  membrane  of  the  latter  is  vascular  and  tumid,  and  when  the  ovum 
has  reached  the  uterus  it  becomes  imbedded  in  the  folds  of  the  mucous  mem- 
brane, which  grow  up  around  it  and  finally  completely  encircle  it,  so  as  to 
cover  it  in  entirely  and  exclude  it  from  the  uterine  cavity.  Thus  two  portions 
of  the  uterine  mucous  membrane  (decidua)  are  formed — viz.  that  which  coats  the 
muscular  wall  of  the  uterus,  decidua  vera^  and  that  which  is  in  contact  with 
the  ovum,  decidua  reflexa.  The  decidua  vera  at  the  os  internum  and  at  the  open- 
ings of  the  Fallopian  tubes  is  continuous  with  the  lining  membrane  of  these 
canals,  the  thickening  of  the  original  mucous  membrane  of  the  uterus  which  con- 
verts it  into  decidua  abruptly  ceasing  at  these  points.  The  neck  of  the  uterus 
after  conception  is  closed  by  a  plug  of  mucus.  The  decidua  vera  is  perforated  by 
the  openings  formed  by  the  enlarged  uterine  glands,  which  become  much  hypertro- 
phied  and  developed  into  tortuous  tubes.  It  contains  at  a  later  period  numerous 
arteries  and  venous  channels,  continuous  with  the  uterine  sinuses,  and  it  is  from 
it  that  the  uterine  part  of  the  placenta  is  developed.  The  portion  of  the  decidua 
vera  which  takes  part  in  the  formation  of  the  placenta  is  called  the  decidua 
serotina  (Fig.  87,  /). 

The  decidua  reflexa  is  shaggy  on  its  outer  aspect,  but  smooth  within.  The 
vessels  which  it  contains  at  first  disappear  after  about  the  third  month.  About 
the  fifth  or  sixth  month  the  space  between  the  two  layers  of  the  decidua  disap- 
pears, and  toward  the  end  of  pregnancy  the  decidua  reflexa  is  transformed  into  a 
thin  yellowish  membrane,  which  constitutes  the  external  envelope  of  the  ovum. 

Much  additional  interest  has  been  given  to  the  physiology  of  the  decidua  by 
the  fact,  which  seems  to  be  now  established  by  the  researches  of  Dr.  John 
Williams,  that  every  discharge  of  an  ovum,  whether  impregnated  or  not,  is,  as  a 
rule,  accompanied  by  the  formation  of  a  decidua,  and  that  the  essence  of  men- 
struation consists  in  the  separation  of  a  decidual  layer  of  the  mucous  membrane 
from  the  uterus ;  while  in  the  case  of  pregnancy  there  is  no  exfoliation  of  the 
membrane,  but,  on  the  contrary,  it  undergoes  further  development  in  the  manner 
described  above. 

The  Placenta  is  the  organ  by  which  the  connection  between  the  foetus  and 
mother  is  maintained.  It  therefore  subserves  the  purposes  both  of  circulation 
and  res] miration.  It  is  formed  of  two  parts,  as  already  shown — viz.  the  maternal 
portion,  which  is  developed  out  of  the  decidua  vera  (serotina),  and  the  foetal 
portion  formed  out  of  the  villi  of  the  chorion.  Its  shape  in  the  human  subject  is 
that  of  a  disk,  one  side  of  which  adheres  to  the  uterine  wall,  while  the  other  is 
covered  by  the  amnion.  The  villi  of  the  chorion  gradually  enlarge,  forming 
large  projections — *'  cotyledons  '' — which  each  contain  the  ramifications  of  vessels 

*  Indeed,  it  would  appear,  from  the  researches  of  His,  that  in  the  human  embryo  not  only  is  the 
allantois  formed  unusually  early,  as  is  admitted  by  all,  but  in  an  altogether  exceptional  manner,  not 
consisting  of  an  outgrowth  from  the  portion  of  the  splanchnopleure  engaged  in  tne  formation  of  the 
alimentary  canal,  but  being  present  from  the  very  earliest  period  as  a  stalk  connecting  the  posterior 
extremity  of  the  embryo  with  the  chorion. 
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communicating  with  the  umbilical  (allantoic)  arteries  and  veins  of  the  foetus. 
These  vascular  tufts  are  covered  with  epithelium,  and  project  into  corresponding 
depressions  in  the  mucous  membrane  (decidua  vera)  of  the  uterine  wall.  The 
maternal  portion  of  the  placenta  consists  of  a  large  number  of  sinuses  formed  by 
an  enlargement  of  the  vessels  of  the  uterine  wall.  These  bring  the  uterine  blood 
into  close  proximity  with  the  villi  of  the  foetal  placenta,  which  dip  into  the 
sinuses.  The  interchange  of  fluids  necessary  for  the  growth  of  the  foetus  and  for 
the  depuration  of  the  blood  takes  place  through  the  walls  of  the  villi,  but  there 
is  no  direct  continuitv  between  the  maternal  and  foetal  vessels.  The  foetal  ves- 
sels  form  tufts  of  capillaries,  the  blood  from  which  is  returned  by  small  veins, 
which  end  in  tributaries  of  the  umbilical  vein.  The  maternal  arteries  open  into 
spaces  somewhat  after  the  manner  of  the  arteries  of  the  erectile  tissues.  These 
spaces  communicate  with  a  plexus  of  veins  which  anastomose  freely  with  one 
another,  and  give  rise,  at  the  edge  of  the  placenta,  to  a  venous  channel  which  runs 
around  its  whole  circumference — the  placental  sinus. 

The  umbilical  cord  appears  about  the  end  of  the  fifth  week  after  conception. 
It  consists  of  the  coils  of  two  arteries  {umbilical,  originally  allantoic)  and  a  single 
vein,  united  together  by  a  gelatinous  tissue  {jelli/  of  Wharton),  There  are  origin- 
ally two  umbilical  veins,  but  one  of  these  vessels  becomes  obliterated,  as  do  also 
the  two  omphalo-mesenteric  arteries  and  veins  and  the  duct  of  the  umbilical 
vesicle,  all  of  which  are  originally  contained  in  the  rudimentary  cord.  The  per- 
manent structures  of  the  cord  are,  therefore,  furnished  by  the  allantois. 

In  this  manner  the  human  embrvo  eventuallv  becomes  surrounded  by  three 
membranes ;  (1)  the  amnion,  derived  from  the  outer  layer  of  the  mesoblast  and  the 
epiblast ;  (2)  the  chorion,  formed  most  probably  by  three  layers — the  allantois 
(which  is  derived  from  the  inner  layer  of  the  mesoblast  and  hypoblast),  the  false 
amnion,  and  perhaps  the  vitelline  membrane ;  and  (3)  the  decidua,  derived  from 
the  mucous  membrane  of  the  uterus. 

Development  of  the  Embryo  proper. — The  further  development  of  the  embryo 
will,  perhaps,  be  better  understood  if  we  follow  as  briefly  as  possible  the  principal 
facts  relating  to  the  chief  parts  of  which  the  body  consists — viz.  the  spine,  the 
cranium,  the  pharyngeal  cavity,  mouth,  etc.,  the  nervous  centres,  the  organs  of 
the  senses,  the  circulatory  system,  the  alimentary  canal  and  its  appendages,  the 
organs  of  respiration,  and  the  geni to-urinary  organs.*  The  reader  is  also 
referred  to  the  chronological  table  of  the  development  of  the  foetus  at  the  end  of 
this  section. 

Deyelopment  of  the  Spine. — We  have  already  traced  the  first  steps  in  the 
formation  of  the  spine :  (1)  The  looping  up  of  two  longitudinal  folds  from  the 
cells  of  the  epiblast  on  either  side  of  the  primitive  streak,  so  as  to  form  a  groove, 
and  the  gradual  growing  together  of  these  ridges  {lamince  dorsales)  so  as  to  con- 
vert the  groove  into  a  canal,  which  is  lined  by  epiblast,  and  out  of  which  the 
spinal  cord  is  developed.  (2)  The  formation  in  front  of  this  groove  of  a  con- 
tinuous cellular  cord  enclosed  in  a  structureless  sheath,  the  notochord  or  chorda 
donah's  (Fig.  88).  The  notochord  extends  from  the  cephalic  to  the  caudal 
extremity  of  the  embryo,  and  lies  in  the  place  which  is  afterward  occupied  by 
the  bodies  of  the  vertebrae.  (8)  On  either  side  of  the  neural  canal  a  portion  of 
the  mesoblastic  layer  is  divided  longitudinally  from  the  rest  of  the  mesoblast,  so 
a?  to  form  a  thick  column,  which  extends  from  the  cephalic  to  the  caudal  extremity 
of  the  embryo  on  either  side  of  the  spinal  canal  and  notochord  (Fig.  82,  a  7) ; 
this  is  the  protovertebral  column.  From  the  greater  part  of  it  is  derived  the 
vertebral  column,  a  small  portion  at  the  upper  and  outer  part  being  differentiated 
from  it  and  eventually  forming  the  muscles  of  the  back.  (4)  This  column  under- 
goes a  process  of  transverse  segmentation  and  becomes  converted  into  a  number 

*  The  flcope  of  this  work  only  permits  the  briefest  possible  reference  to  these  subjects.  Those 
»bo  wbh  to  study  the  subject  of  embryology  in  more  detail  are  referred  to  Kolli kef's  Enlwickelungs- 
g^^diiekle;  to  vol.  i.  pt.  1,  of  the  tenth  edition  of  Quain's  Anatomy ;  or  to  the  works  of  Professor 
ualton  and  of  Foster  and  Balfour. 
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of  quadrilateral  blocks,  the  protovertehral  somites  (Fig.  89).     The  process  of  see 
mentation  commences  in   the  cervical  region  and  proceeds  auccessivelv  throng) 


tlve  vertcbnl  column  and  ailtRceiti  parts 
(if  an  embrj'a  o[  the  siilh  day,  gliowlnit 
the  division  of  Ihe  wimltlve  vertebral 
■fgnieiits.  (FromKolIiker.Hfterlteiaak.t 
1,1'.  ChoniadamliBinilEshfaih. point- 
ed al  U»  uppvT  end.  2,  polnls  I^  tliree 
hum  to  ine  original  inlervalE  of  the 
prlmiUve vertebra!.    S,lnar'— " 


Fig.  SS.— Transverse  secllor 
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the  other  regions  of  the  spine  until  a  number  of  segments  are  formed,  which 
correspond  very  closely  to  the  number  of  the  permanent  vertebrae.  (5)  These 
protovertebral  somites  extend  laterally ;  they  grow  forward  and  inward  until  they 
meet  in  front  of  the  notocbord  in  the  middle  line,  which  they  thus  enclose,  and 
backward  and  inward  around  the  sptnul  canai,  which  they  also  enclose.  The 
notocbord  and  the  spinal  canal  are  thus  surrounded  by  a  cellular  mass  derived 
from  the  mesoblastic  layer,  which  constitutes  the  mnnhraiious  matrix  of  the 
vertebrBB.  This  structure  is  covered  on  its  internal  surface  by  hypoblast,  and  on 
its  outer  by  cpiblast,  and  presents  the  transverse  segmentation  already  described 
(page  107).  (6)  The  next  step  is  the  conversion  of  this  primitive  membranous 
matrix  into  cartilage.  This  takes  place  probably  about  the  fourth  or  fifth  week 
ID  the  human  embryo  (Kolliker).  The  part  of  the  protovertebral  somites  which 
haa  extended  backward  to  enclose  the  spinal  foramen,  and  which  eventually 
forms  the  arches  of  the  vertebrae,  simply  undergoes  a  process  of  chondnficatioD. 
so  that  the  permanent  arches  correspond  to  the  primary  segment  of  the  protover- 
tebral somites,  spaces  being  left  between  them  for  the  spinal  nerves  and  ganglia 
to  grow  out  from  the  spinal  cord.  But  a  somewhat  more  complex  change  goes 
on  in  the  portion  of  the  protovertebral  somites  which  encloses  the  notocbord,  and 
which  is  destined  to  form  the  bodies  of  the  vertebrae.  Here  each  one  of  the  pro- 
tovertebral segments  undergoes  a  second  transverse  division  through  its  centre, 
and  in  the  interval  which  is  left  between  these  secondary  segmentations  the 
fibrous  structure  of  the  intervertebral  disks  is  formed.  The  half-segment  of  the 
original  protovertebral  somites  on  either  side  of  this  secondary  segmentation  joins 
with  the  segment  above  and  below,  and  undergoes  clion  drill  cat  ion,  and  thus  fomis 
the  basis  of  the  body  of  a  future  vertebra.     Each  cartilaginous  body  of  a  vertebra 
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is  formed  therefore  out  of  half  an  original  protovertebral  plate  joined  to  the  half 
of  another  plate  above  or  below  it,  as  the  case  may  be.  (7)  The  notochord  con- 
tained in  the  centre  of  this  chondrifying  mass  does  not  continue  to  grow,  but 
becomes  in  the  human  subject  relatively  smaller,  so  as,  at  last,  to  form  a  mere 
slender  thread,  except  opposite  the  secondary  segmentations ;  that  is  to  say,  cor- 
responding to  the  intervals  between  the  bodies  of  the  permanent  vertebrae.  Here 
it  presents  thickenings  and  forms  an  irregular  network,  the  remains  of  which  are 
to  be  found  at  all  periods  of  life  in  the  central  pulp  of  the  intervertebral  disks. 

Development  of  the  Bibs  and  Sternum. — The  ribs  are  formed  by  extensions  of 
the  blastema  of  the  vertebrae  in  the  mesoblastic  layer  of  the  blastodermic  mem- 
brane. These  speedily  undergo  chondrification,  and  appear  as  cartilaginous  bars, 
and  become  separated  from  the  vertebrae  at  their  posterior  extremities.  At  their 
anterior  ends  the  costal  bars,  which  are  to  form  the  nine  upper  ribs,  turn  upward 
and  fuse  together  so  as  to  form  a  cartilaginous  strip  bounding  a  central  median 
fissure.  The  strips  on  either  side  then  join  in  the  middle  line  from  before  back- 
ward, and  so  give  rise  to  a  longitudinal  piece  of  cartilage,  which  represents  the 
manubrium  and  gladiolus  of  the  sternum.  In  the  process  of  development  the 
sternal  attachment  of  the  eighth  rib  disappears,  while  that  of  the  ninth  sub- 
divides, one  portion  remaining  attached  to  the  inferior  extremity  of  the  cartilag- 
inous sternum  and  becoming  developed  into  the  ensiform  cartilage ;  the  other  por- 
tion receding  from  the  sternum  and  becoming  attached  to  the  rib  above. 

The  further  development  of  the  vertebrae,  ribs,  and  sternum,  and  the  ossifica- 
tion of  their  cartilaginous  structure,  are  described  in  the  body  of  the  work. 

Deyelopment  of  the  Cranium  in  general,  and  the  Face. — ^^We  have  seen  that  the 
first  trace  of  the  embryo  consists  in  the  formation  of  a  longitudinal  fold  of  the 
epiblast  on  either  side  of  a  median  groove,  and  that  these  folds  or  ridges  grow 
backward  and  meet  in  the  median  line,  thus  forming  a  canal.  This  canal,  at  the 
cephalic  extremity  of  the  embryo,  is  dilated  and  forms  a  bulbous  enlargement. 
The  bulbous  enlargement  soon  expands  into  three  vesicular  dilatations,  which  are 
known  as  the  three  primary  cerebral  vesicles^  from  which  all  the  different  parts  of 
the  encephalon  are  presently  to  be  developed.  The  most  anterior  of  the  three 
forms  the  optic  thalamus,  whilst  a  hollow  projection  from  it  forms  the  corpus 
striatum  and  the  cerebral  hemispheres ;  the  middle  one  forms  the  tubercula  quad- 
rigemina ;  the  posterior  the  medulla  oblongata.  The  primary  cerebral  vesicles 
are  at  this  time,  of  course,  hollow,  and  their  cavities 
freely  communicate  with  each  other  at  the  points  of 
constriction.  As  the  embryo  grows,  the  cerebral 
vesicles  become  twice  bent  forward  on  their  own  axis 
(Figs.  90,  91,  A  and  b).  The  upper  or  posterior 
curvature  is  called  the  cerebral ;  the  lower  or  anterior, 
the  frontal  protuberance. 

Thus,  we   have  a   triple   cavity  (see  Fig.  91,  a, 
where  the  three  cavities  are  marked  <?,  we,  and  mo) 
lined  by  epiblast  and  covered  by  the  same  structure. 
Between  these  two  layers  of  epiblast,  a  layer  of  meso-         ^^^  9o.-Longitudinfti'\ection 
blast,  derived  from  the  protovertebral  plates  of  the     of  the  head  of  an  embryo  four 

,.  ,  J  i*^  1  ^111  weeks  old,  seen  from  the  inside. 

trunk,  IS  prolonged  and  spreads  over  the  whole  sur-  i.  ocuiar  vesicle.  2.  optic  nerve 

face  of  the  cerebral  vesicles.     From  these  structures  ?^t"?mediaJi^'-  bmin^'^.^'Middie 

the  cranium  and  its  contents  are  developed.     The  ex-  ^raj;;;  l  ^^^.r'^mn  ^f'i^l 

temal  layer  of  the  epiblast  forms  the  superficial  epi-  tentorium  cerebeiii.  9.  its  lateral 

,,.  •'/.I  imi  11        •!  ^  portion  intervening  between  Nos. 

thelium    of   the    scalp.       Ihe    mesoblastic    layer   lOrmS      4  and  5.    10.  The  pharyngeal  curve, 

the  true  skin,  the  blood-vessels,  muscles,  connective  aSditJ^y  vesVi?  "^^  ''"  '^^' 
tissue,  bones  of  the  skull,  and  membranes  of  the  brain. 

The  layer  of  epiblast  lining  the  cavity  forms  the  nervous  substance  of  the  en- 
cephalon, while  the  cavity  itself  constitutes  the  ventricles. 

The  upper  end  of  the  notochord  terminates  at  its  cephalic  end  in  a  pointed 
extremity  which  extends  as  far  forward  as  the  situation  of  the  body  of  the  future 
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Sphenoid  bone,  and  is  there  imbedded  in  a  mass  of  tissue,  the  '■'■  iDvesting  maes  of 
Kathke."     This  mass,  derived  from  meaoblastie  tissue,  becomes  cartilaginous,  and 


n  early  embiyoB  of  Ihe  rabbit.    Matoiifled.    (From  MihalkoTlcs).    A. 

B.  From  an  embryo  of  six  mlllimMwa  long.   c.  Vertical  section  of  the 

—   —  -  Aotiwhord  and  pllullary  body.  etc.  from  an  embryo  sixteen  millimMres  lonR.    In  a,  the  fau- 

—  opening  la  ellll  closed.  In  b,  It  is  formed,  c.  Aiileriot  cerebral  vealcle.  mc.  Mesocerehrum.  mo.  Medulla 
oblODgalu.    no.  Corneoiu  layer,    m.  Medullary  Inyer.    if.  Innindibulum.    am.  Amtilon.    spf,  Spheno-elhmaldal. 

^  ^„..„T  .j„~.._  .„„„,  „„*  —  ._t ,_i.., ,  .!,„  i,„,i„  „_n,|.    J    Heart.  ?-  AnteHor  extremity 

.      ...     ,1c  pnrtion  of prfmitivt  Inteetine.    i*a. 

le  pituitary  body  (pj/).    ch.  Notoebord-    pA.  Phar^'QX. 

from  it  is  developed  the  basi -occipital  and  basi-sphenoid  bones;  and  bv  lateral 
expansions  from  it  the  occipitals,  the  greater  wings  of  the  sphenoid,  and  the 
periotic  mass  of  cartilage  surrounding  the  primary  auditory  vesicles.  From  the 
front  of  the  investing  mass  of  Ratbke,  which  corresponds  in  position  to  the  future 
dorsum  sellse,  two  lateral  bars  are  directed  forward,  enclosing  a  space  which  forms 
the  pituitary  fossa,  in  which  the  pituitary  body  is  eventually  developed.  These 
bars  are  named  the  trabec^ilte  eranii,  and  extend  as  far  forward  as  the  anterior 
extremity  of  the  head,  where  tbey  coalesce  with  each  other.  From  them  the  pre- 
sphenoid  and  lateral  masses  of  the  ethmoid  are  developed;  and  from  their 
coalescence  a  process  is  prolonged  downward  to  form  a  portion  of  the  fi-amework 
of  the  face  hereafter  to  be  described.  From  the  pre-spbenoids,  which  are  developed 
from  these  trabeculse,  a  lateral  expansion  takes  place,  which  forms  the  orbito- 
sphenoid  or  lesser  wings  of  the  sphenoid,  enclosing  the  optic  foramen. 

The  portions  of  the  base  of  the  skull  above  enumerated  are  formed  from  car- 
tilage; the  remaining  parts,  comprising  the  vault  of  the  skull,  are  of  membran- 
ous formation. 

The  head  at  first  consists  simply  of  a  cranial  cavity,  the  face  being  subse- 
quently developed  in  the  manner  now  to  be  described  by  a  series  of  arches  with 
clefts  between  them  (Fig.  92).  It  is  usual  in  our  text-books  to  describe  the  arches 
a«  a  series  of  processes  which  jut  out  and  grow  downward,  inclining  toward  each  other 
until  they  meet  in  the  middle  line  and  thus  form  a  series  of  inverted  arches,  whilst 
the  clefts  are  the  spaces  left  between  each  pair  of  processes.  This,  however,  is 
scarcely  the  true  description,  and  leads  rather  to  the  false  impression  that  the  arches 
are  formed  by  processes  budding  out  from  the  embryo,  much  in  the  same  way  as  the 
extremities  do,  and  that  they  are  free  on  every  side.  What  would  appear  rather 
to  be  the  case  is  that  the  clefts  are  first  formed,  and  that  the  arches  consist  of 
a  thickening  of  the  tissue  on  either  side  of  the  cleft.  The  arches  thus  formed 
may  be  divided  into  two  sets,  according  as  they  are  placed  in  front  or  behind  the 
buccal  cavity  or  mouth,  the  former  being  known  as  the  prc-oral,  and  the  latter  as 
the  po»t-oral  or  rtgeeral  arches.  Four  clefts  on  each  side  appear  laterally  in  the 
undifferentiated  somato-splanchno-pleurnl  wall  of  the  fore-gut,  and  between  them 
thickenings  occur  which  ultimately  meet  and  fuse  in  the  middle  line,  and  above 
are  connected  with  the  investing  mass.     These  are  the  so-called  post-oral  visceral 
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ftrcbes.  DifTerentiation  of  tissue  occurs  from  above  dowDward,  and  cartilage  is 
fonned  in  them  in  connection  with  the  investing  mass.  The  first  poat-oral  arch 
has  no  cleft  in  front  of  it,  but  forma  a  rim 
at  front  of  the  fore-gut.  The  pre-oral  arches 
are  fonned  in  much  the  same  way  by  local 
thickening,  in  which  differentiation  of  tissue 
and  formation  of  cartilage  proceeds  in  a  di- 
rection forward  and  downward  from  the  in- 
resting  mass. 

The  pre-oral  or  maxillary  arch  unites 
with  the  fronlo-naaal  process.  The  latter 
consists  of  three  plates,  a  central  single  one 
and  two  lateral  ones.  The  central  is  called 
the  '^mid-frontal"  process.  It  is  prolonged 
downward  and  forward  from  the  middle  of 
ihe  base  of  the  skull,  from  the  point  of  coal- 
fscence  of  the  two  trabeculae  cranii,  and 
from  it  the  septum  of  the  nose  is  developed. 
It  is  free  in  front  and  below,  but  behind  it 
is  united  with  the  coalesced  portion  of  the 
trabeculae,  which  therefore  probably  assists 
in  the  formation  of  the  septum  nasi,  and,  in 

tddition,  of  the  prominent  part  of  the  future  via.  W.— FHce  of  an  emhrro  nfatoW  dayi. 

Qose.     The  lateral  plates  of  the  fronto-nasai     "^{'".^  lefi oiacw^foB™  TTnfcri ™'mB|: 
process  are  separated  from  the  central  one     .su^''rio''r'^"li1!iB^'JSb«Kiii!*  fi°Mouth  oThu: 
by  a  depression  or  furrow  on   either  side;     F™rth  ^Ki"''pfi''m?'"*™)  "?^\  i**  ^n^'i  ^' 
these  furrows  form  the  primary  nasal  pita  or     iiive  aiiditoVy  vesicle. 
fossfe.     The  lateral  plates  project  downward 

parallel  to  the  mid-proceas  for  a  certain  distance,  and  then,  curving  inward,  unite 
with  it,  thus  shutting  off  the  nasal  fosase  from  the  rest  of  the  face.  The  lateral 
mafses  of  the  ethmoid  and  lachrymal  hones  are  developed  in  the  lateral  plates,  and 
by  their  union  with  the  mid-frontal  process  form  the  intermaxillary  bone  and  the 
lunula,  or  central  part  of  the  upper  lip. 

The  maxillary  processes  spring  from  the  base  of  the  skull  farther  back  than 
the  fronto-naeal  process,  and  at  their  origin  are  closely  connected  with  the  first 
post-oral  or  visceral  arch.  They  descend  for  a  short  distance,  forming  the  outer 
wall  of  the  orbit,  in  which  the  malar  bone  is  developed ;  they  then  incline  inward, 
and,  meeting  the  lateral  plate  of  the  fronto-nasal  process,  form  the  door  of  the 
orbit,  and  shut  it  oif  from  the  rest  of  the  face;  then,  continuing  their  course 
downward  and  inward,  they  join  the  mid-frontal  process,  and  with  it  complete 
Ihe  alveolar  arch  and  the  superior  maxillary  bone.  Finally,  palatal  processes  are 
fonned  by  an  extension  of  the  inner  sides  of  this  arch;  these  coalesce  with  each 
other  in  the  median  line,  thns  separating  the  cavity  of  the  mouth  from  the  nasal 
foesie,  and  completing  the  palate.  In  front,  however,  the  palatal  processes  do  not 
join  with  the  mid-frontal  process,  but  a  cleft  is  left  which  constitutes  the  naso- 
palatine canal. 

The  post-oral  arches  are  five  in  number  in  the  Amniota,  and  of  these  the  first 
only  is  concerned  in  the  formation  of  the  face  proper,  for  the  lower  jaw  or  man- 
dible is  developed  from  it,  and  hence  it  is  called  the  mandibular  arch.  The  second 
a  named  the  hj/oid  arch :  from  it  is  formed  the  styloid  process,  the  stylo-byoid 
ligament,  and  the  lesser  eornu  of  the  hyoid  bone.  The  third,  or  thyro-hyoid  arch, 
pvM  origin  to  the  great  cornu  of  the  hyoid  bone,  while  the  body  of  this  bone  is 
formed  between  the  second  and  third  arches.  This  third  arch,  together  with  the 
fonrth  and  fifth,  corresponds  to  the  arches  which,  in  fishes  and  amphibia,  form  the 
gill-plates,  but  which,  in  the  Amniota,  never  do  so.  They  are  appropriately  named 
branehial,  a  name  which  was  primarily  given  to  the  whole  series  by  Bnthke,  who 
Srtt  described  them. 
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The  deeper  part  of  the  first  or  mandibular  arch  contains  a  transitory  cartilag- 
inous rod,  which  has  long  been  known  as  the  "  cartilage  of  Meckel,"  the  proximal 
end  of  which  is  at  first  attached  to  the  basis  cranii,  and  afterward  to  the  periotic 
capsule.  It  is,  during  some  part  of  fcetal  life,  directly  continuous  with  the  mal- 
leus, which  by  some  is  believed  to  be  developed  from  it.  The  median  end  of  the 
lower  jaw-bone  is  developed  from  this  cartilage,  the  greater  part  of  the  rest  of  the 
bone  being  developed  from  membrane. 

Between  the  mandibular  arch  and  the  pre-oral  arch  the  buccal  cavity  or  mouth 
is  formed ;  this  therefore  owes  its  origin  to  the  formation  of  the  pre-oral  and 
post-oral  arches,  and  consists  of  mesoblastic  tissue  lined  hy  epiblaat.  As  has  been 
already  stated  (page  108),  the  cephalic  end  of  the  embryo  becomes  remarkably  curved 
on  itself,  the  fore-  and  mid-brain  bending  downward  over  the  anterior  portion  of 
the  original  blastodermic  membrane,  which  remains  within  the  body  of  the  embryo 
and  from  which  the  fore-gut  is  to  be  developed.  This  fore-gut  terminates  as  a 
blind  e.xtremity  beneath  the  head  (Fig.  91,  A,/).  Another  prominence  forms  on 
the  ventral  surface  of  the  fore-gut,  which  represents  the  rudimentary  heart  (Fig,  91, 
A,  A),  Between  these  two  prominences,  caused  by  the  projection  of  the  fore-brain 
and  the  heart,  an  involution  of  the  epiblast  takes  place,  gradually  deepening  until 
it  comes  in  contact  with  the  upper  part  of  the  alimentary  canal.  This  is  the 
»tomod(Pum  or  mouth,  which  becomes  bounded  by  prominences,  constituting  the 
pre-oral  and  mandibular  arches.  It  is  at  first  n«ite  distinct  from  the  npper  part 
of  the  alimentary  canal,  which,  as  we  shall  hereafter  see,  is  formed  by  the  inner  or 
splanch no- pleural  layer  of  the  raeaoblast  and  the  hypoblast,  the  two  cavities  being 
separated  by  all  the  layers  of  the  blastodermic  membrane.  A  communication 
between  the  two  is.  however,  gradually  effected  by  the  absorption  of  these  layers 
at  the  anterior  extremity  of  the  primitive  alimentary  cavity  and  the  hinder  portion 
of  the  epiblastic  involution  from  which  the  mouth  is  formed. 

Between  each  of  these  visceral  arches  are  clefts,  four  in  number,  which  run 
through  the  tissues  of  the  neck  to  the  cavity  of  the  pharvn.x  ;  the  first  persists, 
though  only  in  a  portion  of  its  extent,  forming  the  Eustachian  tube,  the  meatus 
aitditorius,  and  the  tympanic  cavity.  The  other  fissures  are  wholly  closed  by  the 
sixth  week. 

Development  of  the  Nerrons  Centres  a^d  the  Herrea. — The  medullary  groove 
above  described  (page  107)  presents,  about  the  third  week,  three  dilatations  at  its 
upper  end,  separated  by  two  constrictions,  and  at  its  posterior  part  another  dila- 
tation, called  the  rhomboidal  sitiui.  Soon  afterward 
the  groove  becomes  a  closed  canal  {medullary  canal). 
and  a  soft  blastema  lines  it.  exhibiting  corresponding 
dilatations.  This  is  the  rudiment  of  the  cerebro-spinal 
axis.  As  the  embrvo  grows,  its  cephalic  part  becomes 
more  curved,  and  the  three  dilatations  at  the  anterior 
end  of  the  primitive  cerebro-spinal  axis  become  vesicles 
distinctly  separate  from  each  other  (Fig,  90).  These 
are  the  cerebral  vesicles — anterior,  middle,  and  pos- 
terior. The  anterior  cerebral  vesicle  (situated,  at  this 
(leriod,  quite  below  the  middle  vesicle)  is  the  rudiment 
of  the  third  ventricle,  and  of  the  parts  surrounding  it — 
,  y  viz.  the  optic  thalami  and  all  the  parts  which  form  the 

F[fi. a3.-s<.cii.)n  of  ihe  m>-  floor  of  the  third  ventricle.  The  middle  vesicle  repre- 
™™i™i  ri.=t..n  at  ^(,,,(3 (1,^ a^^„ej„(.t gf  g y] yjng^-itlj  fhc corpora quadrigBm- 
ina.  The  posterior  vesicle  is  developed  into  thefourth 
TniriiVrrriiiimV^iT"' opw-  ^'c^tricle,  and  its  walls  form  the  pons  Varolii,  medulla 
teriorpintiiiin.fiiietflniii.piosod  oblongata,  and  parts  in  the  floor  of  the  fourth  ventricle, 
t/rtortiliumn,  "uuVI'coiiimn'  At  an  early  period  in  the  development  of  this  primi- 

iertorroiiu!"i™i^wrior"rooi>.     ''^'^  brain   a  protrusion  takes  place  from  the  anterior 
vesicle,   wliich   is  at   first   simple,    but   soon   becomes 
divided  into  two  parts  by  an  antero-posterior  fissure.     These  expand  laterally, 
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and  the  cerebral  hemispheres  and  corpora  striata  are  developed  from  them. 
From  the  fore-part  of  the  posterior  cerebral  vesicle  a  similar  protrusion 
takes  place,  forming  the  rudiment  of  the  cerebellum.  In  consequence  of  these 
protrusions  or  outgrowths  taking  place,  the  three  primary  cerebral  vesicles 
are  now  converted  into  six  permanent  rudiments  of  the  brain  and  medulla  oblon- 
gata. The  anterior  part  of  the  original  anterior  cerebral  vesicle  (fore-brain, 
prosencephalon),  now  divided  into  two,  constitutes  the  cerebral  hemispheres, 
corpus  callosum,  corpora  striata,  fornix,  lateral  ventricles,  and  olfactory  bulbs. 
These  parts  lie  at  first  quite  covered  and  concealed  by  those  formed  from  the 
middle  primary  vesicle  and  by  the  optic  thalami,  which,  with  the  optic  nerves, 
the  third  ventricle  and  the  parts  in  its  floor,  are  furnished  by  the  posterior  portion 
of  the  anterior  vesicle  (inter-brain,  thalamencephalon).  By  the  third  month,  how- 
ever, the  hemispheres  have  risen  above  the  optic  thalami,  and  by  the  sixth  month 
above  the  cerebellum.  Fissures  are  seen  on  the  surface  of  the  hemispheres  at  the 
third  month,  but  all  except  one  disappear.  This  one  persists,  and  forms  the  fissure 
of  Sylvius.  The  permanent  fissures  for  the  convolutions  do  not  form  till  about 
the  seventh  or  eighth  month.  The  middle  cerebral  vesicle  (mid-brain,  mesen- 
cephalon) is  at  first  situated  at  the  summit  of  the  angle  shown  on  Fig.  90.  Its 
smooth  surface  is  soon  divided,  by  a  median  and  transverse  groove,  into  four 
tubercles  (tubercula  quadrigemina),  which  are  gradually  covered  in  by  the  growth 
of  the  cerebral  hemispheres.  Its  cavity  diminishes  as  its  walls  thicken,  and  con- 
tracts to  form  the  aqueduct  of  Sylvius.  The  crura  cerebri  are  also  formed  from 
this  vesicle.  The  third  primary  cerebral  vesicle  at  an  early  period  (between  the 
ninth  and  twelfth  week)  consists  of  the  hind-brain  or  epencephalon,  forming  the 
cerebellum,  pons  Varolii,  and  anterior  part  of  the  fourth  ventricle,  and  of  the 
after-brain  or  metencephalon,  which  forms  the  medulla  oblongata  with  the  rest  of 
the  fourth  ventricle. 

The  development  of  the  pituitary  body  has  of  late  received  much  attention.  It 
is  mainly  formed  by  a  diverticulum  from  the  buccal  involution  of  epiblast.  At  its 
upper  and  front  part  this  involution,  from  which  the  mouth  or  stomodaeum  is 
developed,  forms  a  hollow  saccular  protrusion,  which  extends  into  the  angle  formed 
bv  the  bend  of  the  fore- with  the  mid-brain.  Here  it  comes  in  contact  with  a 
median  hollow  protrusion,  which  passes  downward  and  backward  from  the 
posterior  portion  of  the  anterior  cerebral  vesicle  (Fig.  91,  c,  if).  They  become 
intimately  connected,  and  together  form  the  pituitary  body  or  hypophysis. 

When  the  medullary  groove  is  first  closed,  the  foetal  spinal  marrow  occupies 
its  whole  length,  and  presents  a  large  central  canal,  which  gradually  contracts  in 
consequence  of  the  thickening  and  rapid  growth  of  the  epiblast  around  it.  This 
increase  in  thickness  takes  place  principally  at  the  sides,  so  that  eventually  the 
central  canal  acquires  on  section  the  appearance  of  a  slit.  According  to  some 
investigators,  the  two  sides  of  this  slit  eventually  join  in  the  middle,  and  the 
original  canal  is  divided  into  two :  an  ariterior^  which  becomes  the  central  perma- 
nent canaU  which  in  after  life  is  no  longer  perceptible  to  the  eye,  though  it  is  still 
visible  on  microscopic  section ;  and  a  posterior,  which  becomes  filled  about  the 
ninth  week  with  a  septum  of  connective  tissue  from  the  pia  mater,  and  forms  the 
posterior  fissure  of  the  cord.  According  to  other  observers,  the  posterior  fissure  is 
formed  independently  of  the  central  canal  as  a  cleft  formed  by  the  enlarging 
lateral  halves  of  the  cord,  into  which  an  ingrowth  of  connective  tissue  from  the 
pia  mater  takes  place.  The  anterior  fissure  is  apparently  formed  in  this  latter 
manner,  simply  as  a  cleft  left  between  the  lateral  halves  of  the  cord. 

After  the  fourth  month  the  spinal  column  begins  to  grow  in  length  more 
rapidly  than  the  medulla  spinalis,  so  that  the  latter  no  longer  occupies  the  whole 
canal.  The  cord  is  composed  at  first  entirely  of  uniform-looking  cells,  which  soon 
separate  into  two  layers,  the  inner  of  which  forms  the  epithelium  of  the  central 
canal,  while  the  outer  forms  the  central  gray  substance  of  the  cord.  The  white 
columns  are  formed  later ;  their  rudiments  can  be  detected  about  the  fourth  week, 
and  some  embryologists  believe  that  they  are  developed  from  the  mesoblast. 
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The  cerebral  and  spinal  membranes  are,  according  to  Kolliker,  a  production  from 
the  protovertebral  disks,  and  are  recognizable  about  the  sixth  week.  As  the  fissures 
separating  the  segments  of  the  cerebro-spinal  axis  appear,  the  membranes  extend 
through  them  and  the  pia  mater  passes  into  the  cerebral  ventricles.  Bischoff, 
however,  describes  the  pia  mater  and  arachnoid  as  developed  from  the  cerebral 
vesicles,  so  that  they  are,  according  to  him,  formed  in  the  position  which  they 
permanently  occupy. 

The  Nerves. — The  nerves  are  developed,  like  the  rest  of  the  nervous  system, 
from  epiblast.  The  spinal  nerves  are  developed  as  follows :  Close  to  the  point 
of  involution  of  the  epiblast  in  the  median  line — that  is  to  say,  in  the  angle  of 
junction  of  the  neural  and  general  epiblast — a  cellular  swelling  constituting  the 
neural  crest  appears,  and  forms  a  continuous  ridge  on  the  dorsal  aspect  of  the 
neural  canal.  On  this  crest  enlargements  occur,  corresponding  with  the  middle 
of  each  protovertebral  segment.  These  grow  downward  between  the  neural  canal 
and  the  mesoblastic  tissue  forming  the  protovertebrae,  and  occupy  a  position  on  the 
lateral  wall  of  the  canal.  These  enlargements  are  the  rudiments  of  the  ganglion 
of  the  posterior  root ;  they  are  at  first  attached  to  the  neural  crest  from  which  they 
spring,  but  subsequently  this  attachment  becomes  lost,  and  they  then  form  isolated 
masses  on  either  side  of  the  neural  canal,  which  now  contains  the  rudimentary 
cord.  They  consist  of  oval  cells,  from  either  end  of  which  a  process  eventually 
springs ;  one,  passing  centrally,  grows  into  the  embryonic  cord  and  constitutes  the 
posterior  root  of  the  nerve ;  the  other,  growing  peripherally,  joins  the  fibres  of  the 
anterior  root  to  form  the  spinal  nerve. 

The  anterior  root  is,  according  to  the  recent  researches  of  His,  a  direct  out- 
growth of  certain  cells  which  are  found  in  the  rudimentary  cord,  and  which  are 
named  neuroblasts.  These  cells,  like  those  mentioned  above,  are  oval,  and  have  a 
prolongation  directed  outward  toward  the  surface  of  the  cord.  These  processes 
pass  out  of  the  cord  in  bundles  and  penetrate  the  mesoblast  and  join  with  fibres 
of  the  posterior  root,  and  from  the  point  of  union  the  nerve  grows  toward  its 
peripheral  termination. 

Most  of  the  cranial  nerves  are  developed  in  the  same  manner  as  the  posterior 
roots  of  the  spinal  nerves.  That  is  to  say,  the  neural  crest,  developed  from  the 
epiblast,  is  continued  onward,  along  the  dorsal  surface  of  the  cephalic  portion  of 
the  neural  tube,  as  far  as  the  mid-brain.  From  this  a  series  of  swellings  at 
irregular  intervals  form  the  rudimentary  ganglia,  from  the  polar  cells  of  which 
the  nerve  is  formed  and  its  connection  with  the  brain  established.  This  appeai-s 
to  be  the  case  with  the  third,  fifth,  the  facial,  the  auditory,  the  glosso-pharyngeal, 
and  the  pneumogastric  and  probably  the  fourth.  With  regard  to  the  mode  of 
origin  of  the  sixth,  the  spinal  accessory,  and  the  hypoglossal,  our  knowledge  is 
not  so  exact,  but  they  would  appear  to  arise,  like  the  anterior  roots  of  the  spinal 
nerves,  from  groups  of  oval  cells  (neuroblasts)  in  the  basal  laminae. 

The  olfactory  tract  and  bulb  is  a  protrusion  of  the  antero-ventral  part  of  each 
cerebral  hemisphere.  This  protrusion  comes  in  contact  with  the  thickened 
epiblast  of  the  olfactory  area  (see  page  125),  from  which  neuroblastic  cells,  which 
are  formed  within  the  area,  pass  out  and  form  a  ganglion  between  the  area  and 
the  olfactory  bulb.  From  this  ganglion  cell-processes  grow  centripetally  to  form 
the  nerve-roots,  and  centrifugally  to  form  the  olfactory  nerves  which  ramify  on  the 
Schneiderian  membrane. 

The  optic  nerve  arises  in  a  manner  entirely  different  from  any  of  the  other 
cranial  nerves,  as  a  hollow  outgrowth  of  the  brain,  which  subsequently  becomes 
solid.     It  will  be  considered  in  connection  with  the  development  of  the  eye. 

The  sympathetic  nerves  are  developed  as  outgrowths  from  the  gangliated  roots 
of  the  spinal  and  cranial  nerves. 

Development  of  the  Eye. — The  nervous  elements  and  non-vascular  parts  of 
the  eye  are  formed  from  the  epiblast,  and  the  vascular  portions  from  the  meso- 
blast ;  but  the  method  of  development  is  somewhat  complicated.  The  essential 
portion  of  the  eye — /.  e,  the  retina  and  the  parts  immediately  connected  with  it 
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— is  an  outgrowth  from  the  rudimentary  brain  (primitive  ocular  vesicle),  and  this 
outgrowth  is  met  by  an  ingrowth  from  the  common  epidermic  or  corneous  layer 
of  tne  epiblast,  out  of  which  the  lens  and  the  conjunctival  and  corneal  epithelium 
are  developed. 

The  first  appearance  of  the  eye  consists  in  the  protrusion  or  evolution  from 
the  medullary  wall  of  the  thalamencephalon,  or  inter-brain,  of  a  vesicle,  called  the 
primitive  ocular  vesicle.  This  is  at  first  an  open  cavity  communicating  by  a  hollow 
stalk  with  the  general  cavity  of  the  cerebral  vesicle.  As  development  advances 
the  hollow  stalk  becomes  solid,  and  thus  the  optic  nerve  is  formed,  receiving,  how- 
ever, in  a  way  presently  to  be  explained,  mesoblastic  elements  for  the  formation 
of  its  central  artery  and  connective  tissue.  As  the  primitive  ocular  vesicle  is  pro- 
longed forward,  it  meets  the  epidermic  layer  of  the  epiblast,  which  at  the  point  of  . 
contact  becomes  thickened,  and  then  forms  a  depression  which  gradually  encroaches 
on  the  most  prominent  part  of  the  primitive  ocular  vesicle,  which  in  its  turn 
appears  to  recede  before  it,  so  as  to  become  at  first  depressed  and  then  inverted 
in  the  manner  indicated  by  the  annexed  figure  (Fig.  94,  a),  so  that  the  cavity  is 
finally  almost  obliterated  by  the  folding  back  of  its  anterior  half,  and  the  original 
sac  converted  into  a  cup-shaped  cavity,  the  ocular  cup^  in  which  the  involuted 
epiblastic  layer,  the  rudiment  of  the  lens,  is  received  (Fig.  94,  b).  This  cup- 
shaped  cavity  consists  therefore  of  two  layers:  one,  the  outer,  originally  the 
posterior  half  of  the  primitive  ocular  vesicle,  is  thin,  and  eventually  forms  the 
pigmental  layer  of  the  retina ;  ^  the  other  layer,  the  inner,  originally  the  anterior 
or  more  prominent  half,  which  has  become  folded  back,  and  is  much  thicker, 
is  converted  into  the  nervous  layers  of  the  retina.  Between  the  two  are  the 
remains  of  the  cavity  of  the  original  primary  vesicle,  which  finally  becomes 
obliterated  by  the  union  of  its  two  layers.  As  development  proceeds  the  cup- 
shaped  cavity  or  ocular  cup  increases  in  size,  and  thus  a  space  is  formed  between  it 
and  the  rudimentary  lens  which  it  contains ;  this  is  the  secondary  ocular  vesicle^  and 
in  it  the  vitreous  humor  is  developed  (Fig.  94,  c).  The  folding  in  of  the  primary 
optic  vesicle  to  produce  the  optic  cup  proceeds  from  above  downward,  and  grad- 
ually surrounds  the  lens,  but  leaves  an  aperture  or  fissure  below,  the  choroidal 
fissure  or  ocular  cleft^  through  which  vascular  elements,  within  the  vesicle  and 
derived  from  the  mesoblast,  retain  their  con- 
nection with  the  rest  of  the  mesoblast.  This  yp 
gap  or  cleft  is  continued  for  some  distance 


B 


Fig.  94.— Diagram  of  development  of  the  lens.  abc. 
Different  stages  of  development.  1.  Epidermic  layer.  2. 
TUekeniog  of  this  laver.  3.  Crystalline  depression.  4. 
Primitive  ocular  vesicle,  its  anterior  part  pusned  back  by 
the  crystalline  depression.  5.  Posterior  part  of  the  primi- 
tive ocalar  vesicle,  forming  the  external  layer  of  the  sec- 
ondary ocular  vesicle.  6.  Point  of  separation  between  the 
'•ens  and  the  epidermic  layer.  7.  Cavity  of  the  secondary 
ocalar  vesicle,  occupied  by  the  vitreous. 


Fig.  95.— Diagrammatic  sketch  of  a  vertical 
longitudinal  section  through  the  eyeball  of  a 
human  foetus  of  four  weeks.  (After  Kolllker). 
Magnified  100  diameters.  The  section  is  a  little  to 
the  side,  so  as  to  avoid  passing  through  the  ocular 
cleft,  c.  The  cuticle,  where  it  becomes  later  the 
cornea.  I.  The  lens.  op.  Optic  ner\'c  formed  bv 
the  pedicle  of  the  primary  optic  vesicle,  vd.  Pri- 
mary medullarv  cavity  of  tne  optic  ve.«iieie.  p. 
The  pigment-layer  of  the  outer  wall.  r.  The  inner 
wall  forming  the  retina,  vs.  Secondary  optic 
vesicle  containing  the  rudiment  of  the  vitreous 
humor. 


into  the  stalk  of  the  optic  vesicle,  and  thus  allows  a  process  of  the  mesoblast  to 
extend  down  the  stalk  to  form  the  arteria  centralis  retinae  and  its  accompanying 

*  This  layer  forms  functionally  part  of  the  choroid,  and  was  formerly  described  as  belonging  to 
this  membrane ;  it  is  now  described  as  part  of  the  retina,  on  account  of  its  method  of  development. 
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vein.  The  lens  is  at  first  a  thickening  of  the  epiblast ;  then  a  depression  or  involu- 
tion takes  place,  thus  forming  an  open  follicle,  the  margins  of  which  gradually 
approach  each  other  and  coalesce,  forming  an  enclosed  cavity  of  epiblastic  cells 
(Fig.  94).  At  the  point  of  involution  the  external  layer  of  epiblast  separates  from 
the  ball  of  the  lens  and  passes  freely  over  the  surface,  so  that  the  lens  becomes  dis- 
connected from  the  epiblastic  layer  from  which  it  was  developed,  and  recedes  into 
the  ocular  cup,  while  the  cuticular  layer  covering  it  is  developed  into  the  corneal 
epithelium.  The  cells  forming  the  posterior  or  inner  wall  of  the  cavity,  which  is  to 
form  the  lens,  rapidly  increase  in  size,  becoming  elongated  and  developed  into 
fibres,  and,  filling  up  the  cavity,  convert  it  into  a  solid  body.  The  cells  on  the 
anterior  wall  undergo  no  change  and  retain  their  cellular  character.  The  secondary 
ocular  vesicle,  or  space  between  the  lens  and  the  hollow  of  the  ocular  cup  (Fig.  94, 
c  7,  and  95),  contains  a  quantity  of  mesoblastic  tissue  continuous  through  the  ocular 
cleft  with  the  rest  of  the  mesoblast,  and  into  this  blood-vessels  project  themselves 
through  the  ocular  cleft.  The  iris  and  ciliary  processes  are  formed  from  this  vas- 
cular tissue,  and  the  choroid  is  developed  in  the  mesoblast  surrounding  the  ocular 
vesicle.  A  portion  of  this  tissue  also  becomes  converted  into  the  vitreous  humor, 
and  surrounds  the  lens  with  a  vascular  membrane — the  vascular  capsule  of  the  len^^ 
which  is  connected  with  the  termination  of  the  temporary  artery  (hyaloid)  that 
forms  the  continuation  of  the  central  artery  of  the  retina  through  the  vitreous 
chamber.  This  vascular  capsule  of  the  crystalline  lens  forms  the  membrana 
pupillaris  (described  on  a  subsequent  page),  and  also  attaches  the  borders  of  the 
iris  to  the  capsule  of  the  lens.     It  disappears  about  the  seventh  month. 

The  eyelids  are  formed  at  the  end  of  the  third  month  as  small  cutaneous  folds, 
which  come  together  and  unite  in  front  of  the  globe  and  cornea.  This  union  is 
broken  up  and  the  eyelids  separate  before  the  end  of  foetal  life. 

The  lachrymal  canal  appears  to  result  from  the  non-closure  of  a  fissure  which 
exists  between  the  lateral  plates  of  the  fronto-nasal  and  maxillary  processes. 
Born,  however,  considers  that  it  is  formed  by  a  thickening  of  the  deeper  layer  of 
the  epidermis  which  sinks  into  the  coriura  and  subsequently  becomes  hollowed  out 
into  a  tube. 

DeTelopment  of  the  Ear. — The  first  rudiment  of  the  ear  appears  shortly  after 
that  of  the  eye,  in  the  form  of  a  thickening  of  the  epiblast,  on  the  outside  of  that 
part  of  the  third  nrimary  cerebral  vesicle  which  eventually  forms  the  medulla 
oblongata,  opposite  the  dorsal  end  of  the  second  pharyngeal  arch.  The  thicken- 
ing is  then  followed  by  an  involution  of  the  epiblast,  which  becomes  deeper  and 
deeper,  sinking  toward  the  base  of  the  skull,  and  a  flask-shaped  cavity  is  formed ; 
by  the  narrowing  of  the  external  aperture  the  neck  of  the  flask  constitutes  the 
recessus  labyrinthi.  The  mouth  of  the  flask  then  becomes  closed,  and  thus  a  shut 
sac  is  formed,  the  primitive  auditory  or  otic  vesicle^  which  by  its  sinking  inward 
comes  to  be  placed  between  the  ali-sphenoid  and  basi-occipital  matrices.  From 
it  the  internal  ear  is  formed.  The  middle  ear  and  the  Eustachian  tube  are 
developed  from  the  remains  of  the  first  branchial  cleft,  while  the  pinna  and 
external  meatus  are  developed  from  the  soft  parts  overhanging  the  posterior  mar- 
gin of  the  same  cleft.  The  primary  otic  vesicle  becomes  imbedded  in  a  mass  of 
mesoblastic  tissue,  which  rapidly  undergoes  chondrification  and  ossification.  It, 
as  before  stated,  is  at  first  flask-  or  pear-shaped,  the  neck  of  the  flask,  or  recessus 
labyrinthi^  prolonged  backward,  forms  the  aquseductus  vestibuli.  From  it  are 
given  off  certain  prolongations  or  diverticula,  from  which  the  various  parts  of  the 
labyrinth  are  formed.  One  from  the  anterior  end  gradually  elongates,  and,  form- 
ing a  tube  bends  on  itself  from  left  to  right  and  becomes  the  cochlea.  Three 
others,  which  appear  on  the  surface  of  the  vesicle,  form  the  semicircular  canals. 
Of  these,  the  one  which  is  to  constitute  the  external  semicircular  canal  does  not 
appear  at  such  an  early  date  as  the  other  two.  Subsequently,  a  constriction  takes 
place  in  the  original  vesicle,  which,  gradually  increasing,  divides  it  into  two,  and 
from  these  are  formed  the  utricle  and  saccule.  Finally,  the  auditory  nerve,  which 
has  been  developed  from  the  "  neural  crest  "in  the  manner  above  described  (page 
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122),  pierces  the  auditory  capsule  in  two  main  divisions — one  for  the  vestibule,  the 
other  for  the  cochlea.  The  middle  ear  and  Eustachian  tube  are  the  remains  of 
the  first  pharyngeal  or  branchial  cleft  (hyo-mandibular),  and  are,  from  an  early 
period,  closed  by  the  formation  of  the  membrana  tympani,  which  consists  of  a 
layer  of  epiblast  externally,  a  layer  of  hypoblast  internally,  and  between  the  two 
of  mesoblastic  tissue  constituting  its  fibrous  and  vascular  layer.  With  regard  to 
the  exact  mode  of  development  of  the  ossicles  of  the  middle  ear  there  is  consider- 
able difference  of  opinion.  By  some  the  malleus  is  believed  to  be  developed  from 
the  proximal  end  of  the  mandibular  (Meckel's)  cartilage,  and  the  incus  from  the 
proximal  end  of  the  hyoidean  cartilage.  Others,  again,  believe  that  they  are 
both  developed  from  the  mandibular  cartilage.  A  third  group  of  observers  believe 
that  they  are  developed  from  a  hyo-mandibular  cartilage,  similar  to  that  which  in 
some  of  the  lower  animals  forms  a  suspensory  apparatus  for  both  mandibular  and 
hyoidean  arches.  The  stapes  is  believed  by  some  to  be  formed  by  a  deposit  of 
cartilaginous  cells  around  the  fenestra  ovalis;  by  others  it  is  supposed  to  be 
developed  from  the  proximal  end  of  the  hyoidean  arch. 

The  external  auditory  meatus  is  developed,  like  the  pinna,  from  the  soft  parts 
on  the  posterior  margin  of  the  first  visceral  cleft  by  an  outgrowth  of  the  tissues 
in  this  situation. 

Development  of  the  Nose. — The  olfactory  fossae,  like  the  primary  auditory 
vesicles,  are  formed  in  the  first  instance  by  a  thickening  and  involution  of  the 
epiblast,  which  takes  place  at  a  point  below  and  in  front  of  the  ocular  vesicle 
(Fig.  92,  2,  3).  The  thickening  appears  at  a  very  early  period,  about  the  fourth 
week.  The  borders  of  the  involuted  portion  very  soon  become  prominent,  in  con- 
sequence of  the  development  of  the  mid-frontal  and  lateral  naso-frontal  plates 
above  spoken  of  (page  119),  which  are  formed  on  either  side  of  the  rudimentary 
fossae.  As  these  processes  increase  the  fossae  deepen  and  become  converted  into 
a  deep  channel,  which  eventually  forms  the  upper  part  of  the  nasal  fossae — that 
is,  the  two  superior  meatuses,  the  part  to  which  the  olfactory  nerves  are  dis- 
tributed. At  this  time  they  are  continuous  with  the  buccal  cavity,  a  portion  of 
which  forms  the  lower  part,  or  inferior  meatus  of  the  nasal  fossae.  For  as  the 
palatine  septum  is  formed  the  buccal  cavity  is  divided  into  two  parts,  the  upper 
of  which  forms  the  lower  part  of  the  nasal  fossae,  while  the  remainder  forms  the 
permanent  mouth. 

The  soft  parts  of  the  nose  are  formed  from  the  coverings  of  the  frontal  pro- 
jections and  of  the  olfactory  fossae.  The  nose  is  perceptible  about  the  end  of  the 
second  month.  The  nostrils  are  at  first  closed  by  epithelium,  but  this  disappears 
about  the  fifth  month. 

The  olfactory  nerve,  as  above  pointed  out,  is  formed  from  the  anterior  cerebral 
vesicle  as  a  secondary  vesicle  on  its  under  surface,  and  it  .lies  upon  the  involuted 
epiblast,  w^hich  subsequently  forms  the  nasal  fossae. 

Development  of  the  Skin,  Glands,  and  Soft  Parts. — The  epidermis  is  produced 
from  the  external,  the  true  skin  from  the  middle,  blastodermic  layer  (Fig.  79,  19, 
20).  About  the  fifth  week  the  epidermis  presents  two  layers,  the  deeper  one  cor- 
responding to  the  rete  mucosum.  The  subcutaneous  fat  forms  about  the  fourth 
month,  and  the  papillae  of  the  true  skin  about  the  sixth.  A  considerable  desqua- 
mation of  epidermis  takes  place  during  foetal  life,  and  this  desquamated  epidermis, 
mixed  with  a  sebaceous  secretion,  constitutes  the  vemix  caseosa,  with  which  the 
skin  is  smeared  during  the  last  three  months  of  foetal  life.  The  nails  are  formed 
at  the  third  month,  and  begin  to  project  from  the  epidermis  about  the  sixth.  The 
hairs  appear  between  the  third  and  fourth  months  in  the  form  of  depressions  of 
the  deeper  layer  of  the  epithelium,  which  then  become  inverted  by  a  projection 
from  the  papillary  layer  of  the  skin.  The  papillae  grow  into  the  interior  of  the 
epithelial  layer;  and  finally,  about  the  fifth  month,  the  foetal  hairs  {lanugo)  appear 
first  on  the  head  and  then  on  the  other  parts.  These  hairs  drop  off  after  birth, 
and  give  place  to  the  permanent  hairs.  The  cellular  structure  of  the  sudorifer- 
ous and  sebaceous  glands  is  formed  from  the  epithelial  layer,  while  the  connective 
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tissue  and  blood-vessels  are  derived  from  the  mesoblast  about  the  fifth  or  sixth 
month.  The  mammary  gland  is  also  formed :  partly  from  mesoblast — its  blood- 
vessels and  connective  tissue;  and  partly  from  epiblast — its  cellular  elements. 
Its  first  rudiment  is  seen  about  the  third  month,  in  the  form  of  a  small  projection 
inward  of  epithelial  elements,  which  invade  the  mesoblast;  from  this  similar 
tracts  of  cellular  elements  radiate ;  these  subsequently  give  rise  to  the  glandular 
follicles  and  ducts.  The  development  of  the  former,  however,  remains  imperfect, 
except  in  the  adult  female,  and  especially  after  pregnancy. 

Development  of  the  Limbs. — The  upper  and  lower  limbs  begin  to  project,  as 
buds,  from  the  anterior  and  posterior  part  of  the  embryo  about  the  fourth  week. 
These  buds  are  formed  by  a  projection  of  the  somatopleure  (z.  e,  the  outer  layer 
of  the  mesoblast  and  the  epiblast),  from  the  point  where  the  mesoblast  splits  into 
its  parietal  and  visceral  layers,  just  external  to  the  vertebral  somites,  of  which 
they  may  be  regarded  as  lateral  extensions.  The  division  of  the  terminal  portion 
of  the  bud  into  fingers  and  toes  is  early  indicated,  and  soon  a  notch  or  constric- 
tion marks  the  future  separation  of  the  hand  or  foot  from  the  forearm  or  leg. 
Next,  a  similar  groove  appears  at  the  site  of  the  elbow  or  knee.  The  indifferent 
tissue  or  blastema,  of  which  the  whole  projection  is  at  first  composed,  is  differen- 
tiated into  muscle  and  cartilage  before  the  appearance  of  any  internal  cleft  for 
the  joints  between  the  chief  bones. 

The  muscles  become  visible  about  the  seventh  or  eighth  week.  The  source  of 
their  development  is  not  completely  determined  for  the  muscles  of  the  limbs.  The 
vertebral  muscles  appear  to  be  developed  from  the  "  muscle-plates  "  of  the  primi- 
tive vertebral  disks  (page  105,  see  Fig.  79,  c,  13),  and  the  muscles  of  the  neck  and 
jaws,  as  well  as  those  which  enclose  the  cavities  of  the  thorax  and  abdomen,  are 
also  formed  from  the  same  source.  They  do  not  meet  in  the  middle  line  of  the 
body  till  about  the  fourth  month.  The  cutaneous  muscles  are  developed  from 
the  cutaneous  portion  of  the  middle  blastodermic  layer. 

DeTelopment  of  the  Blood- vascular  System. — There  are  three  distinct  stages 
in  the  development  of  the  circulatory  system  before  it  arrives  at  its  complete  or 
adult  condition,  in  accordance  with  the  manner  in  which  nourishment  is  provided 
for  at  different  periods  of  the  existence  of  the  individual.  In  the  first  stage  there 
is  the  vitelline  circulation,,  during  which  nutriment  is  extracted  from  the  yolk  or 
contents  of  the  vitelline  membrane.  In  the  second  stage  there  is  the  placental 
circulation,,  which  commences  after  the  formation  of  the  placenta,  and  during 
which  nutrition  is  obtained  by  means  of  this  organ  from  the  blood  of  the  mother. 
In  the  third  stage  there  is  the  complete  circulation  of  the  adult,,  commencing  at 
birth,  and  during  which  nutrition  is  provided  for  by  the  organs  of  the  individual 
itself. 

1.  The  vitelline  circulation  is  carried  on  partly  within  the  body  of  the  embryo 
and  partly  external  to  it  in  the  vascular  area  of  the  yolk.  It  consists  of  a  median 
tubular  heart,  from  which  two  vessels  (arteries)  project  anteriorly.  These  carry 
the  blood  to  a  plexus  of  capillaries  spread  over  the  area  vasculosa,  and  also,  though 
to  a  less  extent,  in  the  body  of  the  embryo.  From  this  plexus  the  blood  is  returned 
by  two  vessels  (veins)  which  enter  the  heart  posteriorly,  and  thus  a  complete  cir- 
culation is  formed. 

In  these  vessels  and  the  heart  a  fluid  (blood)  is  contained,  in  which  rudimentary 
corpuscles  are  found.  The  mode  of  formation  of  these  elementary  parts  will  have 
first  to  be  considered. 

In  mammalia  the  heart  is  formed  by  a  hollowing  out  or  vacuolation  of  a  longi- 
tudinal group  of  mesoblastic  cells  on  either  side  of  the  median  line  in  front  of  the 
anterior  extremity  of  the  rudimentary  pharynx,  at  about  the  level  of  the  posterior 
primary  cerebral  vesicle.  This  vacuolation  takes  place  in  the  visceral  layer  of  the 
mesoblast,  and  round  the  cavity  thus  formed  the  layer  becomes  folded  or  redupli- 
cated, and  presents  two  distinct  strata  of  cells ;  the  inner  and  thinner  layer  forms 
the  endocardium,  the  outer  and  thicker  the  muscular  Avail  of  the  heart.  In  its 
very  earliest  and  primitive  condition  the  heart  consists  therefore  of  a  pair  of 
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tubes,  one  on  either  side  of  the  body.  These,  however,  soon  coalesce  in  the 
median  line,  and,  fusing  together,  form  a  single  central  tube/  Each  of  the  two 
primary  tubes  receives  posteriorly  a  large  vessel  (a  vein),  and  is  prolonged  ante- 
riorly into  .a  second  vessel  (an  artery).  So  that  after  fusion  of  the  heart-tubes  has 
taken  place,  there  is,  in  the  primitive  vitelline  circulation,  as  above  mentioned,  a 
single  tubular  heart,  with  two  arteries  proceeding  from  it  and  two  veins  emptying 
themselves  into  it.  The  earliest  vessels  are  also  formed  in  the  visceral  layer  of 
the  mesoblast.  They  are  developed  from  that  part  of  the  mesoblast  which  sur- 
rounds the  portion  of  blastoderm  which  is  occupied  by  the  developing  body  of  the 
embrvo,  and  which  is  known  as  the  "vascular  area.*'  So  that  the  first  blood- 
vessels  are  developed  outside  the  body  of  the  embryo.  The  indifferent  cells  of 
which  this  layer  is  composed  become  "vacuolated;"  that  is,  they  become  enlarged, 
and  spaces  are  formed  within  them.  The  nuclei  of  these  enlarged  cells  multiply ; 
some  few  of  the  proliferated  nuclei  remain  imbedded  in  the  walls  of  the  cell,  but 
the  greater  number  of  them  are  free  and  are  converted  into  blood-corpuscles. 
The  vacuolated  cells  fuse  together,  forming  cavities,  and  also  give  off  processes 
which  unite  with  processes  of  other  cells  :  these  in  their  turn  become  also  vacuolated, 
and,  communicating  with  the  cavities  in  the  original  cells,  a  network  of  tubes  is 
produced  (Fig.  96).  The  tubes  or  primary  vessels  consist  in  the  first  instance  of 
the  original  protoplasm  of  the  cell,  with  here  and  there  nuclei  derived  from  the 
original  divided  nucleus  imbedded  in  it. 
Then  difierentiation  of  the  protoplasm 
into  flattened  cells  around  these  nuclei 
takes  place,  and  constitutes  the  wall  of  the 
capillary  or  the  lining  membrane  of  the 
larger  vessel.  In  these  latter  other  cells, 
derived  from  the  mesoblast,  apply  them- 
selves externally  and  form  the  other  coats 
of  the  vessel  at  a  later  period. 

The  blood-disks  are  formed  from  the 
original  divided  nucleus  of  the  vacuolated 
mesoblastic  cells.  They  are  free,  and 
accumulate,  each  one  around  itself,  a  small 
quantity  of  the  protoplasm  of  the  cell, 
which  rapidly  acquires  a  tinge  of  color. 
The  earliest  blood-corpuscles  are  therefore 
at  first  nucleated,  and  in  this  and  other  re- 
spects resemble  the  white  corpuscles.  As 
soon,  however,  as  the  liver  is  formed,  true 
white  corpuscles  make  their  appearance, 
and  it  seems  that  the  chief  source  from 
which  they  are  derived  is  the  embryonic 

liver,  though  later  on  the  spleen  and  lymphatic  glands  take  up  this  function  and 
continue  it  after  birth.  The  nucleated  condition  of  the  red  globules  ceases  before 
birth.  The  precise  mode  in  which  the  nucleated  white  corpuscle  is  converted 
into  the  non-nucleated  red  blood-globule,  whether  by  a  change  in  the  whole  cell 
or  by  the  disappearance  of  the  cell  and  persistence  of  its  nucleus,  is  not  yet 
ascertained.  The  vitelline  circulation  commences  about  the  fifteenth  day  and 
lasts  till  the  fifth  week.  When  fully  established  it  is  carried  on  as  follows: 
Proceeding  from  the  tubular  heart  are  two  arteries,  the  first  aortic  arteries  (Fig. 
97).  which  unite  at  some  distance  from  the  heart  into  a  single  artery.  This  runs 
down  in  front  of  the  primitive  vertebroe  and  in  the  walls  of  the  intestinal  cavity, 
and  again  divides  into  tvfo  primitive  aortce  or  vertebral  arteries,  and  these  give  off 
five  or  six  omphalo-mesenteric  arteries,  which  ramify  in  that  part  of  the  blastoderm 
which  surrounds  the  developing  body  of  the  embryo,  and  which  is  known  as  the 
vascular  area.     They  terminate  peripherally  in  a  circular  vessel — the  terminal 

'  In  m06t  fishes  and  in  amphibia  the  heart  originates  as  a  single  median  tube. 


Fig.  96.— Various  forms  of  mother-cells  under- 
going development  into  blood-vessels,  from  the 
middle  layer  of  the  chick's  blastoderm.  (Klein.) 
a.  Large  mother-cell  vacuolated,  forming  the  rudi- 
mentary vessel,  b.  The  wall  of  this  cell  formed 
of  protoplasm,  with  nuclei  imbedded,  and  in  some 
cases  more  or  less  detached  and  projecting,  c. 
Processes  connected  with  neighboring  cells,  formed 
of  the  common  cellular  substance  of  the  germinal 
area.    d.  Blood-corpuscles.   /.  Small  mother-cells 


— vacuolation   commencing.'     B.   Mother-cell    in 
which  only  obscure  granular  matter  is  found. 
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A.  OpcntHl  from  Ihe  abdamltml  aipecl. 

uniUiig  behind  to  r»rDi  the  'k'sreiidiiiR 
aorlu.  :).  Auricle.  -1.  Aurli-iilo-veii- 
irlcuUr  c.rlflce.  d-CorauiKneluggepiuiii 
venlrlculonira.  6.  Vtnlrlole.  7.  In- 
rcrior  reiia  cars.  B.  Puslerlor  vipw  of 
Ihcsame.  1.  Trachea.  2.  Lungs,  i. 
Ventricles.  4,5.  Auriclos.  6.  niaphrainii. 
7.  DeipeiidlnR  aorta,    8.  9. 10.  Pueumo- 


aiiius.  This  vessel  surrounds  the  vascular  portion  of  the  germinal  area,  but  does 
not  extend  up  to  the  anterior  end  of  the  embryo.  It  tenninates  on  either  side  in 
a  vein  called  the  omphalo-megenteric.  The  two 
omphalo-mesenteric  veins  open  into  the  opposite 
extremity  of  the  heart  to  that  from  which  the 
arteries  proceeded. 

2.  The  Placental  Circulation. — As  the  umbilical 
vesicle  diminishes,  the  allantois,  which  ia  formed 
by  a  protrusion  from  the  lower  part  of  the  intestine, 
enlarges  and  becomes  converted  into  a  vascular 
chorion,  a  part  of  which  forms  the  placenta. 
When  the  umbilical  vesicle  disappears  this  be- 
comes the  only  source  of  nutrition  for  the  embryo. 
The  allantois  carries  with  it  two  arteries,  derived 
from  branches  of  the  primitive  aorta,  and  two 
veins;  these  vessels  become  much  enlarged  as  the 
placental  circulation  is  established,  but  subse- 
quently one  of  the  veins  disappears,  and  in  the 
later  stages  of  uterine  life  the  circulation  is  car- 
ried on  between  the  foetus  and  the  placenta  by  two  arteries  and  one  vein 
{umbilical). 

During  the  occurrence  of  these  changes  great  alterations  take  place  in  the  prim- 
itive heart  and  blood-vessels,  above  alluded  to,  which  will  now  require  description. 
Further  Development  of  the  Heart. — The  simple  median  tube,  formed  by  the 
coalescence  of  the  pair  of  tubes  of  which  the  primitive  heart  consists,  becomes 
elongated  and  bent  on  itself,  so  as  to  form  a  S-shaped  tube,  the  anterior  part  of 
the  tube  bending  over  to  the  right,  and  the  posterior  to  the  left.  At  the  same  time 
the  middle  portion  is  protruded  forward  and  arches  transversally  from  right  to  left 
and  at  the  same  time  becomes  twisted  on  itself,  so  that  the  extremity  from  which 
the  arteries  are  prolonged  is  situated  in  front  and  to  the  right,  and  that  into  which 
the  veins  enter  is  behind  and  to  the  left.  The  bent  tube  then  becomes  divided  by 
two  transverse  constrictions  into  three  parts.  One,  the  posterior,  becomes  the 
auricles,  the  middle  one  forms  the  two  ventricular  cavities,  while  the  anterior 
forms  the  aortic  bulb,  from  which  the  commencement  of  the  aorta  and  pulmonary 
artery  is  developed,  A  division  of  each  of  these  cavities  now  lakes  place,  so  as 
to  convert  them  into  right  and  left  ventricle,  right  and  left  auricle,  and  aorta 
and  pulmonary  artery  respectively.  This  division  first  takes  place  in  the  middle 
portion  of  the  tubular  heart,  the  rudimentary  ventricular  cavities  (Fig.  97,  A,  5). 
A  partition  rises  up  from  the  lower  part  of  the  right  wall  of  this  cavity,  and 
gradually  grows  up  until  it  reaches  the  constrictions  which  separate  it  from  the 
other  two,  and  thus  the  interventricular  septum  is  completed.  At  the  same  time 
a  cleft  appears  on  the  outside,  a  little  to  the  right  of  the  most  prominent  point, 
which  ultimately  becomes  the  apex  of  the  heart.  The  cleft  becomes  less  marked 
as  development  progresses,  but  remains  to  some  extent  persistent  throughout  life 
as  the  interventricular  groove. 

The  first  appearance  of  a  division  in  the  posterior  or  auricular  portion  of  the 
tubular  heart  makes  its  appearance,  at  a  very  early  period  of  development,  in 
the  shape  of  two  projecting  pouches,  one  on  either  aide ;  these  are  the  rudiments 
of  the  auricular  appendages,  but  the  actual  division  of  the  cavity  by  a  septum 
does  not  occur  until  some  time  after  the  appearance  of  the  ventricular  septum. 
This  is  formed  by  the  growth  of  a  partition  from  the  anterior  wall  of  the  auricular 
cavity,  which  grows  backward,  and  partially  separates  the  cavity  into  two.  The 
partition,  however,  is  not  completed  until  after  birth,  a  part  remaining  unde- 
veloped, and  thus  permitting  of  a  communication  (foramen  ovale)  between  the  two 
auricles  during  the  whole  of  foetal  life.  In  a  like  manner  the  aortic  bulb  is 
divided  into  two  by  the  growth  of  a  septum  downward,  from  the  distal  end  of  the 
bulb,  which  divides  the  cavity  into  the  pennanent  aorta  and  the  pulmonary  artery. 
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Very  soon  a  superficial  furrow  appears  on  the  external  surface  of  this  portion  of 
the  heart  corresponding  to  the  septum  internally,  and,  becoming  deeper,  the  two 
vessels  are  gradually  separated  from  each  other  through  the  septum,  in  the  imme- 
diate neighborhood  of  the  ventricular  portion  of  the  heart,  whilst  beyond  this  they 
still  remain  joined  together,  and  give  origin  to  the  fourth  and  fifth  aortic  arches, 
presently  to  be  described. 

Further  Development  of  the  Arteries, — In  the  vitelline  circulation  two  arteries 
were  described  as  coming  off  from  the  primitive  heart,  and  running  down  in  front 
of  the  developing  vertebrae.  The  first  change  consists  in  the  fusion  of  these 
arteries  into  one  at  some  distance  from  the  heart,  thus  forming  the  descending 
thoracic  and  abdominal  aorta.  In  consequence  of  the  heart  falling  backward  to 
the  lower  part  of  the  neck  and  then  into  the  thorax  as  the  head  is  developed,  the 
two  original  arteries,  proceeding  from  the  heart  to  the  point  of  fusion  in  the  com- 
mon descending  aorta  become  elongated,  and  assume  an  arched  form,  curving 
backward  on  each  side,  from  the  front  of  the  body  toward  the  vertebral  column 
(Fig.  98,  a).  These  are  the  first  or  primitive  aortic  arches.  As  the  heart  recedes 
into  the  thorax,  and  these  arches,  which  correspond  in  position  to  the  first  pharyn- 
geal or  mandibular  arch,  become  elongated,  four  pairs  of  arches  are  formed  behind 


Fig.  96.— Diagram  of  the  fonnation  of  the  aortic  arches  and  the  large  arteries,  i.  ii.  iii.  it.  v.  First, second,  third, 
fMirth.  and  fifth  aortic  arches,  a.  Common  trunk  from  which  the  first  pair  spring;  the  place  where  thesucceed- 
'VD^  pairs  are  formed  is  indicated  by  dotted  lines,  b.  Common  trunk,  with  four  arches  and  a  trace  of  the  fifth, 
c.  Common  trunk,  with  the  three  last  pairs,  the  first  two  having  been  obliterated,  d.  The  persistent  arteries, 
those  which  have  disappeared  being  indicated  by  doited  lines.  1.  Common  arterial  trunk.  2.  Thoracic  aorta. 
S.  Right  branch  of  the  common  trunk  which  is  only  temporary.  4.  I^ft  branch,  permanent.  5.  Axillary 
•rtery.  6.  Vertebral.  7, 8.  Subclavian.  9.  Common  carotid.  10.  External ;  and  11,  Internal  carotid.  12.  Aorta. 
13.  Polmonary  artery.    14, 15.  Right  and  left  pulmonary  arteries. 

them  around  the  pharynx  (Fig.  98).  The  arches,  five  in  number,  remain  per- 
manent in  fishes,  giving  off  from  their  convex  borders  the  branchial  arteries  to 
supply  the  gills.  In  many  animals  the  five  pairs  do  not  exist  together,  for  the 
firet  two  have  disappeared  before  the  others  are  formed ;  but  this  is  not  so  in  man, 
where  all  five  arches  are  present  and  pervious  during  a  certain  period  of  embryonic 
existence.  Only  some  of  the  arches  in  mammalia  remain  as  permanent  structures ; 
other  arches,  or  portions  of  them,  become  obliterated  or  disappear.  The  first  two 
arches  entirely  disappear.  The  third  remains  as  a  part  of  the  internal  carotid 
artery,  the  remainder  being  formed  by  the  upper  part  of  the  posterior  aortic  root — 
i  e,  the  descending  part  of  the  original  vessel  which  proceeded- from  the  rudiment- 
ary tubular  heart.  The  common  and  external  carotid  are  formed  from  the  ante- 
rior  aortic  root;  iTiat  is,  the  ascending  portion  of  the  same  primitive  vessel.  The 
fourth  arch  on  the  left  side  becomes  developed  into  the  permanent  arch  of  the 
aorta  in  mammals ;  but  in  birds  it  is  the  fourth  arch  on  the  right  side  which  forms 
the  aortic  arch ;  while  in  reptiles  the  fourth  arch  on  both  sides  persists,  as  there 
is  a  permanent  double  aortic  arch.  The  fourth  arch  on  the  right  side  forms  the 
^abclavian  artery,  and  by  the  junction  of  its  commencement  with  the  anterior 
af»rtic  root,  from  which  the  common  carotid  is  developed,  it  forms  the  innominate 
irtery.*  The  fifth  arch  on  the  left  side  forms  the  pulmonary  artery  and  the  duc- 
tus arteriosus ;  that  on  the  right  side  becomes  atrophied  and  disappears.  The  first 
part  of  the  fifth  left  arch  remains  connected  with  that  part  of  the  bulbous  aorta 

'  This  i8  interestiDg  in  connection  with  the  position  of  the  recurrent  laryngeal  nerve,  which  is 
thug  seen  to  hook  round  the  same  primitive  fnetal  structure,  which  becomes  on  the  right  side  the  sub- 
clarian  artery,  on  the  left  the  arch  of  the  aorta. 
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which  is  separated  aa  the  pulmonary  stem,  and  with  it  forms  the  common  pul- 
monary artery.  From  about  the  middle  of  this  arch  two  branches  are  given  off. 
which  form  the  right  and  left  pulmonary  arteries  respectively,  and  the  remaining 
portion — i.  e.  the  part  beyond  the  origin  of  the  branches,  communicating  with  the 
left  fourth  arch,  tha        '"     -  of  the  aorta — constitutes 
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the  ductus  arteriosus.  This  duct  remains  pervious  during  the  whole  of  fcetal  life, 
and  after  birth  becomes  obliterated. 

The  development  of  the  arteries  in  the  lower  part  of  the  body  is  going  on  dur- 
ing the  Slime  time.  We  have  seen  that  originally  there  were  two  primitive  arteries 
coming  off  from  the  primary  tubular  heart,  and  that  these  two  vessels,  at  some 
distance  from  the  heart,  became  fused  together  to  form  a  single  median  artery, 
which  coursed  down  in  front  of  the  vertebrse  to  the  bottom  of  the  spinal  column, 
forming  the  permanent  descending  aorta.  From  the  extremity  of  this  the  two 
vitelline  arteries,  which  were  originally  parts  of  the  primitive  main  trunks,  pa&s 
to  the  area  vasculosa.  As  the  umbilical  vesicle  dwindles  and  the  allantois  grows, 
two  large  branches  are  formed  as  lateral  offshoots  of  the  median  aorta.  These  are 
the  two  umbUital  or  hypogattric  arteries,  and  are  concerned  in  the  placental  cireu- 
lali(m.  The  portion  of  the  median  aorta  beyond  this  point  becomes  much  dimia- 
ished  in  size,  and  eventually  forms  the  sacra  media  artery,  and  thus  the  two 
umbilical  branches  become  in  appearance  bifurcating  branches  of  the  main  aorta. 
The  common  and  internal  iliac  arteries  are  developed  from  the  proximal  end  of 
these  umbilical  arteries;  the  middle  portion  of  the  vessel,  after  birth,  becomes 
partially  atrophied,  but  in  part  remains  pervious  as  the  superior  vesical  artery ;  the 
distal  portion  becomes  obliterated,  constituting  part  of  the  superior  ligament  i>f 
the  bladder.  The  external  iliac  and  femoral  arteries  are  developed  from  a  small 
branch  given  off  from  the  umbilical  arteries  near  their  origin,  and  are  at  first  of 
comparatively  small  size. 

Development  of  the  Veins. — The  formation  of  the  great  veins  of  the  embryo 
may  be  best  considered  under  two  groups,  visceral  and  parietal. 
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The  visceral  are  derived  from  the  vitelline  and  nmbilical  veins.  In  the  earliest 
period  of  the  circulation  of  the  embryo,  we  have  seen  that  there  were  two  veins 
(vitelline  or  omphalo-mesenteric)  returning  the  blood  from  the  vitelline  membrane. 
These  unite  together  to  form  a  single  channel,  the  gina»  vettosus,  which  opens  into 
the  auricular  extremity  of  the  heart.  As  soon  aa  the  placenta  begins  to  be  formed 
two  umbilical  veins  appear  aod  open  into  the  sinus  venosus.  close  to  the  vitelline 
veins.  The  two  vitelline  veins  enter  the  abdomen  and  run  upward  on  either  side 
of  the  intestinal  canal ;  at  the  upper  part  of  the  abdomen,  in  the  site  of  the  future 
liver,  which  now  begins  to  form  around  them,  transverse  communications  are 
formed,  which  encircle  the  duodenum  and  enclose  it  in  two  vascular  rings.  The 
portion  of  veins  above  these  vascular  rings  loses  its  connection  with  the  sinus, 
while  the  portion  between  them  breaks  up  into  a  capillary  plexus,  which  ramifies 
in  the  now  partially  developed  liver  together  with  capillary  vessels  from  the  upper 
venous  ring.  Of  these  latter,  some  pass  tflward  the  heart  and  join  the  sinus. 
They  have  received  the  name  of  the  ventE  hepaiicce  revehenteg,  and  eventually 
become  the  hepatic  veins;  others  ramify  in  the  liver,  under  the  name  of  wm* 
hepatkm  advehentes,  and  become  the  branches  of  the  portal  vein.  The  lower 
vascular  ring  receives  veins  from  the  stomach  and  intestines,  and  becomes  the 
commencement  of  the  portal  vein. 

The  umbilical  veins  at  first  open  into  the  sinus  venosus  near  to  the  vitelline 
veins.     Subsequently  this  communication  becomes  interrupted  by  the  develop- 
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meni  of  a  vascular  network;  the  vein  on  the  right  side  atrophies  and  disappears, 
«hile  that  od  the  left  side  greatly  enlarges,  as  the  placental  circulation  becomes 
«stablished.  and  communicates  with  the  upper  venous  circle  of  the  vitelline  cir- 
culation. Finally  a  branch  is  formed  between  the  upper  venous  circle  and  the 
right  hepatic  veins,  which  becomes  the  ductus  venosus,  and  by  it  mo.it  of  the  blood 
from  the  umbilical  vein  is  carried  direct  to  the  heart. 

The  Parietal  Veins. — The  first  appearance  of  a  parietal  system  consists  in  the 
»ppear»nee  of  two  short  transverse  veins  (the  ducts  of  Ouvier),  which  open  on 
either  side  of  the  auricular  portion  of  the  heart.  Each  of  these  ducts  is  formed 
bj  aa  ascending  and  descending  vein.  The  ascending  veins  return  the  blood  from 
tte  parietes  of  the  trunk  and  the  Wolffian  bodies,  and  are  called  cardinal  veins. 
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The  two  descending  ones  return  the  blood  (Fig.  100)  from  the  head,  and  are  called 
primitive  jugular  veins.  As  the  kidneys  are  developed,  the  veins  conveying  the 
blood  from  them  unite  together  to  form  a  single  trunk  which  pa^es  up  the  abdomen 
behind  the  intestines,  and,  joining  the  common  trunk  of  the  vitelline  and  umbilical 
veins  above  the  point  of  entrance  of  the  vense  revehentea,  conatitutes  the  inferior 
vena  cava.  Two  small  veins  receiving  branches  from  the  lower  extremity  unite  to 
form  the  lower  part  of  the  inferior  vena  cava,  below  the  pointof  entrance  of  the  veins 
from  the  kidneys.  These  are  the  primitive  iliac  veins,  and  in  their  course  upward 
they  cross  the  cardinal  veins  and  communicate  with  them.  The  part  of  the  iliac 
vein  between  this  point  of  communication  and  their  junction  with  one  another 
constitutes  the  common  iliac  vein ;  while  the  distal  portion  forms  the  external  iliac 
vein.  The  internal  iliac  vein  is  formed  from  that  part  of  the  cardinal  vein  which  lies 
below  the  point  of  communication.  The  greater  part  of  the  remainder  of  the  car- 
dinal vein — that  is  to  say,  of  that  portion  above  the  iliac  veins — becomes  obliter- 
ated; a  small  part,  however,  at  the  upper  extremity  remains  persistent,  and 
becomes  continuous  with  two  new  veins,  which  are  formed  one  on  either  side  of 
the  vertebral  column.  These  veins  receive  the  int«rcostal  and  lumbar  veins,  and 
eventually  form  the  azygos  veins.  They  become  joined  by  an  oblique  communicat- 
ing branch,  which  crosses  the  middle  line,  and  constitutes  the  junction  of  the  vena 
azygos  minor  with  the  vena  azygos  major.  These  veins  are  termed  the  posterior 
vertebral  veins  of  Rathke.  The  upper  part 
of  the  left  one,  with  its  continuation,  the  car- 
dinal vein,  forms  the  superior  intercostal  of 
the  left  side. 

The  veins  first  formed  in  the  upper  part 
of  the  trunk  are,  as  above  stated,  the  prim- 
itive jugular  veins.  In  the  greater  part  of 
their  extent  they  become  the  external  jug- 
ular vein.  Shortly,  two  small  branches 
may  be  noticed  opening  into  them  near 
their  termination;  these  form  the  subcla- 
vian and  internal  jugular  veins.  From  the 
point  of  junction  of  these  veins  on  the  left 
side,  a  communicating  branch  makes  its 
appearance,  running  obliquely  across  the 
neck  downward  and  to  the  right,  to  open  into 
the  primitive  jugular  vein  of  the  right  side 
below  the  point  of  entrance  of  the  subclavian 
vein.  At  the  same  time,  in  consequence  of 
the  alteration  in  the  position  of  the  heart, 
and  its  descent  into  the  thorax,  the  direction 
of  the  ducts  of  Cuvier  becomes  altered,  and 
they  assume  an  almost  vertical  position. 
From  the  portion  of  the  primitive  jugular 
veins,  above  the  branch  of  communication. 
the  internal  jugulars  are  formed,  except  that 
part  of  the  right  one  which  lies  between  the 
point  of  entrance  of  the  subclavian  of  this 
side  and  the  termination  of  the  communicat- 
ing branch,  which  becomes  the  right  innomi- 
nate vein.  The  communicating  branch  be- 
comes the  left  innominate  vein.  The  primi- 
tive jugular  of  the  right  aide,  below  the  com- 
municating vein  and  the  right  duct  of  Cuvier, 
become  the  vena  cava  superior,  into  which  the  right  cardinal  (vena  azygos  major) 
enters.  The  lower  part  of  the  left  primitive  jugular,  and  the  left  duct  of  Cuvier 
becomes  almost  entirely  obliterated,  except  the  lower  end,  which  remains  as  a 
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fibrous  band,  or  sometimes  a  small  vein,  and  runs  obliquely  over  the  posterior  sur- 
fsce  of  the  left  auricle.  The  termination  of  the  left  duct  of  Cuvier  remains  per- 
sisteni.  and  forma  the  coroaary  sinus  (Fig.  101).  The  fcetal  circulation  is 
described  at  a  future  page. 

Derelopment  of  the  Alimentary  Canal. — The  development  of  the  intestinal 
cavity  is,  as  shown  above  (page  10^),  one  of  the  earliest  phenomena  of  embryonic 
life.  The  original  intestine  consists  of  an  inflection  of  the  hypoblast  extending 
from  one  end  of  the  embryo  to  the  other,  and  is  situated  just  below  the  primitive 
verlebral  column.  At  either  extremity  it  forms  a  closed  tube,  in  conae<(uence  of 
ihe  cephalic  and  caudal  flexures  (page  109),  and  this  manifestly  divides  it  into  three 
parH;  a  front  part,  enclosed  in  the  cephalic  fold,  called  \he  fore-gut ;  a  posterior 
part,  enclosed  in  the  caudal  fold,  the  hind-gat ;   and  a  central  part  or  mid-gut, 


Fic.  102.— Dluramniatlr  null i IIP  of  iwl  ud  r 

Iplblut.    m.  SomaliR  niHoblut,    hs-  U  pablui 
■I.  r>T<tT  of  true  amnion,   vi.  Yolk-aac         n  ea 
I.  The  mouth,    mr.  The  mesentery,    ol  Th     a   a 
mnluD.    (From  QuBln'a /IniUuiiiy,  Allen  Th  nu  n 


me;>i>bliul.    itf.  L'cphallo  fuld.    j^.  Caudal 
jip.  Sjiate  between  Inner  and  outer  Toll 


which  at  this  time  freely  communicates  with  the  umbilical  vesicle  (Fig,  102). 
The  ends  of  the  fore-  and  hind-gut  do  not  communicate  with  the  surface  of  the 
b-xiy.  ihe  buccal  and  anal  orifices  being  subseiiuently  formed  by  involutions  of  the 
epiblast,  which  later  on  form  communications  with  the  gut.  From  the  fore-gut 
are  developed  the  pharynx,  cesophagus.  stomach,  and  duodenum;  from  the  hind- 
gut,  a  part  of  the  rectum  :  and  from  the 
middle  division,  the  rest  of  the  intestinal 
tube  (Fig.  103).  The  changes  which  take 
place  in  the  fore-gut  are  as  follows:  The 
middle  portion  becomes  dilated  to  form  the 
Giomach.  and  undergoes  a  vertical  rotation 
to  the  right,  so  that  the  posterior  border, 
by  which  it  is  attached  to  the  vertebral 
c'lumn  by  a  mesentery,  is  now  directed  to 
ibe  left,  and  the  anterior  border  to  the 
ri^ht.  At  this  time  it  is  straight,  but  it 
sooD  un<iergt>es  a  lateral  curve  or  bend  to 
[be  risht  at  its  upper  end.  It  thus  assumes 
»n  obTique  direction,  and  the  left  border 
('iriginally  the  posterior  or  attached  border) 
Wcomes  inferior,  and  forms  the  great  cur- 
vature. The  mesentery  by  which  it  was 
attached  forms  the  great  omentum.  The 
portion  of  the  fore-gut  above  this  dilatation 
remains  straight,  forming  the  pharynx  and 
lEnophagus,  and  in  consequence  of  the  mes- 
oblast  being  here  undivided,  there  is  no 
Knius  investment  to  this  part  of  the  tube. 
Below  this,  division  of  the  mesoblast  has  taken  place,  and  the  splanchnoplei 
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alone  forms  the  walls  of  the  remainder  of  the  intestinal  canal,  the  space  between 
this  layer  and  the  somatopleure  constituting  the  pleuro-peritoneal  cavity. 

The  part  of  the  fore-gut  below  the  dilated  stomach  forms  the  duodenum,  and 
in  connection  with  this  the  liver  and  pancreas  are  developed. 

The  hind-gut  is  also  a  closed  tube,  and  from  it  the  middle  third  of  the  rectum 
is  developed,  as  well  as  the  allantois  (page  113),  which  will  be  again  referred  to  in 
connection  with  the  development  of  the  bladder. 

The  mid-gut  is  at  first  an  open  cavity  freely  communicating  with  the  umbilical 
vesicle.  As  the  body-walls  grow,  this  communication  contracts  very  materially, 
though  it  still  exists  to  a  certain  extent,  and  the  open  cavity  becomes  converted 
into  a  straight  tube,  still  open  where  it  communicates  with  the  umbilical  vesicle. 
This  tube  grows  rapidly  in  length,  and  presents  a  primitive  curve  or  loop  down- 
ward and  forward,  and,  in  consequence  of  its  growth  exceeding  that  of  the  walls 
of  the  body-cavity,  a  portion  of  the  loop  protrudes  into  the  stalk  of  the  umbilical 
vesicle.  At  a  subsequent  period,  however,  the  walls  of  the  abdomen  grow  more 
rapidly  than  the  intestine,  which  again  recedes  into  the  body-cavity.  At  a  short 
distance  below  the  most  prominent  point  of  this  loop  a  diverticulum  arises,  which 
marks  the  separation  between  the  large  and  small  intestine.  The  lower  part  of  this 
diverticulum  forms  the  vermiform  appendix ;  the  proximal  part,  by  its  continued 
growth,  constitutes  the  caecum.  After  this  the  anterior  or  upper  part  of  the  gut, 
corresponding  to  the  small  intestine,  rapidly  increases  in  length,  and  about  the 
eighth  week  becomes  convoluted.  The  lower  or  posterior  part,  corresponding  to  the 
large  intestine,  is  at  first  less  in  calibre  than  the  upper  part,  and  lies  wholly  to  the 
left  side  of  the  convolutions  of  the  small  intestine ;  but  later  on  the  curve  of  the 
large  intestine  begins  to  form,  and  the  first  part  (ascending  colon)  slowly  crosses 
over  to  the  right  side,  first  lying  in  the  middle  line,  just  below  the  liver.  It  is  not 
until  the  sixth  month  that  the  caecum  descends  into  the  right  iliac  fossa,  and  so 
drags  the  ascending  colon  into  its  normal  position  in  the  right  flank. 

The  peritoneal  cavity  is  the  space  left  between  the  visceral  and  parietal  layers 
of  the  mesoblast,  and  the  serous  membrane  is  developed  from  these  structures.  The 
mesenteries  are  formed  from  mesoblastic  tissue  extending  between  the  notochord  and 
the  gut  which  develops  the  vascular  and  connective- tissue  elements  of  these  parts. 

The  buccal  cavity  is  formed  by  an  involution  of  the  external  layers  of  the 
blastodermic  membrane,  which  passes  inward  and  meets  the  pharynx,  or  upper 
part  of  the  fore-gut.  The  two  cavities  are,  however,  at  first  completely  separated 
from  each  other  by  all  the  layers  of  the  blastoderm ;  but  at  an  early  period  of 
development  a  vertical  slit  appears  between  them ;  this  gradually  widens  and 
becomes  the  opening  by  which  the  common  cavity  of  the  nose  and  mouth  commu- 
nicates with  the  pharynx.  The  common  cavity  is  afterward  divided  into  nose  and 
mouth  by  the  development  of  the  palate,  in  the  manner  spoken  of  above. 

The  tongue  appears  about  the  fifth  week  as  a  small  elevation  behind  the 
inferior  maxillary  arch,  to  which  another  projection  from  the  second  pharyngeal 
arch  is  united.  The  epithelial  layer  is  furnished  by  the  epiblast.  The  tonsils 
appear  about  the  fourth  month. 

The  anus  is  also  formed  by  an  inflection  of  the  epiblast,  which  extends  inward 
to  a  slight  extent,  and  approaches  the  termination  of  the  hind-gut,  and  finally  com- 
municates with  it  by  a  solution  of  continuity  in  the  septum  between  the  two.  The 
persistence  of  the  foetal  septum  at  either  the  buccal  or  anal  orifices  constitutes  a 
well-known  deformity — imperforate  oesophagus  or  imperforate  rectum,  as  the  case 
mav  be. 

The  liver  appears  after  the  Wolffian  bodies,  about  the  third  week,  in  the  form 
of  a  bifid  mass  of  cells,  connected  with  the  epithelial  and  mesoblastic  layers  of  the 
splanchnopleure.  It  projects  from  the  intestine  at  that  part  which  afterward 
forms  the  duodenum.  This  mass  of  cells  becomes  hollowed  out  into  a  cavity, 
lined  by  hypoblast,  the  rudiment  of  the  main  duct  of  the  liver,  the  cells  on  either 
side  being  developed  into  the  right  and  left  lobes.  These  grow  very  rapidly  around 
the  vitelline  and,  later,  the  umbilical  veins,  which  break  up  into  a  capillary  plexus 
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and  ramify  in  its  substance.  About  the  third  month  the  liver  almost  fills  the 
abdominal  cavity.  From  this  period  the  relative  development  of  the  liver  is  less 
active,  more  especially  that  of  the  left  lobe,  which  now  becomes  smaller  than  the 
right;  but  the  liver  remains  up  to  the  end  of  foetal  life  relatively  larger  than 
in  the  adult. 

The  gall-bladder  appears  about  the  second  month,  as  an  extension  of  the  cavity 
from  which  the  main  duct  of  the  liver  is  developed ;  and  bile  is  detected  in  the 
intestines  by  the  third  month. 

The  pancreas  is  also  an  early  formation,  being  far  advanced  in  the  second 
month.  It,  as  well  as  the  salivary  glands,  which  appear  about  the  same  period, 
originates  in  a  projection  from  the  epithelial  layer,  which  afterward  forms  a 
cavity,  and  the  lobules  of  the  gland  are  developed  from  the  ramifications  of  this 
cavity.  It  is  generally  admitted  that  the  epithelial  lining  of  the  ducts  is  furnished 
by  the  hypoblast,  in  the  development  of  both  the  pancreas  and  the  liver,  and  that 
the  vessels  owe  their  origin  to  the  mesoblast.  But  authorities  difier  as  to  the  mode 
of  formation  of  the  parenchyma,  as  to  whether  this  is  entirely  of  mesoblastic 
origin,  or  whether  the  hypoblast  shares  in  its  development. 

The  spleen,  on  the  other  hand,  is  apparently  entirely  of  mesoblastic  origin,  for 
there  is  never  any  connection  between  the  intestinal  cavity  and  the  substance  of 
this  organ.  It  originates  from  the  mesenteric  fold  which  connects  the  stomach 
to  the  vertebral  column  (mesogastrium). 

Deyelopment  of  the  Bespiratory  Organs. — The  lungs  appear  somewhat  later 
than  the  liver.  They  are  developed  from  a  small  median  cul-de-sac  or  diverticu- 
lum from  the  upper  part  of  the  fore-gut,  immediately  behind  the  fourth  visceral 
cleft,  as  a  projection  from  the  epithelial  and  fibrous  laminae  of  the  intestines. 
During  the  fourth  week  a  pouch  is  formed  on  either  side  of  the  central  diver- 
ticulum, and  opens  freely  through  it  into  the  fore-gut  (pharynx).  From  these, 
other  (secondary)  pouches  are  given  off,  so  that  by  the  eighth  week  the  form  of  the 
lobes  of  the  lungs  may  be  made  out.  The  two  primary  pouches  have  thus  a 
common  pedicle  of  communication  with  the  pharynx.  This  is  developed  into  the 
trachea  (Fig.  97,  b),  the  cartilaginous  rings  of  which  are  perceptible  about  the 
seventh  week.  The  parts  which  afterward  form  the  larynx  are  recognized  as 
early  as  the  sixth  week — viz.  a  projection  on  either  side  of  the  pharyngeal  open- 
ing, which  is  the  rudiment  of  the  arytenoid  cartilage  and  a  transverse  elevation 
from  the  third  pharyngeal  arch,  which  afterward  becomes  the  epiglottis;  the 
vocal  cords  and  ventricles  of  the  larynx  are  seen  about  the  fourth  month.  Traces 
of  the  diaphragm  appear  in  the  form  of  a  fine  membrane,  separating  the  lungs 
from  the  Wolffian  bodies,  the  stomach,  and  the  liver,  whilst  the  heart  is  still  near 
the  head.  As  the  diaphragm  extends  forward  from  the  vertebral  column  it 
separates  the  common  pleuro-peritoneal  cavity  into  two  parts,  a  thoracic  and 
abdominal. 

Deyelopment  of  the  Urinary  Organs. — The  urinary  organs  appear  to  be  entirely 
of  mesoblastic  origin,  and  are  intimately  connected  with  an  embryonic  glandular 
organ  first  discovered  by  Wolff,  and  hence  called  the  Wolffian  body.  Recent 
researches  have  shown  that  the  Wolffian  bodies  form  a  part  of  a  set  of  glands 
which  are  found  in  all  vertebrate  and  some  invertebrate  animals.  These  glands 
have  been  termed  the  segmental  organs^  and  consist,  in  vertebrates,  of  branching 
tubes  opening  at  one  extremity  into  the  body-cavity,  and  at  the  other  by  one  or 
more  main  ducts  into  the  cloaca  or  hind-gut.*  The  segmental  organ  of  vertebrates 
i?  divided  into  three  parts,  each  of  which  possesses  an  excretory  duct.  The  anterior 
of  the  three,  situated  in  the  region  of  the  rudimentary  heart,  is  termed  the  head- 
hdney  or  pronephros  (Lankester),  and  its  duct  is  the  Miillerian  duct.  The  central 
part  is  the  Wolffian  body,  the  mesonephros  (Lankester),  and  its  duct  is  the  Wolffian 
duct.  The  posterior  segment  is  the  rudiment  of  the  permanent  kidney,  and  is 
formed  later  than  the  other  two.  It  is  named  the  metanephros  (Lankester),  and  its 
duct  is  the  ureter. 

'  In  inTertebrates  the  external  openings  are  on  the  sides  of  the  body. 
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The  segmental  organ  ie  perceptible  about  tlie  third  week,  forming  an  eloDgat«d 
ridge  of  cells  situated  on  either  side  of  the  primitive  vertebrae  and  extending  from 
the  heart  to  the  lower  end  of  the  embryo.  It  makes  its  appearance  below  the 
heart  and  behind  the  common  pleuro-peritoneal  cavity,  from  the  mesoblast  at  the 
point  of  separation  of  its  two  layers  into  somatopleure  and  .splanchnopleure.  As 
this  ridge  is  situated  in  front  of  the  epiblast  (reflected  from  the  medullary  cavity) 
at  the  side  of  the  protovertebrse  and  behind  the  common  pleuro-peritoneal  cavity, 
it  has  been  named  '"  the  intermediate  cell-mass."  It  ia  at  first  solid,  but  soon  a 
tube  is  hollowed  out  in  it,  by  the  formation  of  a  lumen  in  its  most  prominent 
part;  this  is  the  segmental  duct,  the  greater  part  of  which  forms  the  Wolffian 
duct.  As  the  duct  is  formed  it  sinks  downward  and  projects  into  the  body- 
cavity.  The  remainder  of  the  segmental  organ — i.  e.  that  part  which  is  not  con- 
cerned in  the  formation  of  the  duct — becomes  converted  into  tubes,  which  com- 
mence as  branches  from  the  duct  and  spread  out  at  right  angles  with  it.  They 
are  at  first  ctecal,  but  soon  acquire  openings  at  their  inner  extremities  into  the 
body-cavity,  the  lower  end  of  the  segmental  duct  at  the  same  time  forming  ati 
opening  into  the  urogenital  sinus.  Thus  a  communication  is  established  through 
these  tubes  and  duct  between  the  pleuro-peritoneal  cavity  and  the  cloaca  or 
hinder  part  of  the  alimentary  canal.  The  next  step  is  the  formation  of  a  second 
duct  in  the  neighborhood  of  the  original  duct,  with  which  some  of  the  tubules  of 
the  anterior  part  of  the  segmental  body  (pronephros)  are  connected.  This  is  the 
Miillerian  duct.  The  ureter,  which  is  formed  later,  is  an  offshoot  from  the  hinder 
part  of  the  Wolffian  duct. 

The  structure  of  the  Wolffian  body  is  in  many  respects  analogous  to  that  of 
the  permanent  kidney  (Fig.  104).     It  is  composed  partly  of  an  excretory  canal 
or  duct,  into  which  open  numerous  "  con- 
duits," rectilinear  at  first,  but  afterward 
tortuous,    and    partly    of    a    cellular    or 
glandular   structure,   in    which   Malpig- 
hian  tuf^s  are  found.     It  is  fixed  to  the 
diaphragm  by  a  superior  ligament,  and 
to  the  spinal  column  by  an  inferior  or 
lumbar  ligament.     Its  office  is  the  same 
as  that  of  the  kidneys — viz.  to  secrete 
fluid  containing  urea,  which  accumulates 
bell.)  0,0,     in  the  bladder.      When   the  permanent 
xtoitflan  duct.  /.  iM opper extremity,  p.  itstenni-     kidneys  are  lormed,  the  greater  part  of 
Mm^r.'\'iw^%^"''«ni^\™Xc«rcmHy^T  Tte     the  Wolffian  body  disappears.     The  rest 
Tbi'm^t'ai™m\S'w^  for  She  re^^'iiMivc""^!!'      ^^^^^  P'^''*  '"  *''^  formation  of  the  organs 
oi-nrj- or  leBticie.  '     of  generation. 

The  functional  activity  of  the  Wolf- 
fian bodies  is  very  transitory ;  they  attain  their  highest  development  by  the  sixth 
week,  after  which  lime  they  begin  to  decrease  in  size  and  have  nearly  disappeared 
by  the  end  of  the  third  month.  The  upper  part  of  the  segmental  body,  the  prone- 
phros, also  undergoes  atrophy  and  disappears.  In  the  male,  the  Wolffian  duct 
persists,  and  becomes  converted  into  the  vas  deferens,  the  Mullerian  duct  under- 
going atrophy ;  a  vestige  of  it.  however,  remaining  as  the  sinus  prostaticus ; 
whereas,  on  the  other  hand,  in  the  female,  the  >liillerian  duct  remains  and 
becomes  converted  into  the  whole  length  of  the  genital  passages,  while  the  Wolf- 
fian duct  almost  entirely  disappears  and  remains  only  as  a  vestige.  Prior  to  this, 
however,  the  Wolffian  and  Mullerian  duels  {together  with  the  ureter  when  formed) 
open  into  the  common  urogenital  sinus  or  cloaca,  which  is  the  termination  of  the 
intestinal  cavity,  into  which  the  allantois  also  opens  in  front  (Fig.  105). 

As  the  allantois  expands  into  the  urinary  bladder  this  common  cavity  is 
divided  into  two  by  a  septum,  to  form  the  bladder  in  front  and  the  rectum  behind. 
The  Wolffian  and  Mullerian  ducts  are  soon  connected  by  cellular  substance  into  a 
single  mass — the  genital  cord — in  which  the  Wolffian  ducts  lay  side  by  side  in 


a  the  front  of  It 
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front,  SDd  the  ducts  of  Muller  behind,  at  firat  separate,  but  later  on  uniting  with 
each  other. 

It  has  been  stated  that  the  kidney  is  developed  from  the  lower  part  (meta- 
nephros)  of  the  segmental  organ.  With  this  the  ureter  becomes  connected  in  the 
following  manner :  It  commences  as  a  tubular  diverticulum  from  the  lower  part 
of  the  segmental  duct,  close  to  the  cloaca.  It  extends  upward,  and  becomes 
divided  into  a  number  of  c^cal  tubules,  which  represent  the  commencement  of  the 
several  divisions  of  the  pelvis  of  the  kidney.  These  tubules  are  prolonged  into 
the  solid  blastema  of  which  the  kidney  at  that  time  consists.  The  tubules  then 
become  convoluted,  and  masses  of  cells  accumulate  on  their  exterior,  so  as  to  give 
to  the  organ  an  appearance  of  lobulation.  Between  these  cells  vessels  are 
developed,  and  the  vascular  glomeruli  are  gradually  formed.  The  kidneys  at 
firat,  therefore,  consist  of  cortical  substance  only,  but  later  on  the  proximal  ends 
of  the  tabes  become  straight  and  arranged  in  bundles,  and  thus  the  pyramidal 
stmcture  is  developed.  The  lobulation  of  the  kidney  is  perceptible  for  some  time 
after  birth. 

The  urinary  bladder,  aa  before  stated,  is  formed  by  a  dilatation  of  the  lower 
part  of  the  Stalk  of  the  allantois.  At  the  end  of  the  second  month  this  forms  a 
spindle-shaped  cavity,  the  bladder,  which 
communicates  with  the  lower  part  of  the 
primitive  intestine  by  a  short  canal,  the 
first  part  of  the  urethra.  The  upper  part 
of  the  stalk  of  the  allantois,  which  is  not 
dilated,  fonns  the  urachns :  this  extends  up 
into  the  umbilical  cord,  and  at  an  early  period 
of  embryonic  existence  forms  a  tube  of  com- 
munication with  the  allantois.  It  is  obliter- 
ated before  the  termination  of  fcetal  life,  but 
the  cord  formed  by  its  obliteration  is  percep- 
tible throughout  life,  passing  from  the  upper 
^rt  of  the  bladder  to  the  umbilicus,  and  it 
otrcasionally  remains  patent  in  the  adult, 
ci>n)iti luting  a  well-known  malformation. 

The  guprarenal  bodies  are  developed  from 
two  different  sources.  The  medullary  part 
of  the  organ  is  of  epibiastic  origin,  and  is 
derived  from  the  tissues  forming  the  sympa- 
thetic ganglia  of  the  abdomen,  while  the  cor- 
tical portion   is    of  mesoblastic   origin,   and 
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*'"l'-  the  labia  majora  or  scrotum  are  formed. 

Development  of  the  Oenerative  Organs. — 
The  first  appearance  of  the  reproductive  organs  is  essentially  the  same  in  the  two 
sexes,  and  consists  in  a  thickening  at  one  spot  of  the  epithelial  layer  which  lines 
the  peritoneal  or  body  cavity,  with  a  slight  increase  of  the  connective  tissue 
beneath  it,  forming  a  low  ridge.  This  is  termed  the  genital  ridge,  and  is  situated 
on  the  mesial  side  of  each  Wolffian  body,  and  from  it  the  testicle  in  the  one 
ax,  and  the  ovary  in  the  other,  are  developed.  The  ridge,  as  the  embryo  grows, 
gradually  becomes  pinched  off'  from  the  Wolffian  body,  with  which  it  is  at  first 
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continuous,  though  it  still  remains  connected  to  the  remnant  of  this  body  by  a 
fold  of  peritoneum,  the  mesorchium  or  meaovartum.  About  the  seventh  week  the 
distinction  of  sex  begins  to  be  perceptible.  The  epithelium  on  the  genital  ridge, 
which  is  called  ^^germ-epithelium,"  in  the  female  becomes  distinctly  columnar, 
multiplies  rapidly,  and  begins  to  form  primitive  ova,  in  a  manner  presehtly  to  be 
described;  whereas  in  the  male,  though  the  germ-epithelium  has  a  tendency  to 
become  columnar,  the  cells  are,  on  the  whole,  flatter  and  smaller  than  in  the 
female. 

Development  of  Male  Organs. — The  tubuli  seminiferi  of  the  testicle  appear  at 
an  early  period.  It  is  believed  that  they  are  formed  by  the  extension  of  epithelial 
cells  on  the  surface  of  the  genital  ridge,  into  its  blastema ;  rows  of  cells  are  thus 
developed  which  become  the  lining  cells  of  the  seminal  ducts.  In  some  animals 
{e,g.  reptiles)  the  segmental  tubes  of  the  Wolflian  body  have  been  found  to  extend 
into  the  body  of  the  testis,  and  to  form  the  tubes  of  this  organ,  which  become 
lined  with  cells  derived  from  the  germ -epithelium,  and  it  is  probable  that  a  similar 
process  takes  place  in  birds  and  mammals. 

The  Mlillerian  ducts  disappear  in  the  male  sex,  with  the  exception  of  their 
lower  ends.  These  unite  in  the  middle  line,  and  open  by  a  common  orifice  into 
the  urogenital  sinus.  This  constitutes  the  utriculvs  hominis  or  sinus  prostaticus. 
Occasionally,  however,  the  upper  end  of  the  duct  of  Miiller  remains  visible  in  the 
male,  constituting  the  little  pedunculated  body,  called  the  hydatid  of  Morgagni, 
sometimes  found  in  the  neighborhood  of  the  epididymis,^  between  the  testes  and 
globus  major. 

The  head  of  the  epididymis,  its  canal,  the  vas  deferens,  and  ejaculatory  duct 
are  formed  from  the  canals  and  duct  of  the  Wolffian  body.  One  or  more  of  the 
tubes  of  the  Wolflian  body  form  the  vas  aberrans  and  a  structure  described  by 
Giraldfes,  and  called,  after  him,  ''  the  organ  of  Girald^s,"  which  bears  a  good  deal 
of  resemblance  to  the  organ  of  Rosenmiiller  in  the  other  sex.  It  consists  of  a 
number  of  convoluted  tubules  lying  in  the  cellular  tissue  in  front  of  the  cord,  and 
close  to  the  head  of  the  epididymis. 

The  descent  of  the  testis  and  the  formation  of  the  gubernaculum  are  described 
in  the  body  of  the  work. 

Development  of  Female  Organs. — The  ovary,  as  above  stated,  is  formed  from 
the  genital  ridge,  which  becomes  pinched  ofi"  from  the  remains  of  the  Wolffian 
body,  but  is  still  attached  by  a  mesovarium.  It  consists  of  a  central  part  of  con- 
nective tissue  covered  by  a  layer  of  germ -epithelium,  from  w^hich  the  ova  are 
developed.  This  epithelium  undergoes  repeated  division,  so  that  it  rapidly  increases 
in  thickness  and  forms  several  layers.  Next  certain  of  the  cells  become  enlarged 
and  spherical,  and  form  what  are  called  the  primitive  ova.  Around  these,  other 
epithelial  cells  have  a  tendency  to  arrange  themselves,  so  as  to  enclose  the  ovum 
in  a  follicle.  The  permanent  ova,  enclosed  in  their  Graafian  follicles,  are  thus 
formed. 

The  Fallopian  tube  is  developed  from  that  portion  of  the  duct  of  MUUer  which 
lies  above  the  lumbar  ligament  of  the  Wolffian  body.  This  duct  is  at  first  com- 
pletely closed  at  its  upper  extremity,  and  its  closed  extremity  remains  permanent, 
forming  a  small  cystic  body  attached  to  the  fimbriated  end  of  the  Fallopian  tube, 
and  called  the  ''  hydatid  of  Morgagni."  Below  this  a  cleft  forms  in  the  duct,  and 
is  developed  into  the  fimbriated  opening  of  the  Fallopian  tube. 

Below  this  the  duct  of  Miiller  and  the  ducts  of  the  Wolffian  bodies  are  united 
together  in  a  structure  called  '*  the  genital  cord,*'  in  which  the  two  Miillerian 
ducts  approach  each  other,  lying  side  by  side,  and  finally  coalesce  to  form  the 
cavity  of  the  vagina  and  uterus.  This  coalescence  commences  in  the  middle  of 
the  genital  cord,  and  corresponds  to  the  body  of  the  uterus.  The  upper  parts  of 
the  Miillerian  ducts  in  the  genital  cord  constitute  the  cornua  of  the  uterus,  little 
developed  in  the  human  species.     The  only  remains  of  the  Wolffian  body  in  the 

*  Mr.  Osborn,  in  the  St.  Thomas's  Hospital  Reports,  1875,  has  written  an  interesting  paper  point- 
ing out  the  probable  connection  between  this  foetal  structure  and  one  form  of  hydrocele. 
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complete  condition  of  the  female  orgaDs  are  two  rudimentary  or  vestigial  struc- 
tures, which  can  be  found,  on  careful  search,  in  the  hroad  ligament  near  the  ovary ; 
the  parovarium  or  orffaa  of  Rosenmiiller  and  the  epoopkoron  (Fig.  106).  The 
organ  of  RosenmiillerconsiBts 
of  a  number  of  tubes  which 
converge  to  a  transverse 
portion,  the  epoophoron,  and 
this  is  sometimes  prolonged 
into  a  distinct  duct,  running 
transversely,  the  duct  of 
Gartner,  which  is  much  more 
conspicuous  and  extends  far- 
ther in  some  of  the  lower 
animals.  This  is  the  remains 
of  the  Wolffian  duct.  About 
the  fifth  month  an  annular 
constriction  marks  the  posi- 
lionof  tbe  neck  of  the  uterus, 
and  after  tbe  sixth  month  the 
walla  of  the  uterus  begin  to 
thicken.  The  round  liga- 
ment is  derived  from  the 
lumbar  ligament  of  the  Wolf- 
fian body,  the  peritoneum 
constitutes  the  broad  ligament  :  the  superior  ligament  of  the  Wolffian  body  dis- 
a[>pear8  with  that  structure  (Fig.  107). 

The  external  organs  of  generatdon,  like  the  internal,  pass   through  a  stage  in 
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■hich  there  is  no  distinction  of  sex  (Fig.  108,  ri,  in).  We  must  therefore  describe 
this  stage,  and  then  follow  the  development  of  the  female  and  male  organs  respect- 
ively. 

As  stated  above,  the  anal  depression  at  an  early  period  is  formed  by  an  invo- 
Intion  of  the  external  epithelium,  and  the  intestine  is  still  closed  at  its  lower  end. 
When  the  septum  between  the  two  opens,  which  is  about  the  fourth  week,  the 
nrtchus  in  front  and  the  intestine  behind  both  communicate  with  the  anal  depres- 
sion.    This,  which  is  now  called  the  cloaca,  is  afterward  divided  by  a  transverse 
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8«ptnm,  the  perineum,  whicli  appears  about  the  second  tuontii.     Two  tubea  are 
thus  formed ;  the  posterior  becomes  the  lower  part  of  the  rectum,  the  anterior  is 
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the  urogenital  sinus.  In  the  sixth  week  a  tubercle,  the  genital  tubercle,  is  formed 
in  front  of  the  cloaca,  and  this  is  soon  surrounded  by  two  folds  of  skin,  the  genital 
folds.  Toward  the  end  of  the  second  month  the  tubercle  presents,  on  its  lower 
aspect,  a  groove,  the  genital  furrow,  turned  toward  the  cloaca.  All  these  parts 
are  well  developed  by  the  second  month,  yet  no  distinction  of  sex  is  possible. 

Female  Organs  (Fig.  108,  A,  B,  c), — The  female  organs  are  developed  by  an 
easy  transition  from  the  above.  The  urogenital  sinus  persists  as  the  vestibule  of 
the  vagina,  ajid  forms  a  single  tube  with  the  upper  part  of  the  vagina,  which,  as 
we  have  already  seen,  is  developed  from  the  united  MUUerian  ducts.  The  genital 
tubercle  forms  the  clitoris,  the  genital  folds  the  labia  majora,  and  the  lips  of  the 
genital  furrow  the  labia  minora,  which  remain  open.   - 

Male  Organs  (Fig.  108,  a',  b',  c'). — In  the  male  the  changes  are  greater.     The 
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genital  tubercle  is  developed  into  the  penis,  the  glans  appearing  in  the  third  month, 
the  prepuce  and  corpora  cavernosa  in  the  fourth.  The  genital  furrow  closes  and 
thus  forms  a  canal,  the  spongy  portion  of  the  urethra.  The  urogenital  sinus 
becomes  elongated  and  forms  the  prostatic  and  membranous  urethra.  The  genital 
folds  unite  in  the  middle  line  to  form  the  scrotum,  at  about  the  same  time  as  the 
genital  furrow  closes — viz.  between  the  third  and  fourth  months. 

The  following  table  is  translated  from  the  work  of  Beaunis  and  Bouchard,  with 
Bome  alterations,  especially  in  the  earlier  weeks.  It  will  serve  to  present  a  resumS 
of  the  above  facts  in  an  easily  accessible  form.^ 

^  It  will  be  noticed  that  the  time  assiffned  in  this  table  for  the  appearance  of  the  first  rudiment 
of  some  of  the  bones  varies  in  some  cases  m>m  that  assigned  in  the  description  of  the  various  bones 
in  the  sequel     This  is  a  point  on  which  anatomists  differ,  and  which  probably  varies  in  different 


CHRONOLOGICAL  TABLE 

OF 

THE  DEVELOPMENT  OF  THE  FCETUS. 

(From  Beaunis  and  Bouchard.) 

First  Week. — During  this  period  the  ovum  is  in  the  Fallopian  tube.  Having  been  fertilized  in 
the  upper  part  of  the  tube,  it  slowly  passes  down,  undergoing  segmentation,  and  reaches 
the  uterus  probably  about  the  end  of  tne  first  week.  Durmg  this  time  it  does  not  undergo 
much  increase  in  size. 

Second  Week. — The  ovum  rapidly  increases  in  size  and  becomes  imbedded  in  the  decidua,  so 
that  it  is  completely  enclosed  in  the  decidua  reflexa  by  the  end  of  this  period.  An  ovum 
believed  to  be  of  the  thirteenth  day  after  conception  is  described  by  Reichert.  There  was 
no  appearance  of  any  embryonic  structure.  The  equatorial  margins  of  the  ovum  were  beset 
with  villi,  but  the  surface  in  contact  with  the  uterine  wall  and  the  one  opi)Osite  to  it  were 
bare.  In  another  ovum,  described  by  His,  believed  to  be  of  about  the  fourteenth  day, 
there  was  a  distinct  indication  of  an  embr>-o.  There  was  a  medullary  groove  bounded  by 
folds.  In  front  of  this  a  slightly  prominent  ridge,  the  rudimentary  heart.  The  amnion 
was  formed  and  the  embryo  was  attached  by  a  stalk,  the  allantois,  to  the  inner  surface  of 
the  chorion.  It  may  be  said,  therefore,  that  these  parts,  the  amnion  and  the  allantois,  and 
the  first  rudiments  of  the  embryo,  the  medullary  groove,  and  the  heart,  are  formed  at  the 
end  of  the  second  week. 

Third  Week. — By  the  end  of  the  third  week  the  flexures  of  the  embrj^o  have  taken  place,  so 
that  it  is  strongly  curved.  The  protovertebral  disks,  which  begin  to  be  formed  early  in  the 
third  week,  present  their  full  complement.  In  the  nervous  system  the  primarv  divisions 
of  the  l^rain  are  visible,  and  the  primitive  ocular  and  auditoiy  vesides  are  already  formed. 
The  primary  circulation  is  establisned.  The  alimentary  canal  presents  a  straight  tube  com- 
municating with  the  yolk-siic.  The  pharyngeal  arches  are  formed.  The  limbs  have 
appeared  as  short  buds.     The  Wolffian  bodies  are  visible. 

Fourth  Week. — ^The  umbilical  vesicle  has  attained  its  fnll  development.  The  caudal  extremity 
projects.  The  upper  and  the  lower  limbs  and  the  doacal  aperture  ajjpear.  The  heart  sep- 
arates into  a  right  and  left  heart.  The  special  ganglia  and  anterior  roots  of  the  spinal 
nerves,  the  olfactory  fossae,  the  lun/^  and  tne  pancreas  can  be  made  out 

Fifth  Week. — ^The  allantois  is  vascular  in  its  whole  extent.  The  first  traces  of  the  hands  and 
feet  can  be  seen.  The  primitive  aorta  divides  into  aorta  and  pulmonary  artery.  The  duct 
of  Miiller  and  genital  gland  are  visible.  The  ossification  of  the  clavicle  and  the  lower  jaw 
commences.     The  cartilage  of  Meckel  occupies  the  first  post-oral  arch. 

Sixth  Week. — ^The  activity  of  the  umbilical  vesicle  ceases.  The  pharj'n^eal  clefts  disappear. 
The  vertebral  column,  primitive  cranium,  and  ribs  assume  the  cartilagmous  condition.  The 
posterior  roots  of  the  nerves,  the  membranes  of  the  nervous  centres,  the  bladder,  kidney, 
tongue,  larynx,  thyroid  body,  the  germs  of  teeth,  and  the  genital  tubercle  and  folds 
are  apparent. 

Seventh  Week. — ^The  muscles  begin  to  be  perceptible.  The  points  of  ossification  of  the  ribs, 
scapula,  shaft  of  humerus,  femur,  tibia,  palate,  and  upper  jaw  appear. 

Eighth  TFee&.—The  distinction  of  arm  and  forearm,  and  of  tnigh  and  leg,  is  apparent,  as  well  as 
the  interdigital  clefts.  The  capsule  of  the  lens  and  pupillary  membrane,  tne  interventricu- 
lar and  commencement  of  the  interauricular  septum,  the  salivary  glands,  the  spleen,  and 
suprarenal  capsules  are  distinguishable.  The  larynx  begins  to  become  cartilaginous.  All 
the  vertebral  bodies  are  cartilaginous.  Tlie  points  of  ossification  for  the  ulna,  radius,  fibula, 
and  ilium  make  their  appearance.  The  two  halves  of  the  hard  ])alate  unite.  The 
sympathetic  nerves  are  now  for  the  first  time  to  be  discerned. 

Niuth  Week. — ^The  corpus  striatum  and  the  pericardium  are  first  apparent.  The  ovary  and 
testicle  can  be  distmguished  from  each  other.  The  genital  ftirrow  appears.  The  osseous 
nuclei  of  the  bodies  and  arches  of  the  vertebrae,  of  the  frontal,  vomer,  and  malar  bones  of  the 
shafts  of  the  metacarpal  and  metatarsal  bones,  and  of  the  phalanges  appear.  The  union  of 
the  hard  palate  is  completed.     The  gall-bladder  is  seen. 

Third  Month. — ^The  formation  of  the  foetal  placenta  advances  rapidlv.  The  projection  of  the 
caudal  extremity  disappears.  It  is  possible  to  distinguish  the  male  and  female  organs  ftom 
each  other.  The  cloacal  aperture  in  divided  into  two  parts.  The  cartilaginous  arches  on  the 
dorsal  region  of  the  spine  close.  The  points  of  ossification  for  the  occipital,  sphenoid, 
lachr3rmar,  nasal,  squamous  portion  of  temporal  and  ischium  appear,  as  wdl  as  the  orbital 
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centre  of  the  superior  maxillary.  The  pons  Varolii  and  fissure  of  Sylvius  can  be  made  out. 
The  eyelids,  the  hair,  and  the  nails  begin  to  form.  The  mammary  gland,  the  epiglottis, 
and  prostate  are  beginning  to  develop.  The  union  of  the  testicle  with  the  canals  of  the 
Wolffian  body  takes  place. 

Fourth  Month. — The  closure  of  the  cartilaginous  arches  of  the  spine  is  complete.  Osseous 
points  for  the  first  sacral  vertebra  and  os  pubis  appear.  The  ossification  of  the  maljeus  and 
mcus  takes  place.  The  corpus  callosum,  the  membrana  lamina  spiralis,  the  cartilage  of 
the  Eustachian  tube,  and  the  tympanic  ring  are  seen.  Fat  is  first  developed  in  the  sub- 
cutaneous cellular  tissue.  The  tonsils  are  seen,  and  the  closure  of  the  genital  furrow  and 
the  formation  of  the  scrotum  and  i)repuce  take  place. 

Fifth  Month. — The  two  layers  of  the  decidua  begin  to  coalesce.  Osseous  nuclei  of  the  axis  and 
odontoid  process,  of  the  lateral  points  of  the  first  sacral  vertebra,  of  the  median  points  of 
the  secono,  and  of  the  lateral  masses  of  the  ethmoid  make  their  appearance.  Ossification 
of  the  stapes  and  the  petrous  bone  and  ossification  of  the  germs  oi  the  teeth  take  place. 
The  germs  of  the  permanent  teeth  and  the  organ  of  Corti  appear.  The  eruption  of  hair  on 
the  head  commences.  The  sudoriferous  glands,  Brunner's  glands,  the  follicles  of  the  tonsil 
and  base  of  the  tongue,  and  the  lymphatic  glands  appear  at  this  period.  The  difierentiation 
between  the  uterus  and  vagina  becomes  apparent. 

Sixth  Month. — ^The  points  of  ossification  for  tne  anterior  root  of  the  transverse  process  of  the 
seventh  cervical  vertebra,  the  lateral  points  of  the  second  sacral  vertebra,  the  median  points 
of  the  third,  the  manubrium  stemi  and  the  os  calcis  appear.  The  sacro-vertebral  angle 
forms.  The  cerebral  hemispheres  cover  the  cerebellum.  The  P^piUsB  of  the  skin,  the 
sebaceous  glands,  and  Peyer's  patches  make  their  appearance,  xhe  free  border  of  the 
nail  projects  from  the  corium  of  the  dermis.     The  walls  of  the  uterus  thicken. 

Secfnth  Month. — ^The  additional  points  of  the  first  sacral  vertebra,  the  lateral  points  of  the 
third,  the  median  point  of  the  fourth,  the  first  osseous  point  of  the  body  of  the  sternum, 
and  the  osseous  point  for  the  astrag^us  appear.  MeckeFs  cartilage  disappears.  The 
cerebral  convolutions,  the  island  of  Reil,  and  tne  tubercula  quadrigemina  are  apparent  The 
pupillary  membrane  atrophies.  The  testicle  passes  into  the  vaginal  process  of  the 
peritoneum. 

Eighth  Month. — ^Additional  points  for  the  second  sacral  vertebra,  lateral  points  for  the  fourth 
and  median  points  for  the  fifrii  sacral  vertebrae,  can  be  seen. 

Ninth  Month. — Additional  points  for  the  third  sacral  vertebra,  lateral  points  for  the  fifth, 
oeBeous  points  for  the  middle  turbinated  bone,  for  the  body  and  great  comu  of  the  hyoid, 
for  the  second  and  third  pieces  of  the  body  of  the  sternum,  and  for  the  lower  end  oi  the 
femur  appear.  Ossification  of  the  bon^  lamina  spiralis  and  axis  of  the  cochlea  takes  place. 
The  eyelios  open,  and  the  testides  are  in  the  scrotum. 
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ANATOMY. 


0STE0L06Y-THE  SKELETON. 


w  

THE  entire  skeleton  in  the  adult  consists  of  200  distinct  bones.     These  are — 
- 

The  spine  or  vertebral  column  (sacrum  and  coocvx  included) 26 

Cranium 8 

Face 14 

Os  hjoides,  ptemum,  and  ribe 26 

Upper  extremities 64 

Lower  extremities 62 

200 

In  this  enumeration  the  patellae  are  included  as  separate  bones,  but  the  smaller 
sesamoid  bones  and  the  ossicula  auditfis  are  not  reckoned.  The  teeth  belong  to 
the  "tegumentary   system. 

These  bones  are  divisible  into  four  classes :  Long,  Short,  Flat,  and  Irregular. 

The  Long  Bones  are  found  in  the  limbs,  where  they  form  a  system  of  levers, 
which  have  to  sustain  the  weight  of  the  trunk  and  to  confer  the  power  of  locomo- 
tion. A  long  bone  consists  of  a  shaft  and  two  extremities.  The  shaft  is  a  hollow 
I  cylinder,  contracted  and  narrowed  to  afford  greater  space  for  the  bellies  of  the 
muscles ;  the  walls  consist  of  dense,  compact  tissue  of  great  thickness  in  the  middle, 
but  becoming  thinner  toward  the  extremities ;  the  spongy  tissue  is  scanty,  and 
the  bone  is  hollowed  out  in  its  interior  to  form  the  medullary  canal.  The 
extremities  are  generally  somewhat  expanded  for  greater  convenience  of  mutual 
connection,  for  the  purposes  of  articulation,  and  to  afford  a  broad  surface  for 
muscular  attachment.  Here  the  bone  is  made  up  of  spongy  tissue  with  only  a  thin 
abating  of  compact  substance.  The  long  bones  are  not  straight,  but  curved,  the 
cune  generally  taking  place  in  two  directions,  thus  affording  greater  strength  to  the 
bone.  The  bones  belonging  to  this  class  are  the  clavicle^  humerus,  radius,  ulna, 
femur,  tibia,  fibula,  metacarpal  and  metatarsal  bones,  and  the  phalanges. 

Short  Bones. — Where  a  part  of  the  skeleton  is  intended  for  strength  and  com- 
pactness, and  its  motion  is  at  the  same  time  slight  and  limited,  it  is  divided  into  a 
number  of  small  pieces  united  together  by  ligaments,  and  the  separate  bones  are 
^hort  and  compressed,  such  as  the  bones  of  the  carpus  and  tarsus.  These  bones, 
in  their  structure,  are  spongy  throughout,  excepting  at  their  surface,  where  there 
is  a  thin  crust  of  compact  substance.  The  patellee  also,  together  with  the  other 
^amoid  bones,  are  by  some  regarded  as  short  bones. 

Plat  Bones. — Where  the  principal  requirement  is  either  extensive  protection 
or  the  provision  of  broad  surfaces  for  muscular  attachment,  we  find  the  osseous 
structure  expanded  into  broad,  flat  plates,  as  is  seen  in  the  bones  of  the  skull  and 
the  shoulder-btade.  These  bones  are  composed  of  two  thin  layers  of  compact  tissue 
enclosing  between  them  a  variable  quantity  of  cancellous  tissue.  In  the  cranial 
bones  these  layers  of  compact  tissue  are  familiarly  known  as  the  tables  of  the 
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skull ;  the  outer  one  is  thick  and  tough ;  the  inner  one  thinner,  denser,  and  more 
brittle,  and  hence  termed  the  vitreoUs  table.  The  intervening  cancellous  tissue 
is  called  the  diploe.  The  flat  bpnes  are :  the  occipital^  parietal^  frontal^  nasaly 
lachrymal^  vomer,  scapula,  os  innominatum,  sternum,  ribs,  and  patella. 

The  Irregular  or  Mixed  Bones  are  such  as,  from  their  peculiar  form,  cannot  be 
grouped  under  either  of  the  preceding  heads.  Their  structure  is  similar  to  that 
of  other  bones,  consisting  of  a  layer  of  compact  tissue  externally,  and  of  spongy 
cancellous  tissue  within.  The  irregular  bones  are ;  the  vertebrce,  sacrum,  coccyx, 
temporal,  sphenoid,  ethmoid,  malar,  superior  maxillary,  inferior  maxillary,  palate, 
inferior  turbinated,  and  hyoid. 

Surfaces  of  Bones. — If  the  surface  of  any  bone  is  examined,  certain  eminences 
and  depressions  are  seen  to  which  descriptive  anatomists  have  given  the  following 
names. 

These  eminences  and  depressions  are  of  two  kinds :  articular  and  non-articular. 
Well-marked  examples  of  articular  eminences  are  found  in  the  heads  of  the  humerus 
and  femur  and  of  articular  depressions  in  the  glenoid  cavity  of  the  scapula  and  the 
acetabulum.  Non-articular  eminences  are  designated  according  to  their  form. 
Thus,  a  broad,  rough,  uneven  elevation  is  called  a  tuberosity;  a  small,*  rough 
prominence,  a  tubercle;  a  sharp,  slender,  pointed  eminence,  a  spine;  a  narrow, 
rough  elevrftion,  running  some  way  along  the  surface,  a  ridge  or  line. 

The  non-articular  depressions  are  also  of  very  variable  form,  and  are  described 
as  fossae,  grooves,  furrows,  fissures^  notches,  etc.  These  non-articular  eminences 
and  depressions  serve  to  increase  the  extent  of  surface  for  the  attachment  of  liga- 
ments and  muscles,  and  are  usually  well  marked  in  proportion  to  the  muscularity 
of  the  subject. 

A  prominent  process  projecting  from  the  surface  of  a  bone,  which  it  has  never 
been  separate  from  or  movable  upon  is  termed  an  apophysis  (from  dj:6(poat^,  an 
excrescence) ;  but  if  such  process  is  developed  as  a  separate  piece  from  the  rest  of 
the  bone,  to  which  it  is  afterward  joined,  it  is  termed  an  epiphysis  (from  iniipuatz, 
an  accretion). 

THE  SPINE. 

The  Spine  is  a  flexuous  and  flexible  column  formed  of  a  series  of  bones  called 
vertebrce  (from  vertere,  to  turn). 

The  Vertebra  are  thirty-three  in  number,  exclusive  of  those  which  form  the 
skull,  and  have  received  the  names  cervical,  dorsal,  lumbar,  sacral,  and  coccygeal^ 
according  to  the  position  which  they  occupy ;  seven  being  found  in  the  cervical 
region,  twelve  in  the  dorsal,  five  in  the  lumbar,  five  in  the  sacral,  and  four  in  the 
coccygeal. 

This  number  is  sometimes  increased  by  an  additional  vertebra  in  one  region,  or 
the  number  may  be  diminished  in  one  region,  the  deficiency  being  supplied  by 
an  additional  vertebra  in  another.  These  observations  do  not  apply  to  the  cervical 
portion  of  the  spine,  the  number  of  bones  forming  which  is  seldom  increased  or 
diminished. 

The  vertebrae  in  the  upper  three  regions  of  the  spine  are  separate  throughout 
the  whole  of  life ;  but  those  found  in  the  sacral  and  coccygeal  regions  are  in  the 
adult  firmly  united,  so  as  to  form  two  bones — five  entering  into  the  formation 
of  the  upper  bone  or  sacrum,  and  four  into  the  terminal  hone  of  the  spine  or 
coccyx. 

General  Oharacters  of  a  Vertebra. 

Each  vertebra  consists  of  two  essential  parts — an  anterior  solid  segment  or 
body,  and  a  posterior  segment  or  arch.  The  arch  is  formed  of  two  pedicles  and 
two  lamince,  supporting  seven  processes — viz.  four  articular,  two  transverse,  and 
one  spinous. 

The  bodies  of  the  vertebrae  are  piled  one  upon  the  other,  forming  a  strong 
pillar  for  the  support  of  the  cranium  and  trunk ;  the  arches  forming  a  hollow 
cylinder  behind  the  bodies  for  the  protection  of  the  spinal  cord.     The  different 
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vertebrae  are  connected  together  by  means  of  the  articular  processes  and  the  inter- 
rertebral  cartilages ;  while  the  transverse  and  spinous  processes  serve  as  levers 
for  the  attachment  of  muscles  which  move  the  different  parts  of  the  spine.  Lastly, 
between  each  pair  of  vertebrae  apertures  exist  through  which  the  spinal  nerves 
pass  from  the  cord.  Each  of  these  constituent  parts  must  now  be  separately 
examined. 

The  Body  or  Centrum  is  the  largest  and  most  solid  part  of  a  vertebra.  Above 
and  below  it  is  flattened ;  its  upper  and  lower  surfaces  are  rough  for  the  attach- 
ment of  the  intervertebral  fibro-cartilages,  and  present  a  rim  around  their  cir- 
cumference. In  front,  it  is  convex  from  side  to  side,  concave  from  above  down- 
ward. Behind,  it  is  flat  from  above  downward  and  slightly  concave  from  side  to 
side.  Its  anterior  surface  is  perforated  by  a  few  small  apertures,  for  the  passage 
of  nutrient  vessels ;  whilst  on  the  posterior  surface  is  a  single  large,  irregular 
aperture,  or  occasionally  more  than  one,  for  the  exit  of  veins  from  the  body  of 
the  vertebra — the  venoe  basis  vertebrce. 

The  Pedicles  project  backward,  one  on  each  side,  from  the  upper  part  of  the 
body  of  the  vertebra,  at  the  line  of  junction  of  its  posterior  and  lateral  surfaces. 
The  concavities  above  and  below  the  pedicles  are  the  intervertebral  notches ;  they 
are  four  in  number,  two  on  each  side,  the  inferior  ones  being  generally  the  deeper. 
When  the  vertebrae  are  articulated  the  notches  of  each  contiguous  pair  of  bones 
form  the  intervertebral  foramina,  which  communicate  with  the  spinal  canal  and 
transmit  the  spinal  nerves  and  blood-vessels. 

The  Laminse  are  two  broad  plates  of  bone  which  complete  the  vertebral  arch 
behind,  enclosing  a  foramen,  the  spinal  foramen^  which  serves  for  the  protection 
of  the  spinal  cord ;  they  are  connected  to  the  body  by  means  of  the  pedicles. 
Their  upper  and  lower  borders  are  rough,  for  the  attachment  of  the  ligg,menta 
mhjlava. 

The  Spinous  Process  projects  backward  from  the  junction  of  the  two  laminae, 
and  serves  for  the  attachment  of  muscles. 

The  Articular  Processes,  four  in  number,  two  on  each  side,  spring  from  the 
junction  of  the  pedicles  with  the  laminae.  The  two  superior  project  upward,  their 
articular  surfaces  being  directed  more  or  less  backward ;  the  two  inferior  project 
downward,  their  articular  surfaces  looking  more  or  less  forward.' 

The  Transverse  Processes,  two  in  number,  project  one  at  each  side  from  the 
point  where  the  articular  processes  join  the  pedicle.  They  also  serve  for  the 
attachment  of  muscles. 

Character  of  the  Cervical  Vertebrae  (Fig.  109). 

The  Cervical  Vertebrae  are  smaller  than  those  in  any  other  region  of  the  spine, 
and  may  readily  be  distinguished  by  the  foramen  in  the  transverse  process,  which 
does  not  exist  m  the  transverse  process  of  either  the  dorsal  or  lumbar  vertebrae. 

The  Body  is  small,  comparatively  dense,  and  broader  from  side  to  side  than 
frrjm  before  backward.  The  anterior  and  posterior  surfaces  are  flattened  and  of 
equal  depth  ;  the  former  is  placed  on  a  lower  level  than  the  latter,  and  its  inferior 
border  is  prolonged  downward,  so  as  to  overlap  the  upper  and  fore  part  of  the 
vertebrae  below.  Its  upper  surface  is  concave  transversely,  and  presents  a  pro- 
jecting lip  on  each  side ;  its  lower  surface  is  convex  from  side  to  side,  concave 
from  before  backward,  and  presents  laterally  a  shallow  concavity  which  receives 
the  corresponding  projecting  lip  of  the  adjacent  vertebra.  The  pedicles  are 
directed  obliquely  outward,  and  the  superior  intervertebral  notches  are  deeper, 
but  narrower,  than  the  inferior.  The  lamince  are  narrow,  long,  thinner  above  than 
below,  and  overlap  each  other,  enclosing  the  spinal  foramen,  which  is  very  large, 
and  of  a  triangular  form.  The  spinous  processes  are  short,  and  bifid  at  the 
extremity  to  afford  greater  extent  of  surface  for  the  attachment  of  muscles,  the 
two  divisions  t)eing  often  of  unequal  size.     They  increase  in  length  from  the 

'  It  iDAy,  perhaps,  be  as  well  to  remind  the  reader  that  the  direction  of  a  surface  is  determined 
br  that  of  a  line  drawn  at  right  angles  to  it 
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fourth  to  tlie  seventh.  The  articular  proceasea  are  oblique :  the  superior  are  of 
an  oval  form,  flattened,  and  directed  backward  and  upward ;  the  inferior  forward 
and  downward.  The  trantverse  proceeeeg  are  short,  directed  downward,  outward, 
and  forward,  bifid  at  their  extremity,  and  marked  by  a  groove  along  their  upper 
surface,  which  runs  downward  and  outward  from  the  superior  intervertebral 
notch,  and  serves  for  the  transmission  of  one  of  the  cervical  nerves.  They  are 
situated  in  front  of  the  articular  processes  and  on  the  outer  side  of  the  pedicles. 
The  transverse  processes  are  pierced  at  their  base  by  a  foramen,  for  the  transmis- 
sion of  the  vertebral  artery,  vein,  and  plexus  of  nerves.  Each  process  is  formed 
by  two  roots :  the  anterior  root,  sometimes  called  the  costal  process,  arises  from 
the  side  of  the  body,  and  is  the  homologue  of  the  rib  in  the  dorsal  region  of  the 
spine ;  the  posterior  root  springs  from  the  juoctioD  of  the  pedicle  with  the  lamina, 
and  corresponds  with  the  transverse  process  in  the  dorsal  region.     It  is  by  the 

inferior  tuberdeof 

Ftiramen  for  m 

Potterior  (vbrrclt 


junction  of  the  two  that  the  foramen  for  the  vertebral  vessels  is  formed.  The 
extremity  of  each  of  these  roots  forms  the  anterior  and  posterior  tubercles  of  the 
transverse  processes.' 

The  peculiar  vertebrse  in  the  cervical  region  are  the  first,  or  Atlas ;  the  second, 
or  Axis  ;  and  the  seventh,  or  Vertebra  prominena.  The  great  modifications  in  the 
form  of  the  atlas  and  axis  are  designed  to  admit  of  the  nodding  and  rotatory 
movements  of  the  head. 

The  Atlas  (Fig.  110)  is  so  named  from  supporting  the  globe  of  the  head.  The 
chief  peculiarities  of  this  bone  are  that  it  has  neither  body  nor  spinous  process. 
The  body  is  detached  from  the  rest  of  the  bone,  and  forms  the  odontoid  process  of 
the  second  vertebra ;  while  the  parts  corresponding  to  the  pedicles  join  in  front  to 
form  the  anterior  arch.  The  atlas  consists  of  an  anterior  arch,  a  posterior  arch, 
and  two  lateral  masses.  The  anterior  arch  forms  about  one-fifth  of  the  bone:  its 
anterior  surface  is  convex,  and  presents  about  its  centre  a  tubercle,  for  the  attach- 
ment of  the  Longus  colli  muscle;  posteriorly  it  is  concave,  and  marked  by  a 
smooth,  oval  or  circular  facet,  for  articulation  with  the  odontoid  process  of  the 
axis.  The  upper  and  lower  borders  give  attachment  to  the  anterior  occipito- 
atlantal  and  the  anterior  atlanto-axial  ligaments,  which  connect  it  with  the  occipital 
bone  above  and  the  axis  below.  The  posterior  arch  forms  about  two-fifths  of  the 
circumference  of  the  bone ;  it  terminates  behind  in  a  tubercle,  which  is  the  rudi- 
ment of  a  spinous  process,  and  gives  origin  to  the  Rectus  capitis  posticus  nlinor. 
The  diminutive  size  of  this  process  prevents  any  interference  in  the  movements 
between  it  and  the  cranium.  The  posterior  part  of  the  arch  presents  above  and 
behind  a  rounded  edge  f()r  the  attachment  of  the  posterior  occipito-atlantal  liga- 

'Tbc  BnterioT  tubercle  of  the  transverse  proce^*  of  tlie  siitli  cervical  vertebra  is  of  large  siie, 
Rtid  is  Bometimes  known  88  "Chassnitniac'e"  or  the  "oiirolid  tubercle."  It  in  in  close  relntinn  with 
the  carotid  artery,  which  lies  in  front  and  a  little  eitemal  to  it ;  80  that,  as  was  tirat  pointed  out  by 
Chnssatenac,  the  vessel  can  with  ease  be  conipresxcd  iitcninst  it. 
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ment,  while  in  front,  immediately  behind  each  superior  articul&r  process,  is  a 
groove,  sometimes  converted  into  a  foramen  by  a  delicate  bony  spiculum  which 
arches  backward  from  the  posterior  extremity  of  the  superior  articular  process. 
These  grooves  represent  the  superior  intervertebral  notches,  and  are  peculiar  from 
belDg  situated  behind  the  articular  processes,  instead  of  in  front  of  them,  as  in 
(he  other  vertebne.  They  serve  for  the  traDSmission  of  the  vertebral  artery, 
which,  ascending  through  the  foramen  in  the  transverse  process,  winds  round  the 
lateral  mass  in  a  direction  backward  and  inward.  They  also  transmit  the  suboc- 
cipital nerve.  On  the  under  surface  of  the  posterior  arch,  in  the  same  situation, 
are  two  other  grooves,  placed  behind  the  lateral  masses,  and  representing  the  infe- 
rior intervertebral  notches  of  other  vertebrfe.  They  are  much  less  marked  than 
the  superior.  The  lower  border  also  gives  attachment  to  the  posterior  atlanto- 
axial ligament,  which  connects  it  with  the  axis.  The  lateral  ma»»e»  are  the  moat 
bulky  and  solid  parts  of  the  atlas,  in  order  to  support  the  weight  of  the  head ; 
tbev  present  two  articulating  processes  above,  and  two  below.      The  two  superior 


»re  of  large  size,  oval,  concave,  and  approach  each  other  in  front,  but  diverge 
behind;  they  are  directed  upward,  inward,  and  a  little  backward,  forming  a  kind 
t-f  cup  for  the  condyles  of  the  occipital  bone,  and  are  admirably  adapted  to  the 
Dodding  movements  of  the  head.  Not  unfrequeatly  they  are  partially  subdivided 
bv  a  more  or  less  deep  indentation  which  encroaches  upon  each  lateral  margin. 
The  inferior  articular  processes  are  circular  in  form,  flattened  or  slightly  concave, 
and  directed  downward  and  inward,  articulating  with  the  axis,  and  permitting 
ihe  rotatory  movements.  Just  below  the  inner  margin  of  each  superior  articular 
surface  is  a  small  tubercle,  for  the  attachment  of  the  transverse  ligament,  which, 
stretching  across  the  ring  of  the  atlas,  divides  it  into  two  unequal  parts;  the 
anterior  or  smaller  segment  receiving  the  odontoid  process  of  the  axis,  the  posterior 
allowing  the  transmission  of  tfae  spinal  cord  and  its  membranes.  This  part  of 
the  spinal  canal  is  of  considerable  size,  to  afford  space  for  the  spinal  cord ;  and 
heace  lateral  displacement  of  the  atlas  may  occur  without  compression  of  this 
ftructure.  The  tranmierse  processes  are  of  large  size,  project  directly  outward 
frnm  the  lateral  masses,  and  serve  for  the  attachment  of  special  muscles  which 
»»ist  in  rotating  the  head.  They  are  long,  not  bifid,  and  perforated  at  their  base 
bv  a  canal  for  the  vertebral  artery,  which  is  directed  from  below,  upward  and 
backward. 

The  Axis  (Fig.  Ill)  is  so  named  from  forming  the  pivot  upon  which  the  first 
vertebra,  carrying  the  head,  rotates.  The  most  distinctive  character  of  this  bone 
'i  the  strong,  prominent  process,  tooth-like  in  form  (hence  the  name  odontoid), 
■hich  rises  perpendicularly  from  the  upper  surface  of  the  body.  The  body  is  of  a 
triaogular  form,  deeper  in  front  than  behind,  and  prolonged  downward  anteriorly 
M  ag  to  overlap  the  upper  and  fore  part  of  the  adjacent  vertebra.  It  presents  in 
front  a  median  longitudinal  ridge,  separating  two  lateral  depressions  for  the  attach- 
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ment  of  the  Longus  colli  muscle  of  either  side.     The  odontoid  proeegg  presenla 
two  articulating  surfaces:  one  in  front,  of  an  oval  form,  for  articulation  vith  the 
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atlas ;  another  behind,  for  the  transverse  ligament — the  latter  frequently  encroach- 
ing on  the  sides  of  the  process.  The  apex  is  pointed,  and  gives  attachment  to  one 
jasciculus  of  the  odontoid  ligament  {ligamentum  »ii»pen»orium).  Below  the  apex 
the  process  is  somewhat  enlarged,  and  present*  on  either  side  a  rough  impression 
for  the  attachment  of  the  lateral  fasciculi  of  the  odontoid  or  check  ligaments, 
which  connect  it  to  the  occipital  bone ;  the  base  of  the  process,  where  it  is  attached 
to  the  body,  is  constricted,  so  as  to  prevent  displacement  from  the  transverse 
ligament,  which  binds  it  in  thi» 
Body.  situation  to  the  anterior  arch  of 

the  atlas.  Sometimes,  however, 
this  process  does  become  dis- 
placed, especially  in  children,  in 
•whom  the  ligaments  are  more 
relaxed:  instant  death  is  the 
resnit  of  this  accident.  The 
pedicles  are  broad  and  strong, 
especially  their  anterior  extrem- 
ities, which  coalesce  with  the 
sides  of  the  body  and  the  root  of 
the  odontoid  process.  The  lam- 
ina' are  thiclc  and  strong,  and  the 
spinal  foramen  large,  but  smaller 
than  that  of  the  atlas.  The  trans- 
verse procetseg  are  verv  small, 
not  bifid,  and  perforated  by  the 
vertebral  foramen,  or  foramen 
Spinou3pnKa».  '<"'  ^^^  Vertebral  artery,  which  is 

nu.ii2.-sevenu. cervical  Terieb™,  or  venebrapromiDeo^  directed  obUquely  upward  and 
outward.  The  superior  articular 
surfaces  are  round,  slightly  convex,  directed  upward  and  outward,  and  are 
jieculiar  in  being  supported  on  the  body,  pedicles,  and  transverse  processes.  The 
inferior  articular  surfaces  have  the  same  direction  as  those  of  the  other  cervical 
vertebrse.  The  superior  intervertebral  notches  are  very  shallow,  and  lie  behind 
the  articular  processes;  the  inferior  in  front  of  them,  as  in  the  other  cervical 
vcrtebrfe.  The  spinous  process  is  of  large  size,  very  strong,  deeply  channelled  on 
iis  under  surface,  and  presents  a  bifid,  tubercular  extremity  for  the  attachment  of 
muscles  which  serve  to  rotate  the  head  upon  the  spine. 

Seventh  Oerrical  (Fig.  112). — The  most  distinctive  character  of  this  vertebra  is 


DOB8AL    VEBTEBBJE.  161 

the  exiateDce  of  a  very  long  and  promineDt  spinoue  process;  hence  the  naine 
"vertebra  prominens."  This  process  is  thick,  nearly  horizontal  in  direction,  not 
bifurcated,  and  has  attached  to  it  the  ligamentum  nuchfe.  The  tranaverge  process 
a  usually  of  large  size,  especially  its  posterior  root ;  its  upper  surface  has  usually 
it  shallow  groove,  and  it  seldom  presents  moro  than  a  trace  of  bifurcation  at  its 
extremity.  The  vertebral  foramen  is  aometimes  as  large  as  in  the  other  cervical 
vertebrse,  hut  is  usually  smaller  on  one  or  both  sides,  and  sometimes  wanting.  On 
tbe  [eft  side  it  occasionally  gives  passage  to  the  vertebral  artery ;  more  frequently 
the  vertebral  vein  traveraea  it  on  both  sides ;  but  the  usual  arrangement  is  for  bodi 
artery  and  vein  to  pass  in  front  of  the  transverse  process,  and  not  through  the 
foramen. 

Characters  of  the  Dorsal  TertebrEe. 
The  Dorsal  Veitebro  are  intermediate  in  size  between  those  in  the  cervical  and 
those  in  the  lumbar  region,  and  increase  in  size  from  above  downward,  the  upper 


vertebrse  in  this  segment  of  the  spine  being  much  smaller  than  those  in  the  lower 
part  of  the  region.  The  dorsal  vertebrie  may  be  at  once  recognized  by  the  pres- 
ence on  tbe  sides  of  the  body  of  one  or  more  facets  or  half-facets  for  the  heads  of 
the  ribs. 

The  bodies  of  the  dorsal  vertebrae  resemble  those  in  the  cervical  and  lumbar 
regions  at  tbe  respective  ends  of  this  portion  of  the  spine ;  but  in  the  middle  of 
the  dorsal  region  their  form  is  very  characteristic,  being  heart-shaped,  and  as 
broad  in  the  antero-posterior  as  in  tbe  lateral  direction.  They  are  thicker  behind 
[ban  in  front,  flat  above  and  below,  convex  and  prominent  in  front,  deeply  concave 
behind,  slightly  constricted  in  front  and  at  the  sides,  and  marked  on  each  side, 
near  the  root  of  the  pedicle,  by  two  demi-tacets,  one  above,  the  other  below.  These 
»re  covered  with  cartilage  in  the  recent  stale,  and,  when  articulated  with  the  adjoin- 
ing vertebrse,  form,  with  the  intervening  6bro-cartilage,  oval  surfaces  for  the 
r«ception  of  the  heads  of  the  corresponding  ribs.  The  pedicles  are  directed  back- 
ward, and  the  inferior  intervertebral  notches  are  of  large  size,  and  deeper  than  in 
any  other  region  of  the  spine.  The  lamirue  are  broad,  thick,  and  imbricated — 
that  is  to  say,  overlapping  one  another  like  tiles  on  a  roof.  Tbe  spinal  foramen  is 
raiatl,  and  of  a  circular  form.  The  spinous  processes  are  long,  triangular  in  form 
(bayonet-shaped),  directed  obliquely  downward,  and  terminate  in  a  tubercular 
extremity.     They  overlap  one  another  from  the  fifth  to  the  eighth,  but  are  less 
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oblique  in  direction  above  and  below-     Tbe  articular  proceiies  are  flat,  nearly- 
vertical  in  direction,  and  project  from  the  upper  and  lower  part  of  the  pedicles ; 
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the  superior  being  directed  backward  and  a  little  outward  and  upward,  the  inferior 
forward  and  a  little  inward  and  downward.  The  transverse  processes  arise  from 
the  same  parts  of  the  arch  as  the  posterior  roots  of  the  transverse  processes  in 
the  neck,  and  are  situated  behind  the  articular  processes  and  pedicles;  they  are 
thick,  strong,  and  of  great  length,  directed  obliquely  backward  and  outward, 
presenting  a  clubbed  extremity,  which  is  tipped  on  its  anterior  part  by  a  small 
concave  surface,  for  articulation  witb  the  tubercle  of  a  rib.  Besides  the  articular 
facet  for  tbe  rib,  three  indistinct  tubercles  may  be  seen  rising  from  the  transverse 
processes,  one  at  the  upper  border,  one  at  the  lower  border,  and  one  externally. 
In  man  they  are  comparatively  of  small  size,  and  serve  only  for  the  attachment 
of  muscles.     But  in  some  animals  they  attain  considerable  magnitude,  either  for 
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the  parpose  of  more  closely  coonecting  the  segmeDts  of  this  portion  of  the  spice 
or  for  muscular  and  ligamentous  attacbnient. 

The  peculiar  dorsal  vert«bne  are  the  firtt,  ninth,  tenth,  eleventh,  and  twelfth 
(Fit  114). 

The  First  Dorsal  Vertebra  presents,  on  each  side  of  the  body,  a  single  entire 
articular  facet  for  the  head  of  the  first  rib  and  a  half  facet  for  the  upper  half  of 
thenecond.  The  upper  surface  of  the  body  is  like  that  of  a  cervical  vertebra, 
being  broad  transversely,  concave,  and  lipped  on  each  side.  The  articular  gur- 
faea  are  oblique,  and  the  gpinout  prorca  thick,  long,  and  almost  horizontal. 

The  mnth  Dorsal  has  no  demi-facet  below.  Id  some  subjects,  however,  the 
ninth  has  two  demi-facets  on  each  side,  then  the  tenth  has  a  demi-facet  at  the  upper 
part;  none  below. 

The  Tenth  Dorsal  has  (except  in  the  cases  just  mentioned)  an  entire  articular 
facet  on  each  side  above,  which  is  partly  placed  on  the  outer  surface  of  the  pedicle. 
It  has  no  demi-facet  below. 

In  the  HeTonth  Dorsal  the  body  approaches  in  its  form  and  size  to  the  lumbar. 
The  articular  facets  for  the  heads  of  the*  ribs,  one  on  each  side,  are  of  large  size, 
aDd  placed  chiefly  on  the  pedicles,  which  are  thicker  and  stronger  in  this  and  the 
nest  vertebra  than  in  any  other  part  of  the  doreal  region.  The  spinous  process  is 
shurt,  nearly  horizontal  in  direction,  and  presents  a  slight  tendency  to  bifurcation 
ai  its  extremity.  The  trarigverse  processes  are  very  short,  tubercular  at  their 
extremities,  and  have  no  articular  facets  for  the  tubercles  of  the  ribs. 

The  Twelfth  Doreal  ha&  the  same  general  characters  as  the  eleventh,  but  may 
be  distinguished  from  it  by  the  inferior  articular  processes  being  convex  and 
turned  outward,  like  those  of  the  lumbar  vertebrre;  by  the  general  form  of  the 
biidy.  laminae,  and  spinous  process,  approaching  to  that  of  the  lumbar  vertebrae ; 
and  by  the  transverse  processes  being  shorter,  and  marked  by  three  elevations,  the 
sujicrior,  inferior,  and  external  tubercles,  which  correspond  to  the  mammillary, 
accessory,  and  transverse  processes  of  the  lumbar  vertebrse.  Traces  of  similar 
elevations  are  usually  to  be  found  upon  the  other  dorsal  vertebrte  (vide  ut  lupra). 

Characters  of  the  Liunbar  Vertebra. 
The  Ltunbar  Vertebna  (Fig.  115)  are  the  largest  segments  of  the  vertebral 
culumn,  and  can  at  once  be  distinguished  by  the  absence  of  the  foramen  in  the 


Flo,  115.— Lumbar  vcrtcbm. 

transverse  process,  the  characteristic  point  of  the  cervical  vertebrie,  and  by  the 
absence  of  any  articulating  facet  on  the  aide  of  the  body,  the  distinguishing  mark 
"f  the  dorsal  vertebne. 

The  bodj  is  large,  and  has  a  greater  diameter  from  side  to  side  than  from  before 
backward,  slightly  thicker  in  front  than  behind,  flattened  or  slightly  concave  above 
and  below,  concave  behind,  and  deeply  constricted  in  front  and  at  the  sides, 
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presenting  prominent  margins,  which  afford  a  broad  basis  for  the  support  of  the 
superincumbent  weight.  The  pedicles  are  very  strong,  directed  backward  from 
the  upper  part  of  the  bodies ;  consequently,  the  inferior  intervertebral  notches  are 
of  considerable  depth.  The  lamince  are  broad,  short,  and  strong,  and  the  spinal 
foramen  triangular,  larger  than  in  the  dorsal,  smaller  than  in  the  cervical,  region. 
The  spinous  processes  are  thick  and  broad,  somewhat  quadrilateral,  horizontal  in 
direction,  thicker  below  than  above,  and  terminating  by  a  rough,  uneven  border. 
The  superior  articular  processes  are  concave,  and  look  backward  and  inward ; 
the  inferior^  convex,  look  forward  and  outward ;  the  former  are  separated  by  a 
much  wider  interval  than  the  latter,  embracing  the  lower  articulating  processes 
of  the  vertebra  above.  The  transverse  processes  are  long,  slender,  directed  trans- 
versely outward  in  the  upper  three  lumbar  vertebrae,  slanting  a  little  upward  in 
the  lower  two.  They  are  situated  in  front  of  the  articular  processes,  instead  of 
behind  them  as  in  the  dorsal  vertebrae,  and  are  homologous  with  the  ribs.  Of  the 
three  tubercles  noticed  in  connection  with  the  transverse  processes  of  the  twelfth 
dorsal  vertebra,  the  superior  ones  become  connected  in  this  region  with  the  back 
part  of  the  superior  articular  processes,  and  have  received  the  name  of  mammillary 
processes ;  the  inferior  are  represented  by  a  small  process  pointing  downward, 
situated  at  the  back  part  of  the  base  of  the  transverse  process,  and  called  the 
accessory  processes :  these  are  the  true  transverse  processes,  which  are  rudimental 
in  this  region  of  the  spine ;  the  external  ones  are  the  so-called  transverse  processes, 
the  homologue  of  the  rib,  and  hence  sometimes  called  costal  processes.  Although 
in  man  these  are  comparatively  small,  in  some  animals  they  attain  considerable 
size,  and  serve  to  lock  the  vertebrae  more  closely  together. 

The  Pifth  Lumbar  vertebra  is  characterized  by  having  the  body  much  thicker 
in  front  than  behind,  which  accords  with  the  prominence  of  the  sacro-vertebral 
articulation;  by  the  smaller  size  of  its  spinous  process;  by  the  wide  interval 
between  the  inferior  articulating  processes ;  and  by  the  greater  size  and  thickness 
of  its  transverse  processes. 

Structure  of  the  VertebrsB. — The  structure  of  a  vertebra  differs  in  different 
parts.  The  body  is  composed  of  light,  spongy,  cancellous  tissue,  having  a  thin 
coating  of  compact  tissue  on  its  external  surface  perforated  by  numerous  orifices, 
some  of  large  size,  for  the  passage  of  vessels ;  its  interior  is  traversed  by  one  or 
two  large  canals,  for  the  reception  of  veins,  which  converge  toward  a  single  large, 
irregular  aperture  or  several  small  apertures  at  the  posterior  part  of  the  body  of 
each  bone.  The  arch  and  processes  projecting  from  it  have,  on  the  contrary,  an 
exceedingly  thick  covering  of  compact  tissue. 

Development. — Each  vertebra  is  formed  of  four  primary  cartilaginous  portions 
(Fig.  116),  one  for  each  lamina  and  its  processes,  and  two  for  the  body.  Ossifica- 
tion commences  in  the  laminae  about  the  sixth  week  of  foetal  life,  in  the  situation 
where  the  transverse  processes  afterward  project,  the  ossific  granules  shooting 
backward  to  the  spine,  forward  into  the  pedicles,  and  outward  into  the  transverse 
and  articular  processes.  Ossification  in  the  body  commences  in  the  middle  of  the 
cartilage  about  the  eighth  week  by  two  closely  approximated  centres,  which  speedily 
coalesce  to  form  one  central  ossific  point.  According  to  some  authors,  ossifica- 
tion commences  in  the  laminae  only  in  the  upper  vertebrae — i.  e,  in  the  cervical  and 
upper  dorsal.  The  first  ossific  points  in  the  lower  vertebrae  are  those  which  are  to 
form  the  body,  the  osseous  centres  for  the  laminae  appearing  at  a  subsequent  period. 
At  birth  these  three  pieces  are  perfectly  separate.  During  the  first  year  the  laminae 
become  united  behind  by  a  portion  of  cartilage  in  which  the  spinous  process  is 
ultimately  formed,  and  thus  the  arch  is  completed.  About  the  third  year  the 
body  is  joined  to  the  arch  on  each  side,  in  such  a  manner  that  the  body  is  formed 
from  the  three  original  centres  of  ossification,  the  amount  contributed  by  the  ped- 
icles increasing  in  extent  from  below  upward.  Thus  the  bodies  of  the  sacral 
vertebrae  are  formed  almost  entirely  from  the  central  nuclei ;  the  bodies  of  the 
lumbar  are  formed  laterally  and  behind  by  the  pedicles ;  in  the  dorsal  region  the 
pedicles  advance  as  far  forward  as  the  articular  depressions  for  the  head  of  the 
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ribs,  forming  these  cavities  of  reception ;  and  in  the  neck  the  lateral  portions  of 
the  bodies  arc  formed  entirely  by  the  advance  of  the  pedicles.     Before  puberty 
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00  Other  changes  occur,  excepting  a  gradual  increase  in  the  growth  of  these 
primary  centres ;  the  upper  and  under  surfaces  of  the  bodies  and  the  ends  of  the 
transverse  and  spinous  processes  being  tipped  with  cartilage,  in  which  ossific 
granules  are  not  as  yet  deposited.  At  sixteen  years  {Fig-  118),  four  secondary 
centres  appear,  one  for  the  tip  of  each  transverse  process,  H.nd  two  (sometimes 
united  into  one)  for  the  end  of  the  spinous  process.  At  twenty-one  years  (Fig, 
117),  a  thin  circular  epiphysial  plate  of  bone  is  formed  in  the  layer  of  cartilage 
situated  on  the  upper  and  under  sur- 
faces of  the  body,  the  former  being 
the  thicker  of  the  two.  All  tbese 
become  joined,  and  the  bone  is  com- 
pletely formed  between  the  twenty- 
fifth  and  thirtieth  year  of  life. 

Exceptions  to  this  mode  of  de- 
velopment occur  in  the  first,  second, 
and  seventh  cervical,  and  in  the 
vertebrae  of  the  lumbar  r^ion. 

The  Atlaa  (Fig.  119).— The  num- 
ber of  centres  of  ossification  of  the 
atlas  is  very  variable.  It  may  he 
developed  from  two,  three,  four,  or 
five  centres.  The  most  frequent  ar- 
rangement is  by  three  centres.  Two 
of  these  are  destined  for  the  two 
lateral  or  neural  masses,  the  ossifica- 
tion of  which  commences  about  the 
seventh  week  near  the  articular  pro- 
cesses, and  extend  backward;  these 
portions  of  bone  are  separated  from 
one  another  behind,  at  birth,  by  a 
narrow  interval  filled  in  with  carti- 
lage. Between  the  second  and  third 
years  they  unite  either  directly  or 
through  the  medium  of  a  separate  centre  developed  in  the  cartilage  in  the  middle 
line.  The  anterior  arch,  at  birth,  is  altogether  cartilaginous,  and  in  this  a  sepa- 
rate nucleus  appears  about  the  end  of  the  first  year  after  birth,  and,  extending 
laterally,  joins  the  neural  processes  in  front  of  the  pedicles.  Sometimes  there  are 
two  nuclei  developed  in  the  cartilage,  one  on  either  side  of  the  median  line,  which 
join  to  form  a  single  mass.     And  occasionally  there  is  no  separate  centre,  but  the 
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anterior  arch  is  formed  by  the  gradual  extension  forward  and  ultimate  junction  of 
the  two  neural  processes. 

The  Axis  (Fig.  120)  is  developed  by  six  centres.  The  body  and  arch  of  this 
bone  are  formed  in  the  same  manner  as  the  corresponding  parts  in  the  other  ver- 
tebrae :  one  centre  (or  tw^o,  which  speedily  coalesce)  for  the  lower  part  of  the  body, 
and  one  for  each  lamina.  The  odontoid  process  consists  originally  of  an  extension 
upward  of  the  cartilaginous  mass  in  which  the  lower  part  of  the  body  is  formed. 
At  about  the  sixth  month  of  foetal  life  two  osseous  nuclei  make  their  appearance 
in  the  base  of  this  process:  they  are  placed  laterally,  and  join  before  birth  to 
form  a  conical  bilobed  mass  deeply  cleft  above ;  the  interval  between  the  cleft  and 
the  summit  of  the  process  is  formed  by  a  wedge-shaped  piece  of  cartilage,  the  base 
of  the  process  being  separated  from  the  body  by  a  cartilaginous  interval,  which 
gradually  becomes  ossified  at  its  circumference,  but  remains  cartilaginous  in  its 
centre  until  advanced  age.^  Finally,  as  Humphry  has  demonstrated,  the  apex  of 
the  odontoid  process  has  a  separate  nucleus,  which  appears  in  the  second  year  and 
joins  about  the  twelfth  year.  In  addition  to  these  there  is  a  secondary  centre  for 
a  thin  epiphysial  plate  on  the  under  surface  of  the  body  of  the  bone. 

The  Seventh  Oervical. — The  anterior  or  costal  part  of  the  transverse  process 
of  the  seventh  cervical  is  developed  from  a  separate  osseous  centre  at  about  the 
sixth  month  of  foetal  life,  and  joins  the  body  and  posterior  division  of  the  trans- 
verse process  between  the  fifth  and  sixth  years.  Sometimes  this  process  continues 
as  a  separate  piece,  and,  becoming  lengthened  outward,  constitutes  what  is  known 
as  a  cervical  rib. 

The  Lumbar  Vertebra  (Fig.  121)  have  two  additional  centres  (besides  those 
peculiar  to  the  vertebrae  generally)  for  the  mammillary  tubercles,  which  project 
from  the  back  part  of  the  superior  articular  processes.  The  transverse  process  of 
the  first  lumbar  is  sometimes  developed  as  a  separate  piece,  which  may  remain 
permanently  unconnected  with  the  remaining  portion  of  the  bone,  thus  forming  a 
lumbar  rib — a  peculiarity  which  is  rarely  met  with. 

Progress  of  Ossification  in  the  Spine  generally. — Ossification  of  the  laminae  of 
the  vertebrae  commences  at  the  upper  part  of  the  spine,  and  proceeds  gradually 
downward.  Ossification  of  the  bodies,  on  the  other  hand,  commences  a  little 
below  the  centre  of  the  spinal  column  (about  the  ninth  or  tenth  dorsal  vertebra), 
and  extends  both  upward  and  downward.  Although,  however,  the  ossific  nuclei 
make  their  first  appearance  in  the  lower  dorsal  vertebrae,  the  lumbar  and  first 
sacral  are  those  in  which  these  nuclei  are  largest  at  birth. 

Attachment  of  Muscles. — To  the  Atlas  are  attached  nine  pairs :  the  Longus 
colli,  Rectus  capitis  anticus  minor,  Rectus  lateralis,  Obliquus  capitis  superior  and 
inferior,  Splenius  colli,  Levator  anguli  scapulae,  First  Intertransverse,  and  Rectus 
capitis  posticus  minor. 

To  the  Axis  are  attached  eleven  pairs :  the  Longus  colli,  Levator  anguli 
scapulae,  Splenius  colli,  Scalenus  medius,  Transversalis  colli,  Intertransversales, 
Obliquus  capitis  inferior.  Rectus  capitis  posticus  major,  Semispinalis  colli,  Mul- 
tifidus  spinae,  Interspinales. 

To  the  remaining  vertebrae,  generally,  are  attached  thirty-five  pairs  and  a  sin- 
gle muscle:  anteriorly^  the  Rectus  capitis  anticus  major,  Longus  colli,  Scalenus 
anticus  medius  and  posticus.  Psoas  magnus  and  parvus,  Quadratus  lumbo- 
rum.  Diaphragm,  Obliquus  abdominis  internus,  and  Transversalis  abdominis — 
posteriorly^  the  Trapezius,  Latissimus  dorsi.  Levator  anguli  scapulae,  Rhomboideus 
major  and  minor,  Serratus  posticus  superior  and  inferior,  Splenius,  Erector  spinas, 
Ilio-costalis,  Longissimus  dorsi,  Spinalis  dorsi,  Cervicalis  ascendens,  Transversalis 
colli,  Trachelo-mastoid,  Complexus,  Biventer  cervicis,  Semispinalis  dorsi  and  colli, 
Multifidus  spinae,  Rotatores  spinae,  Interspinales,  Supraspinales,  Intertransversales, 
Levatores  costarum. 

*  See  Cunningham,  Joutm.  Anat.f  vol.  xx.  p.  238. 
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Sacral  and  Coccygeal  Vertebra. 

The  Sacral  and  Ooccygeal  Vertebra  consist,  at  an  early  period  of  life,  of  nine 
separate  pieces,  which  are  united  in  the  adult  so  as  to  form  two  bones,  five  enter- 
ing into  the  formation  of  the  sacrum,  four  into  that  of  the  coccyx.  Occasionally, 
the  coccyx  consists  of  five  bones.' 

The  Sacrum  (sacer,  sacred)  is  a  large,  triangular  bone  (Fig.  122),  situated  at 
the  lower  part  of  the  vertebral  column,  and  at  the  upper  and  back  part  of  the  pelvic 
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cavity,  where  it  is  inserted  like  a  wedge  between  the  two  innominate  bones;  its 
upper  part  or  base  articulating  with  the  last  lumbar  vertebrse.  its  apex  with  the 
coccyx.  The  sacrum  is  curved  upon  itself,  and  placed  very  obliquely,  its  upper 
eiiremity  projecting  forward,  and  forming,  with  the  last  lumbar  vertebra,  a  very 
prominent  angle,  called  the  promontory  or  sacro-vertebral  angle  ;  whilst  its  central 
part  is  directed  backward,  so  as  to  give  increased  capacity  to  the  pelvic  cavity. 
It  presents  for  examination  an  anterior  and  posterior  surface,  two  lateral  surfaces, 
a  base,  an  apex,  and  a  central  canal. 

The  Anterior  Surface  is  concave  from  above  downward,  and  slightly  so  from 
i^ide  to  side.  In  the  middle  are  seen  four  transverse  ridges,  indicating  the  original 
division  of  the  bone  into  five  separate  pieces.  The  portions  of  bone  intervening 
between  the  ridges  correspond  to  the  bodies  of  the  vertebrEe.  The  body  of  the 
first  segment  is  of  large  size,  and  in  form  resembles  that  of  a  lumbar  vertebra ;  the 
SDCceeding  ones  diminish  in  size  from  above  downward,  are  flattened  from  before 
backward,  and  curved  so  as  to  accommodate  themselves  to  the  form  of  the  sacrum, 
being  concave  in  front,  convex  behind.  At  each  end  of  the  ridges  above  mentioned 
are  seen  the  anterior  sacral  foramina,  analogous  to  the  intervertebral  foramina, 
uiiiiai  eomposition  of  the  coccyx. — On  tbt  Skdam, 
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four  in  number  on  each  side,  Bomenhat  rounded  in  form,  diminisbing  in  size 
from  above  downward,  and  directed  out- 
ward and  forward ;  they  transmit  the 
anterior  branches  of  the  sacral  nerves. 
External  to  these  foramina  is  the  lateral 
matig,  consisting  at  an  early  period  of 
life  of  separate  segments ;  these  become 
blended,  in  the  adult,  with  the  bodies, 
with  each  other,  and  with  the  posterior 
transverse  processes.  Each  lateral  mass 
is  traversed  by  four  broad,  shallow 
grooves,  which  lodge  the  anterior  sacral 
nerves  as  they  pass  outward,  the  grooves 
being  separated  by  prominent  ridges  of 
bone,  which  give  attachment  to  the  slips 
of  the  Pyriformis  muscle. 

If  a  vertical  section  is  made  through 
the  centre  of  the  bone  {Fig.  123),  the 
bodies  are  seen  to  be  united  at  their  cir- 
cumference by  bone,  a  wide  interval  being 
left  centrally,  which,  in  the  recent  state. 
Is  filled  by  intervertebral  substance.  In 
some  bones  this  union  is  more  complete 
between  thp  lower  segments  than  between 
the  upper  ones. 

The  Posterior  Surface  (Fig.  124)  is 
convex  and  much  narrower  than  the 
anterior.  In  the  middle  line  are  three 
or  four  tubercles,  which  represent  the 
rudimentary  spinous  processes  of  the  sac- 
ral vertebra.  Of  these  tubercles,  the 
first  ia  usually  prominent,  and  perfectly 
Fio.i23.-vertiMi  section  of  the  sacnun.  distinct  from 'the  rest;    the  second  and 

third  are  either  separate  or  united  into  a  tubercular  ridgo,  which  diminishes  in 
size  from  above  downward ;  the  fourth  usually,  and  the  fiftn  always,  remaining  un- 
developed. External  to  the  spinous  processes  on  each  side  are  the  lamina,  broad 
and  well  marked  in  the  first  three  pieces;  sometimes  the  fourth,  and  generally 
the  fifth,  being  undeveloped:  in  this  situation  the  lower  end  of  the  sacral  canal 
is  exposed,  and  is  liable  to  be  opened  in  the  sloughing  of  bed-sores.  External  to 
the  laminie  is  a  linear  series  of  indistinct  tubercles  representing  the  articular 
proceege»  ;  the  upper  pair  are  large,  well  developed,  and  correspond  in  shape  and 
direction  to  the  superior  articulating  processes  of  a  lumbar  vertebra ;  the  second 
and  third  are  small;  the  fourth  and  fifth  (usually  blended  together)  are  situated 
on  each  side  of  the  sacral  canal :  they  are  called  the  sacral  comua,  and  articulate 
with  the  Gornua  of  the  coccyx.  External  to  the  articular  processes  are  the  four 
posterior  sacral  foramina ;  tbey  are  smaller  in  size  and  less  regular  in  form  than 
the  anterior,  and  transmit  the  posterior  branches  of  the  sacral  nerves.  On  the 
outer  side  of  the  posterior  sacral  foramina  is  a  series  of  tubercles,  the  rudiment- 
ary tratisveree  processes  of  the  sacral  vertebrie.  The  first  pair  of  transverse 
tubercles  are  of  large  size,  very  distinct,  and  correspond  with  each  superior  angle 
of  the  bone ;  the  second,  small  in  size,  enter  into  the  formation  of  the  sacro-iliae 
articulation;  the  third  give  attachment  to  the  oblique  fasciculi  of  the  posterior 
sacro-iliac  ligaments ;  and  the  fourth  and  fifth  to  the  great  sacro-sciatic  ligaments. 
The  interspace  between  the  spinous  and  transverse  processes  on  the  back  of  the 
sacrum  presents  a  wide,  shallow  concavity,  called  the  sacral  groove;  it  is 
continuous  above  with  the  vertebral  groove,  and  lodges  the  origin  of  the  Erector 
spinse. 
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The  Lateral  Sarfoce,  broad  above,  becomea  narrowed  into  a  thin  edge  below. 
Its  upper  half  presents  in  front  a  broad,  ear-shaped  surface  for  articulation  with 


the  ilium.  This  is  called  the  auricular  surface,  and  in  the  fresh  state  is  coated 
with  fibro-cartilage.  It  is  bounded  posteriorly  by  deep  and  uneven  impressions, 
for  the  attachment  of  the  posterior  sacro-iliac  ligaments.  The  lower  half  is  thin 
iD'J  sharp,  and  gives  attachment  to  the  greater  and  lesser  sacro-sciatic  ligaments, 
and  to  some  fibres  of  the  Oluteus  maximus ;  below,  it  presents  a  deep  notch,  which 
'ti  converted  into  a  foramen  by  articulation  with  the  transverse  process  of  the 
npper  piece  of  the  coccyx,  and  transmits  the  anterior  division  of  the  fifth  sacral 


The  Bam  of  the  sacrum,  which  is  broad  and  expanded,  is  directed  upward  and 
forward.  In  the  middle  is  seen  a  large  oval  articular  surface,  which  is  connected 
wiih  the  under  surface  of  the  body  of  the  last  lumbar  vertebra  by  a  fibre-carti- 
taginous  disk.  It  is  bounded  behind  by  the  large,  triangular  orifice  of  the  sacral 
canal.  The  orifice  is  formed  behind  by  the  laminse  and  spinous  process  of  the 
6rst  sacral  vertebra :  the  superior  articular  processes  project  from  it  on  each  side ; 
ihey  are  oval,  concave,  directed  backward  and  inward,  like  the  superior  articular 
processes  of  a  lumbar  vertebra  ;  and  in  front  of  each  articular  process  is  an  inter- 
vertebral notch,  which  forms  the  lower  half  of  the  last  intervertebral  foramen. 
Lastly,  on  each  side  of  the  large  oval  articularsurface  is  abroad  and  flat  triangular 
surface  of  bone,  which  extends  outward,  supports  the  Psoas  magnus  muscle  and 
lumbo-sacral  cord,  and  is  continuous  on  each  side  with  the  iliac  fossa.  This  is 
called  the  ala  of  the  sacrum,  and  gives  attachment  to  a  few  of  the  fibres  of  the 
lliaciis  muscle. 

The  Apex,  directed  downward  and  forward,  presents  a  small,  oval,  conctivo 
surface  for  articulation  with  the  coccyx. 

The  Spinal  Canal  runs  throughout  the  greater  part  of  the  bone;  it  is  large 
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and  triangular  in  form  above,  small  and  flattened,  from  before  backward,  below. 
In  tbis  situation  its  posterior  wall  is  incomplete,  from  the  non-development  of  the 
laminfe  and  spinous  processes.  It  lodges  the  sacral  nerves,  and  is  perforated  by 
the  anterior  and  posterior  sacral  foramina,  through  which  these  pass  out. 

Stracture. — It  consistB  of  much  loose,  spongy  tissue  within,  invested  externally 
by  a  thin  layer  of  compact  tissue. 

Differences  in  the  Sacmm  of  the  Hal*  and  Female. — The  sacrum  in  the 
female  is  usually  wider  than  in  the  male ;  the  lower  half  forms  a  greater  angle  with 
the  upper,  the  upper  half  of  the  bone  being  nearly  straight,  the  lower  half  pre- 
senting thegreatest  amount  of  curvature.  The  bone  is  also  directed  more  obliquely 
backward,  which  increases  the  size  of  the  pelvic  cavity ;  hut  the  sacro-vertebral 
angle  projects  less.  In  the  male  the  curvature  is  more  evenly  distributed  over  the 
whole  length  of  the  bone,  and  is  altogether  greater  than  in  the  female. 

Peculiarities  of  the  Sacrum. — This,  bone,  in  some  cases,  consists  of  six  pieces ; 
occasionally,  the  number  is  reduced  to  four.  Sometimes  the  bodies  of  the  first 
and  second  segments  are  not  joined  or  thelaminEe  and  spinous  processes  have  not 
coalesced.  Occasionally  the  upper  pair  of  transverse  tubercles  are  not  joined  to 
the  rest  of  the  bone  on  one  or  both  sides ;  and,  lastly,  the  sacral  canal  may  he  open 
for  nearly  the  lower  half  of  the  bone,  in  consequence  of  the  imperfect  development 
of  the  lamiuEe  and  spinous  processes.  The  sacrum,  also,  varies  considerably  with 
respect  to  its  degree  of  curvature.  From  the  examination  of  a  large  number  of 
skeletoas  it  would  appear  that  in  one  set  of  cases  the  anterior  surface  of  this  bone 
was  nearly  straight,  the  curvature,  which  was  very  slight,  affecting  only  its  lower 
end.  In  another  set  of  cases  the  bone  was  curved  throughout  its  whole  length, 
but  especially  toward  its  middle.  In  a  third  set  the  degree  of  curvature  was  less 
marked,  and  affected  especially  the  lower  third  of  the  bone. 

Development  (Fig.  126). — The  sacrum,  formed  by  the  union  of  five  vertehrse,  has 
thirty-jive  centres  of  ossification. 

The  bodies  of  the  sacral  vertebras  have  each  three  ossific  centres :  one  for  the 
central  part,  and  one  for  the  epiphysial  plates  on  its  upper  and  under  surface. 
Occasionally  the  primary  centres  for  the  bodies  of  the  first  and  second  piece  of  the 
sacrum  are  double. 

The  arch  of  each  sacral  vertebra  is  developed  by  two  centres,  one  for  each 
lamina.     These  unite  with  each  other  behind,  and  subsequently  join  the  body. 

The  lateral  maatet  have  six  additional  centres,  two  for  each  of  the  first  three 
vertebrae.  These  centres  make  their  appearance  above  and  to  the  outer  side  of 
the  anterior  sacral  foramina  (Fig.  125),  and  are  developed  into  separate  segments 
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{Fig.  126);  they  are  subsequently  blended  with  each  other,  and  with  the  bodies 
and  transverse  processes  to  form  the  lateral  mass. 

Lastly,  each  lateral  surface  of  the  sacrum  is  developed  by  two  epiphysial  plates 
(Fig.  127):  one  for  the  auricular  surface,  and  one  for  the  remaining  part  of  the 
thin  lateral  edge  of  the  bone. 
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Period  of  Development. — At  about  the  eighth  or  ninth  week  of  foetal  life  oasi- 
ticstion  of  the  central  part  of  the  bodies  of  the  first  three  vertebrae  commences, 
and  at  a  somewhat  later  period  that  of  the  last  two.  Between  the  sixth  and 
eighth  months  ossification  of  the  laminre  takes  place;  and  at  about  the  same 
period  the  characteristic  osseous  tubercles  for  the  first  three  sacral  vertebrse  make 
iheir  appearaace.  The  period  at  which  the  arch  becomes  completed  by  the  j  unction 
uf  the  laminie  with  the  bodies  in  front  and  with  each  other  behind  varies  in  different 
segments.  The  junction  between  the  laminse  and  the  bodies  takes  place  first  in 
the  lower  vertebra  aa  early  as  the  second  year,  but  is  not  effected  in  the  upper- 
most until  the  fifth  or  sixth  year.  About  the  sixteenth  year  the  epiphyses  for 
ibe  upper  and  under  surfaces  of  the  bodies  are  formed,  and  between  the  eighteenth 
and  twentieth  years  those  for  each  lateral  surface  of  the  sacrum  make  their 
appearance.  The  bodies  of  the  sacral  vertebrae  are,  during  early  life,  separated 
from  each  other  by  intervertebral  disks.  But  about  the  eighteenth  year  the  two 
lowest  segments  become  joined  together  by  ossification  extending  through  the 
<Iisk.  This  process  gradually  extends  upward  until  all  the  segments  become 
united,  and  the  bone  is  completely  formed  from  the  twenty-fifth  to  the  thirtieth 
year  of  life. 

Artdcolations. — With  four  bones:  the  last  lumbar  vertebra,  coccyx,  and  the 
two  ossa  innominata. 

Attachment  of  UuBcles. — To  eight  pairs :  in  front,  the  Fyriformis  and  Goccyg- 
eiis,  and  a  portion  of  the  Iliacus  to  the  base  of  the  bone;  behind,  the  Gluteus 
Diaximus,  Latissimus  dorsi,  Multifidus  spinse,  and  Erector  spinse,  and  sometimes 
the  Extensor  coccygis. 

The  Ooccyx. 

The  Coccyi  (x6xx'j$,  cuckoo),  so  called  from  having  been  compared  to  a  cuc- 
koo's beak  (Fig.  128),  is  usually  formed  of  four  small  segments  of  bone,  the  most 
niilimentary  parts  of  the  vertebral  column.     In  each 
')f  the   first   three   segments   may  be   traced  a  rudi- 
mentary body,  articular  and  transverse  processes ;  the 

last  piece  (sometimes  the  third)  is  a  mere  nodule  of  ^m' 

hune,  without  distinct  processes.    All  the  segments  are  prottM. 

destitute  of  pedicles,  laminse,  and  spinous  processes, 
and,  consef(uently,  of  intervertebral  foramina  and  spinal 
canal.  The  first  segment  is  the  largest;  it  resembles 
ilje  lowermost  sacral  vertebra,  and  often  exists  as  a 
separate  piece;  the  last  three,  diminishing  in  size  from 
aWve  downward,  are  usually  blended  together  so  as  to 
firm  a  single  bone.  The  gradual  diminution  in  the 
'ize  of  the  pieces  gives  this  bone  a  triangular  form,  the  ":"*"  ' 

l>&se  of  the  triangle  joining  the  end  of  the  sacrum.     It  ™yiia. 

jiresents  for  examination  an  anterior  and  posterior  sur- 
face, two  borders,  a  base,  and  an  apex.  The  anterior 
•vrfare  is  slightly  concave,  and  marked  with  three 
transverse  grooves,  indicating  the  points  of  junction  of 
ibe  different  pieces.  It  has  attached  to  it  the  anterior 
«cro-coccygeal  ligament  and  Levator  ani  muscle,  and 
supports  the  lower  end  of  the  rectum.  The  posterior 
'urface  is  convex,  marked  by  transverse  grooves  similar 
10  those  on  the  anterior  surface  ;  and  presents  on  each 
side  a  lineal  row  of  tubercles,  the  rudimentary  articular 
processes  of  the  coccygeal  vertebrse.  Of  these,  the  supe- 
rior pair  are  large,  and  are  called  the  pornua  of  the 
rotn/r;  they  project  upward,  and  articulate  with  the  "!^_^   ."' 

CDmua  of  the  sacrum,  the  junction  between  these  two 

bunes  completing  the  fifth  posterior  sacral  foramen  for  the  transmission  of  the  pos- 
terior division  of  the  fifth  sacral  nerve.    The  lateral  borders  are  thin,  and  present  a 
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terrvteai  Berics  of  Small  eminecces,  which   reitresent 

,T  Atlaa.  the   transverse   processes   of  the   coccygeal 

vertebrre.     Of  these,  the  first  on  each  side  is 
^  ji^_  the  largest,  flattened  from  before  backward, 

J  and  often  ascends  to  join  the  lower  part  of 

the  thin  lateral  edge  of  the  sacrum,  thus 
completing  the  fifth  anterior  sacral  foramen 
for  tne  transmission  of  the  anterior  division 
of  the  fifth  sacral  nerve ;  the  others  diminish 
in  size  from  above  downward,  and  are  often 
wanting.  The  borders  of  the  coccyx  arc 
narrow,  and  give  attachment  on  each  side  to 
jtt  the  sacro-sciatic  ligaments,  to  the  Coccygeus 

muscle  in  front  of  the  ligaments,  and  to  the 
Glutens  maximus  behind  them.  The  haite 
presents  an  oval  surface  for  articulation  with 
the  sacrum.  The  apex  is  rounded,  and  has 
attached  to  it  the  tendon  of  the  external 
Sphincter  muscle.  It  is  occaaionaliy  bifid, 
and  sometimes  defiected  to  one  or  other  side. 
Development. — The  coccyx  is  developed 
hy  four  centres,  one  for  each  piece.  Occa- 
sionally one  of  the  first  three  pieces  of  tliis 
bone  is  developed  by  two  centres,  placed  side 
by  aide.  The  ossific  nuclei  make  their  ap- 
pearance in  the  following  order:  in  the  first 
segment,  at  birth ;  in  the  second  piece,  at 
from  five  to  ten  years;  in  the  third,  from 
ten  to  fifteen  years;  in  the  fourth,  from  fif- 
teen to  twenty  years.  As  age  advances  these 
various  segments  become  united  in  the  fol- 
lowing order;  the  first  two  pieces  join;  then 
the  third  and  fourth ;  and,  lastly,  the  bone 
is  completed  by  the  union  of  the  second  and 
third.  At  a  late  period  of  life,  especially  in 
m  Ih  females,  the  coccy.x  often  becomes  joined  to 

the  end  of  the  sacrum. 

Articulation. — With  the  sacrum. 
Attachment  of  Uuscles.— To  four  pairs 
and  one  single  muscle:  on  either  side,  the 
Coccygeus;  behind,  the  Gluteus  maximus 
and  Extensor  coccygis.  when  present ;  at  the 
apex,  the  Sphincter  ani ;  and  in  front,  the 
Levator  ani. 

The  Spine  in  Oeneral. 
The  Spinal  Oolomn,  formed  by  the  junc- 
tion of  the  vertebrse.  is  situated  in  the  median 
line,  at  the  posterior  part  of  the  trunk  ;  its 
average  length  is  about  two  feet  two  or  three 
inchc.li,  measuring  along  the  curved  anterior 
surface  of  the  column.  Of  this  length  the 
cervical  part  measures  about  five,  the  dorsal 
about  eleven,  the  lumbar  about  seven  inches, 
and  the  sacrum  and  coccyx  the  remainder. 

FialL-O-Lateralvlewof  lh«8plne.  '^^^  f*'™*'"  "P'^^  '^  about"oDe  inch  leSS  than 

the  male. 
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Viewed  in  front,  it  presents  two  pyramids  joined  together  at  their  bases,  the 
upper  one  being  formed  by  all  the  vertebrae  from  the  second  cervical  to  the  last 
lumbar,  the  lower  one  by  the  sacrum  and  coccyx.  When  examined  more  closely, 
the  upper  pyramid  is  seen  to  be  formed  of  three  smaller  pyramids.  The  upper- 
most of  these  consists  of  the  six  lower  cervical  vertebrae,  its  apex  being  formed  by 
the  axis  or  second  cervical,  its  base  by  the  first  dorsal.  The  second  pyramid, 
which  is  inverted,  is  formed  by  the  four  upper  dorsal  vertebrae,  the  base  being  at 
the  first  dorsal,  the  smaller  end  at  the  fourth.  The  third  pyramid  commences  at 
the  fourth  dorsal,  and  gradually  increases  in  size  to  the  fifth  lumbar. 

Viewed  laterally  (Fig.  129),  the  spinal  column  presents  several  curves,  which 
correspond  to  the  diiferent  regions  of  the  column,  and  are  called  cervical^  dorsal^ 
lumbar^  and  pelvic.  The  cervical  curve  commences  at  the  apex  of  the  odontoid 
process,  and  terminates  at  the  middle  of  the  second  dorsal  vertebra ;  it  is  convex 
in  front,  and  is  the  least  marked  of  all  the  curves.  The  dorsal  curve,  which  is 
concave  forward,  commences  at  the  middle  of  the  second,  and  terminates  at  the 
middle  of  the  twelfth  dorsal.  Its  most  prominent  point  behind  corresponds  to 
the  spine  of  the  seventh  dorsal  vertebra.  The  lumbar  curve  commences  at  the 
middle  of  the  last  dorsal  vertebra,  and  terminates  at  the  sacro-vertebral  angle. 
It  is  convex  anteriorly ;  the  convexity  of  the  lower  three  vertebrae  being  much 
greater  than  that  of  the  upper  ones.  The  pelvic  curve  commences  at  the  sacro- 
vertebral  articulation  and  terminates  at  the  point  of  the  coccyx.  It  is  concave 
anteriorly.  The  dorsal  and  pelvic  curves  are  the  primary  curves,  and  begin  to 
be  formed  at  an  early  period  of  foetal  life,  and  are  due  to  the  shape  of  the  bodies 
of  the  vertebrae.  The  cervical  and  lumbar  curves  are  compensatory  or  secondary, 
and  are  developed  after  birth  in  order  to  maintain  the  erect  position.  They  are 
due  mainly  to  the  shape  of  the  intervertebral  disks. 

The  spine  has  also  a  slight  lateral  curvature,  the  convexity  of  which  is 
directed  toward  the  right  side.  This  is  most  probably  produced,  as  Bichat  first 
explained,  chiefly  by  muscular  action,  most  persons  using  the  right  arm  in  prefer- 
ence to  the  left,  especially  in  making  long-continued  eiforts,  when  the  body  is 
curved  to  the  right  side.  In  support  of  this  explanation  it  has  been  found  by 
B^clard  that  in  one  or  two  individuals  who  were  left-handed  the  lateral  curvature 
was  directed  to  the  left  side. 

The  spinal  column  presents  for  examination  an  anterior,  a  posterior,  and  two 
lateral  surfaces ;  a  base,  summit,  and  spinal  canal. 

The  anterior  surface  presents  the  bodies  of  the  vertebrae  separated  in  the 
recent  state  by  the  intervertebral  disks.  The  bodies  are  broad  in  the  cervical 
region,  narrow  in  the  upper  part  of  the  dorsal,  and  broadest  in  the  lumbar  region. 
The  whole  of  this  surface  is  convex  transversely,  concave  from  above  downward  in 
the  dorsal  region,  and  convex  in  the  same  direction  in  the  cervical  and  lumbar 
regions. 

The  posterior  surface  presents  in  the  median  line  the  spinous  processes.  These 
are  short,  horizontal,  with  bifid  extremities,  in  the  cervical  region.  In  the  dorsal 
region  they  are  directed  obliquely  above,  assume  almost  a  vertical  direction  in  the 
middle,  and  are  horizontal  below,  as  are  also  the  spines  of  the  lumbar  vertebr<Te. 
They  are  separated  by  considerable  intervals  in  the  loins,  by  narrower  intervals 
in  the  neck,  and  are  closely  approximated  in  the  middle  of  the  dorsal  region. 
Occasionally  one  of  these  processes  deviates  a  little  from  the  median  line — a  fact 
to  be  remembered  in  practice,  as  irregularities  of  this  sort  are  attendant  also  on 
fractures  or  displacements  of  the  spine.  On  either  side  of  the  spinous  processes, 
extending  the  whole  length  of  the  column,  is  the  vertebral  groove  formed  by  the 
laminae  in  the  cervical  and  lumbar  regions,  where  it  is  shallow,  and  by  the  laminae 
and  transverse  processes  in  the  dorsal  region,  where  it  is  deep  and  broad.  In 
the  recent  state  these  grooves  lodge  the  deep  muscles  of  the  back.  External  to 
the  vertebral  grooves  are  the  articular  processes,  and  still  more  externally  the 
transverse  process.     In  the  dorsal  region  the  latter  processes  stand  backward,  on 


164  THE  SKELETON. 

a  plane  considerably  posterior  to  the  same  processes  in  the  cervical  and  lumbar 
regions.  In  the  cervical  region  the  transverse  processes  are  placed  in  front  of  the 
articular  processes,  and  on  the  outer  side  of  the  pedicles,  between  the  interver- 
tebral foramina.  In  the  dorsal  region  they  are  posterior  to  the  pedicles,  interver- 
tebral foramina,  and  articular  processes.  In  the  lumbar  they  are  placed  also  in 
front  of  the  articular  processes,  but  behind  the  intervertebral  foramina. 

The  lateral  surfskces  are  separated  from  the  posterior  by  the  articular  processes 
in  the  cervical  and  lumbar  regions,  and  by  the  transverse  processes  in  the  dorsal. 
These  surfaces  present  in  front  the  sides  of  the  bodies  of  the  vertebrae,  marked  in 
the  dorsal  region  by  the  facets  for  articulation  with  the  heads  of  the  ribs.  More 
posteriorly  are  the  intervertebral  foramina,  formed  by  the  juxtaposition  of  the 
intervertebral  notches,  oval  in  shape,  smallest  in  the  cervical  and  upper  part  of 
the  dorsal  regions,  and  gradually  increasing  in  size  to  the  last  lumbar.  They  are 
situated  between  the  transverse  processes  in  the  neck,  and  in  front  of  them  in  the 
bsick  and  loins,  and  transmit  the  spinal  nerves. 

The  base  of  that  portion  of  the  vertebral  column  formed  by  the  twenty-four 
movable  vertebrae  is  formed  by  the  under  surface  of  the  body  of  the  fifth  lumbar 
vertebra ;  and  the  summit  by  the  upper  surface  of  the  atlas. 

The  vertebral  or  spinal  canal  follows  the  different  curves  of  the  spine ;  it  is 
largest  in  those  regions  in  which  the  spine  enjoys  the  greatest  freedom  of  move- 
ment, as  in  the  neck  and  loins,  where  it  is  wide  and  triangular ;  and  narrow  and 
rounded  in  the  back,  where  motion  is  more  limited. 

Surface  Form. — The  only  part  of  the  vertebral  column  which  lies  closely  under  the  skin, 
and  so  directly  influences  surface  form,  is  the  apices  of  the  spinous  processes.  These  are  always 
distinguishable  at  the  bottom  of  a  median  furrow,  which,  more  or  less  evident,  runs  down  the 
mesial  line  of  the  back  from  the  external  occipital  protuberance  above  to  the  middle  of  the 
sacrum  below.  In  the  neck  the  furrow  is  broad^  and  terminates  below  in  a  conspicuous  projec- 
tion, which  is  caused  by  the  spinous  process  of  the  seventh  cervical  vertebra  (vertebra  promi- 
nens).  Above  this  the  spinous  process  of  the  sixth  cervical  vertebra  may  sometimes  be  seen ; 
the  other  cervical  spines  are  sunken,  and  are  not  visible,  though  the  sj)ine  of  the  axis  can  be 
felt,  and  generally  also  the  spines  of  the  third,  fourth,  and  fifth  cervical  vertebrae.  In  the 
dorsal  region  the  furrow  is  shallow,  and  during  stooping  disappears,  and  then  the  spinous  pro- 
cesses become  more  or  less  visible.  The  markings  produced  by  these  spines  are  small  and  close 
together.  In  the  lumbar  region  the  furrow  is  deep,  and  the  situation  of  the  lumbar  spines  is 
frequently  indicated  by  little  pits  or  depressions,  especially  if  the  muscles  in  the  loins  are  well 
developed  and  the  spine  incurved.  They  are  much  larger  and  farther  apart  than  in  the  dorsal 
region.  In  the  sacral  region  the  furrow  is  shallower,  presenting  a  flattened  area  which  terminates 
below  at  the  most  prominent  part  of  the  posterior  surface  of  the  sacrum,  formed  by  the  spinous 
process  of  the  third  sacral  vertebra.  At  the  bottom  of  the  furrow  may  be  felt  the  irregular 
posterior  surface  of  the  bone.  Below  this,  in  the  deep  groove  leading  to  the  anus,  the  coccyx 
may  be  felt.  The  only  other  portions  of  the  vertebral  column  which  can  be  felt  from  the  surface 
are  the  transverse  processes  ot  three  of  the  cervical  vertebrae — viz.  the  first,  the  sixth,  and  the 
seventh.  The  transverse  process  of  the  atlas  can  be  felt  as  a  rounded  nodule  of  bone  just  below 
and  in  front  of  the  apex  of  the  mastoid  process,  along  the  anterior  border  of  the  sterno-mastoid. 
The  transverse  process  of  the  sixth  cervical  vertebra  is  of  surgical  importance.  If  deep  pressure 
be  made  in  the  neck  in  the  course  of  the  carotid  artery,  opposite  the  cricoid  cartilage,  the 
prominent  anterior  tubercle  of  the  transverse  process  of  the  sixth  cervical  vertebra  can  be  felt. 
This  has  been  named  Chasaaignacs  tvherck^  and  against  it  the  carotid  artery  may  be  most 
conveniently  compressed  by  the  finger.  The  transverse  process  of  the  seventh  cervical  vertebra 
can  also  often  be  felt.  Occasionally  the  anterior  root,  or  costal  process,  is  large  and  segmented 
ofi",  forming  a  cervical  rib. 

Surgical  Anatomy. — Occasionally  the  coalescence  of  the  laminae  is  not  completed,  and  con- 
sequently a  cleft  is  left  in  the  arches  of  the  vertebrae,  through  which  a  protrusion  of  the  spinal 
membranes  (dura  mater  and  arachnoid),  and  sometimes  of  the  spinal  cord  itself,  takes  place, 
constituting  the  disease  known  TBiSspuui  bifida.  This  disea.se  is  most  common  in  the  lumbo-sacral 
region,  on  account  of  the  fact,  previously  stated,  that  the  closure  of  the  arches  takes  place 
gradually  from  above  downward  ;  but  it  may  occur  in  the  dorsal  or  cervical  region,  or  the  arches 
throughout  the  whole  length  of  the  canal  may  remain  unapproximated.  In  some  rare  cases,  in 
consequence  of  the  non-coalescence  of  the  two  primary  centres  from  which  the  body  is  formed, 
a  similar  condition  may  occur  in  front  of  the  canal,  the  bodies  of  the  vertebrae  being  found  cleflb 
and  the  tumor  projecting  into  the  thorax,  abdomen,  or  pelvis,  between  the  lateral  halves  of  the 
bodies  affected. 

The  construction  of  the  spinal  column  of  a  number  of  pieces,  securely  connected  together 
and  enjoying  only  a  slight  degree  of  movement  between  any  two  individual  pieces,  though  per- 
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mitting  of  a  very  considerable  range  of  movement  as  a  whole,  allows  a  sufficient  degree  of 
mobility  without  any  material  diminution  of  strength.  The  many  joints  of  which  the  spine  is 
eompoeed,  together  with  the  very  varied  movements  to  which  it  is  subjected,  render  it  hable  to 
sprains ;  but  so  closely  are  the  individual  vertebrae  articulated  that  these  sprains  are  rarely  or 
ever  severe,  and  any  amount  of  violence  sufficiently  great  to  produce  tearing  of  the  ligaments 
would  tend  rather  to  cause  a  dislocation  or  firacture.  The  ftirther  safety  of  the  column  and  its 
less  liability  to  iiyury  is  provided  for  by  its  disposition  in  curves,  instead  of  in  one  straight  line. 
For  it  is  an  elastic  column,  and  must  first  bend  before  it  breaks :  under  these  circumstances, 
being  made  up  of  three  curves,  it  represents  three  columns,  and  greater  force  is  required  to  pro- 
duce bending  of  a  short  column  than  of  a  longer  one  that  is  equal  to  it  in  breadth  and  material. 
A^ain,  the  safety  of  the  column  is  nrovided  for  by  the  interposition  of  the  intervertebral  disk 
between  the  bodies  of  the  vertebrae,  which  act  as  admirable  buffers  in  counteracting  the  effects  of 
violent  jars  or  shocks.  Fracture-dislocation  of  the  spine  may  be  caused  by  direct  or  indirect 
violence,  or  by  a  combination  of  the  two,  as  when  a  person,  falling  from  a  height,  strikes  against 
some  prominence  and  is  doubled  over  it.  The  fractures  from  indirect  violence  are  the  more  com- 
mon, and  here  the  bodies  of  the  vertebrae  are  compressed,  whilst  the  arches  arc  torn  asunder  ; 
whilst  in  fractures  from  direct  violence  the  arches  are  compressed  and  the  bodies  of  the  vertebrae 
separated  from  each  other.  It  will  therefore  be  seen  that  in  both  classes  of  injuiy  the  spinal 
marrow  is  the  part  least  likely  to  be  injured,  and  may  escape  damage  even  where  there  has  been 
considerable  lesion  of  the  bony  framework.  For,  as  Mr.  Jacobson  states.  *' being  lodged  in  the 
centre  of  the  column,  it  occupies  neutral  ground  in  respect  to  forces  which  might  cause  fracture. 
For  it  is  a  law  in  mechanics  that  when  a  beam,  as  of  timber,  is  exposed  to  oreakage  and  the 
force  does  not  exceed  the  limits  of  the  strength  of  the  material,  one  division  resists  compression. 
another  laceration  of  the  particles,  while  the  third,  between  the  two,  is  in  a  negative  condition."'* 
Applying  this  principle  to  the  spine,  it  will  be  seen  that,  whether  the  fracture-dislocation  be  pro- 
duced by  direct  violence  or  indirect,  one  segment,  either  the  anterior  or  posterior,  will  be  exposed 
to  com()ression,  the  other  to  laceration,  and  the  intermediate  part,  where  the  cord  is  situated, 
will  be  in  a  neutral  state.  When  a  fracture-dislocation  is  produced  by  indirect  violence  the  dis- 
placement is  almost  always  the  same,  the  upper  segment  Being  driven  forward  on  the  lower,  so 
that  the  cord  is  compressed  between  the  body  of  the  vertebra  below  and  the  arch  of  the  vertebra 
above. 

The  parts  of  the  spine  most  liable  to  be  injured  are  (1)  the  dorsi-lumbar  region,  for  this  part 
is  near  the  middle  of  tne  column,  and  there  is  therefore  a  greater  amount  of  leverage,  and  more- 
over the  portion  above  is  comparatively  fixed,  and  the  vertebrae  which  form  it,  though  much 
smaller,  nave  nevertheless  to  bear  almost  as  great  a  weight  as  those  below ;  (2)  the  cervico-dorsal 
region,  because  here  the  flexible  cervical  portion  of  the  spine  joins  the  more  fixed  dorsal  region ; 
and  (3)  the  alto-axoid  region,  because  it  enjoys  an  extensive  range  of  movement,  and,  being 
near  the  skull,  is  influenced  by  violence  applied  to  the  head.  In  fracture-dislocation  it  has  been 
proposed  to  trephine  the  spine  and  remove  portions  of  the  laminae  and  spinous  processes.  The 
operation  can  only  be  of  use  when  the  paralysis  is  due  to  the  pressure  of  bone  or  the  effusion  of 
Mood,  and  not  to  cases,  which  are  by  far  the  most  common,  where  the  cord  is  crushed  to  a  pulp. 
And  even  in  those  cases  where  the  cord  is  compressed  by  bone  the  portion  of  displaced  bone 
which  presses  on  the  cord  is  generally  the  body  or  the  vertebra  below^  and  is  therefore  inaccess- 
ible to  operation.  The  operative  proceeding  is  one  of  great  severity,  mvolving  an  extensive  and 
deep  wound  and  great  risk  of  septic  meningitis,  and,  as  the  advantages  to  be  derived  from  it  are 
exceedingly  problematical  and  confined  to  a  very  few  cases,  it  is  not  oflen  resorted  to.  Trephin- 
ing has  also  been  resorted  to  in  some  cases  of  paraplegia  due  to  Pott's  disease  of  the  spine. 
Here  the  paralvsis  is  due  to  the  pressure  of  inflammatory  products,  and  where  this  is  new  scar- 
tiasoe,  formed  bv  the  organization  of  granulation  tissue,  its  removal  has  been  attended  with  a 
very  considerable  amount  of  success. 

THE   SKULL. 

The  Skull,  or  superior  expansion  of  the  vertebral  column,  has  been  described 
as  if  composed  of  four  vertebrae,  the  elementary  parts  of  which  are  specially 
modified  in  form  and  size,  and  almost  immovably  connected,  for  the  reception  of 
the  brain  and  special  organs  of  the  senses.  These  vertebrae  are  the  occipital, 
parietal,  frontal,  and  nasal.  Descriptive  anatomists,  however,  divide  the  skull 
into  two  parts,  the  Cranium  and  the  Face.  The  Cranium  (xpduoCy  a  helmet)  is 
composed  of  eight  bones — viz.  the  occipital^  two  parietal^  frontal^  two  temporal^ 
*phenotdj  and  ethmoid.  The  Face  is  composed  of  fourteen  bones — viz.  the  two 
Ha$al^  two  superior  maxillary^  two  lachrymal^  two  malar,  two  palate,  two  inferior 
turbinated,  vomer,  and  inferior  maxillary.  The  ossiculi  auditHa,  the  teetJi,  and 
Wormian  bones  are  not  included  in  this  enumeration. 

'  Holmes^s  System  of  Surgery,  vol.  i.  p.  529,  1883. 
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Oranium,  8  bonet . 


The  Occipital  Bone  ' 


'  Occipital, 
Two  Parietal. 
Frontal. 
Two  Temporal. 
Sphenoid. 
Ethmoid. 
Two  Nasal. 

Two  Superior  Maxillary. 
Two  Lachrymal. 
Two  Malar. 
Two  Palate. 

Two  Inferior  Turbinated. 
Vomer. 
Inferior  Maxillary. 


THE  ORAHIDU. 
The  Occipital  Bone. 
>6,  caput,  against  the  head)  is  situated  at  the  back  part 


FiQ,  130,— Occlpluil  bone.    Outt>r  BUrfncv. 

and  base  of  the  cranium,  is  trapezoid  in  form  (Fig.  130),  curved  upon  itself,  and 
presents  for  examination  two  surfaces,  four  borders,  and  four  angles. 

The  external  surface  is  convex.  Midway  between  the  summit  of  the  bone  and 
the  posterioi-  margin  of  the  foramen  magnum  is  a  prominent  tubercle,  the  external 
occipital  protubermiee,  for  the  attachment  of  the  Ligamentum  nuchie ;  and, 
descending  from  it  as  far  as  the  foramen,  a  vertical  ridge,  the  external  occipital 
erflt/t.  This  tubercle  and  crest  vary  in  prominence  in  different  skulls.  Passing 
outward  from  the  occipital  protuberance  is  a  semicircular  ridge  on  each  side,  the 
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mperior  curved  line.  Above  this  line  there  is  often  a  second  less  distinctly  marked 
ridge,  called  the  highest  curved  line  {linea  supremo) ;  to  it  the  epicranial  aponeurosis 
is  attached.  The  bone  between  these  two  lines  is  smoother  and  denser  than  the 
rest  of  the  surface.  Running  parallel  with  these  from  the  middle  of  the  crest  is 
another  semicircular  ridge  on  each  side,  the  inferior  cw^ed  lines.  The  surface  of 
the  bone  above  the  superior  curved  lines  is  rough»and  porous,  and  in  the  recent 
state  is  covered  by  the  Occipito-frontalis  muscle,  while  the  ridges,  as  well  as  the 
surface  of  the  bone  between  them,  serve  for  the  attachment  of  numerous  muscles. 
The  superior  curved  line  gives  attachment  internally  to  the  Trapezius,  externally 
to  the  muscular  origin  of  the  Occipito-frontalis,  and  to  the  Sterno-cleido-mastoid 
to  the  extent  shown  in  Fig.  130 ;  the  depressions  between  the  curved  lines  to  the 
Complexus  internally,  the  Splenius  capitis  and  Obliquus  capitis  superior  exter- 
nally. The  inferior  curved  line  and  the  depressions  below  it  afford  insertion  to 
the  Rectus  capitis  posticus,  major  and  minor. 

The  foramen  magnum  is  a  large,  oval  aperture,  its  long  diameter  extending  from 
before  backward.  It  transmits  the  medulla  oblongata  and  its  membranes,  the 
spinal  accessory  nerves,  the  vertebral  arteries,  the  anterior  and  posterior  spinal 
arteries,  and  the  occi  pi  to-axial  ligaments.  Its  back  part  is  wide  for  the  transmis- 
sion of  the  medulla,  and  the  corresponding  margin  rough  for  the  attachment  of  the 
dura  mater  enclosing  it ;  the  fore  part  is  narrower,  being  encroached  upon  by  the 
condyles ;  it  has  projecting  toward  it,  from  below,  the  odontoid  process,  and  its 
margins  are  smooth  and  bevelled  internally  to  support  the  medulla  oblongata.  On 
each  side  of  the  foramen  magnum  are  the  condyles^  for  articulation  with  the  atlas ; 
they  are  convex,  oblong,  or  reniform  in  shape,  and  directed  downward  and  out- 
ward ;  they  converge  in  front,  and  encroach  slightly  upon  the  anterior  segment  of 
the  foramen.  On  the  inner  border  of  each  condyle  is  a  rough  tubercle  for  the 
attachment  of  the  ligaments  {check)  which  connect  this  bone  with  the  odontoid 
process  of  the  axis ;  whilst  external  to  them  is  a  rough  tubercular  prominence, 
the  transverse  or  Jugular  process  (the  representative  of  the  transverse  process  of  a 
vertebra),  channelled  in  front  by  a  deep  notch,  which  forms  part  of  the  jugular 
foramen  or  foramen  lacerum  posterius.  The  under  surface  of  this  process  presents 
an  eminence  which  represents  the  paramastoid  process  of  some  mammals.  The 
eminence  is  occasionally  large,  and  extends  as  low  as  the  transverse  process  of  the 
atlas.  This  surface  affords  attachment  to  the  Rectus  capitis  lateralis  muscle  and 
to  the  lateral  occipito-atlantal  ligament ;  its  upper  or  cerebral  surface  presents  a 
deep  groove  which  lodges  part  of  the  lateral  sinus,  whilst  its  external  surface  is 
marked  by  a  quadrilateral  rough  facet,  covered  with  cartilage  in  the  fresh  state,  and 
articulating  with  a  similar  surfece  on  the  petrous  portion  of  the  temporal  bone.  On 
the  outer  side  of  each  condyle,  near  its  fore  part,  is  a  foramen,  the  anterior  con- 
djfloid ;  it  is  directed  downward,  outward,  and  forward,  and  transmits  the  hypo- 
glossal nerve,  and  occasionally  a  meningeal  branch  of  the  ascending  pharyngeal 
artery.  This  foramen  is  sometimes  double.  Behind  each  condyle  is  a  fossa,*^  some- 
times perforated  at  the  bottom  by  a  foramen,  the  posterior  condyloid^  for  the  trans- 
mission of  a  vein  to  the  lateral  sinus.  In  front  of  the  foramen  magnum  is  a  strong 
quadrilateral  plate  of  bone,  the  basilar  process^  wider  behind  than  in  front;  its 
under  surface,  which  is  rough,  presenting  in  the  median  line  a  tubercular  ridge, 
the  pharyngeal  spine,  for  the  attachment  of  the  tendinous  raphe  and  Superior 
constrictor  of  the  pharynx ;  and  on  each  side  of  it  rough  depressions  for  the 
attachment  of  the  Rectus  capitis  anticus,  major  and  minor. 

The  Internal  or  Oerebral  Surface  (Fig.  131)  is  deeply  concave.  The  posterior 
or  occipital  part  is  divided  by  a  crucial  ridge  into  four  fossae.  The  two  superior 
fossa  receive  the  occipital  lobes  of  the  cerebrum,  and  present  slight  eminences 
and  depressions  corresponding  to  their  convolutions.  The  two  inferior,  which 
receive  the  hemispheres  of  the  cerebellum,  are  larger  than  the  former,  and  com- 

^  This  foisfsa  presents  many  variations  in  size.  It  is  usually  shallow,  and  the  foramen  small ;  occa- 
sonallT  wanting  on  one  or  both  sides.  Sometimes  both  fossa  and  foramen  are  large,  but  confined  to 
one  side  only ;  more  rarely,  the  fossa  and  foramen  are  very  large  on  both  sides. 
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paratively  smooth ;  both  are  marked  by  slight  grooves  for  the  lodgment  of  arteries. 
At  the  point  of  meeting  of  the  four  divisions  of  the  crucial  ridge  is  an  eminence, 
the  internal  occipital  protuberance.  It  nearly  correaponda  to  that  on  the  outer 
surface,  and  is  perforated  by  one  or  more  large  vascular  foramina.  From  this 
eminence  the  superior  division  of  the  crucial  ridge  runs  upward  to  the  superior 
angle  of  the  bone  ;  it  presents  a  deep  groove  for  the  superior  longitudinal  sinus, 
the  margins  of  which  give  attachment  to  the  falx  cerebri.  The  inferior  division, 
the  internal  occipital  crest,  runs  to  the  posterior  margin  of  the  foramen  magnum, 

Suptrivr  anglt. 


on  the  edge  of  which  it  becomes  gratlually  lost ;  this  ridge,  which  is  bifurcated 
below,  serves  for  the  attachment  of  the  falx  cerebelli.  It  is  usually  marked  by  a. 
single  groove,  which  commences  at  the  back  part  of  the  foramen  magnum  and 
lodges  the  occipital  sinus.  Occasionally  the  groove  is  double  where  two  sinuses 
exist.  The  transverse  grooves  pass  outward  to  the  lateral  angles ;  they  are  deeply 
channelled,  for  the  lodgment  of  the  lateral  sinuses,  their  prominent  margins  afford- 
ing attachment  to  the  tentorium  cerebelli.'  At  the  point  of  meeting  of  these 
grooves  is  a  depression,  the  torcular  HeropktU.*  placed  a  little  to  one  or  the  other 
side  of  the  internal  occipital  protuberance.  More  anteriorly  is  the  foramen  mag- 
num, and  on  each   side  of  it,  but  nearer  its  anterior  than  its  posterior  part,  the 

'  Usually  one  of  the  transverse  (triKives  i>i  ileeper  am]  limader  than  tlie  other ;  occasionally,  both 
grooves  are  of  equal  depth  nnd  breadlh,  fir  both  etjually  inrliistinct.  The  broader  of  the  two  traiiBverse 
groove"  is  nearly  nlwnve  oontiiinous  with  the  vertmil  Kroove  for  the  superior  longitudinal  sinus. 

'The  ooliiinnaof  blood  coming  in  dillerenl  direcliona  weresuppoHed  to  he  j/raatd  together  at  this 
point  [lorcalar,  a  wine-press). 
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internal  openings  of  the  anterior  condyloid  foramina ;  the  internal  openings  of  the 
posterior  condyloid  foramina  are  a  little  external  and  posterior  to  them,  protected 
by  a  small  arch  of  bone.  At  this  part  of  the  internal  surface  there  is  a  very  deep 
groove  in  which  the  posterior  condyloid  foramen,  when  it  exists,  has  its  termina- 
tion. This  groove  is  continuous,  in  the  complete  skull,  with  the  transverse  groove 
on  the  posterior  part  of  the  bone,  and  lodges  the  end  of  the  same  sinus,  the  lateral. 
In  front  of  the  foramen  magnum  is  the  basilar  process,  presenting  a  shallow 
depression,  the  basilar  groove^  which  slopes  from  behind,  upw^ard  and  forward, 
and  supports  the  medulla  oblongata  and  part  of  the  pons  Varolii,  and  on  each  side 
of  the  basilar  process  is  a  narrow  channel,  which,  when  united  with  a  similar 
channel  on  the  petrous  portion  of  the  temporal  bone,  forms  a  groove  which  lodges 
the  inferior  petrosal  sinus. 

Angles. — The  superior  angle  is  received  into  the  interval  between  the  posterior 
superior  angles  of  the  two  parietal  bones :  it  corresponds  with  that  part  of  the 
skull  in  the  foetus  which  is  called  the  posterior  fontanelle.  The  inferior  angle  is 
represented  by  the  square-shaped  surface  of  the  basilar  process.  At  an  early 
period  of  life  a  layer  of  cartilage  separates  this  part  of  the  bone  from  the  sphenoid, 
but  in  the  adult  the  union  between  them  is  osseous.  The  lateral  angles  corre- 
spond to  the  outer  ends  of  the  transverse  grooves,  and  are  received  into  the  interval 
between  the  posterior  inferior  angles  of  the  parietal  and  the  mastoid  portion  of 
the  temporal. 

Borders. — The  superior  border  extends  on  each  side  from  the  superior  to  the 
lateral  angle,  is  deeply  serrated  for  articulation  with  the  parietal  bone,  and  forms, 
by  this  union,  the  lambdoid  suture.  The  inferior  border  extends  from  the  lateral 
to  the  inferior  angle ;  its  upper  half  is  rough,  and  articulates  with  the  mastoid  por- 
tion of  the  temporal,  forming  the  masto-occipital  suture ;  the  inferior  half  articu- 
lates with  the  petrous  portion  of  the  temporal,  forming  the  petro-occipital  suture ; 
these  two  portions  are  separated  from  one  another  by  the  jugular  process.  In 
front  of  this  process  is  a  deep  notch,  which,  with  a  similar  one  on  the  petrous  por- 
tion of  the  temporal,  forms  the  foramen  lacerum  posterius  or  jugular  foramen. 
This  notch  is  occasionally  subdivided  into  two  parts  by  a  small  process  of  bone, 
and  it  generally  presents  an  aperture  at  its  upper  part,  the  internal  opening  of 
the  posterior  condyloid  foramen. 

Stmctnre. — The  occipital  bone  consists  of  two  compact  laminae,  called  the 
outer  and  inner  tables^  having  between  them  the  diploic  tissue ;  this  bone  is  espe- 
cially thick  at  the  ridges,  protuberances,  condyles,  and  internal  part  of  the  basilar 
process ;  whilst  at  the  bottom  of  the  fossae,  especially  the  inferior,  it  is  thin,  semi- 
transparent,  and  destitute  of  diploe. 

Development.  (Fig.  132). — At  birth  the  bone  consists  of  four  distinct  parts  :  a 
tabular  or  expanded  portion,  which  lies  behind  the  foramen  magnum ;  two  con- 
dylar parts,  which  form  the  sides  of  the  foramen ;  and  a  basilar  part,  which  lies  in 
front  of  the  foramen.     The  number 
of  nuclei  for  the  tabular  part  vary. 
As  a  rule,  there  are  four,  but  there 
may  be   only  one  (Blandin)   or   as 
many  as  eight  (Meckel).     They  ap- 
pear about  the  eighth  week  of  foetal 
life,  and  soon  unite  to  form  a  single 
piece,  which  is,  however,  fissured  in 
the  direction  indicated  in  the  plate. 
The  basilar  and  two  condyloid  por- 
tions are   each    developed    from   a 
i^ingle  nucleus,  which  appears  a  lit- 
tle later.     The  upper  portion  of  the 
tabular  surface — that  is  to  sav,  the 
portion  above  the  transverse  fissure 
— ^is  developed  from  membrane ;  the  rest  of  the  bone  is  developed  from  cartilage. 


At  hirth 

the  4  pieces 

separate. 


4  for  occipitai 
portion. 


1  for  each  condyloid 
portion. 


I: 

8 


-^      1  for  basilar  portion. 
Fig.  132.— Development  of  occipital  bone.    By  seven  centres 
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At  about  the  fourth  year  the  tabular  and  the  two  con(}yloid  pieces  jniii.  and  about 
the  sixth  year  the  bone  consists  of  a  single  piece.  At  a  later  period,  between  the 
eighteenth  and  twenty-fifth  years,  the  occipital  and  sphenoid  become  united,  form- 
ing a  single  bone. 

Artlcnlstionfl. — With  six  bones :  two  parietal,  two  temporal,  sphenoid,  and 
atlas. 

Attachment  of  Hnscles. — To  twelve  pairs :  to  the  superior  curved  line  are 
attached  the  Occi  pi to-fron talis,  Trapezius,  and  Sterno-cleido-mastoid.  To  the 
space  between  the  curved  lines,  the  Complexus,'  Splenius  capitis,  and  Obliquus 
capitis  superior ;  to  the  inferior  curved  line,  and  the  space  between  it  and  the 
foramen  magnum,  the  Rectus  capitis  posticus,  major  and  minor;  to  the  transverse 
process,  the  Rectus  capitis  lateralis  ;  and  to  the  basilar  process,  the  Rectus  capitis 
anticus,  major  and  minor,  and  Superior  constrictor  of  the  pharynx. 

The  Parietal  Bones. 

The  Parietal  Bonei  {paries,  a  wall)  form,  by  their  union,  the  sides  and  roof  of 
the  skull.  Each  bone  is  of  an  irregular  quadrilateral  form,  and  presents  for 
examination  two  surfaces,  four  borders,  and  four  angles. 

Bnrfoces. — The  extema/ gwrface  (Fig.  133)  is  convex,  smooth,  and  marked  about 
its  centre  by  an  eminence  called  the  parietal  emintnce,  which  indicates  the  point 


Fig.  1S3.— Luft  paiiiilMl  bont'.    ExtemHl  surface. 

where  ossification  commenced.  Crossing  the  middle  of  the  bone  in  an  arched 
direction  are  two  well-marked  curved  lines  or  ridges,  of  which  the  lower  is  the 
more  distinct  and  is  termed  the  temporal  ridge;  it  marks  the  upper  attachment  of 
the  temporal  muscle  and  follows  a  semicircular  course  across  the  bone.  The  upper 
ridge  is  less  marked,  and  pursues  a  similar  course  across  the  bone,  but  about  two- 
'  To  these  (lie  BivenWr  cervicis  sliimld  he  ndileil,  if  il  is  re^nted  as  a  separate  muscle. 
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fifihs  of  an  inch  above  tie  temporal  ridge ;  it  marks  the  attachment  of  the  temporal 
fnscia.  Above  these  ridges  the  surface  of  the  bone  is  rough  and  porous,  and 
covered  by  the  aponeurosis  of  the  Occi  pi  to-frontal  is ;  between  them  the  bone  is 
smoother  and  more  polished  than  the  rest ;  below  them  the  bone  forms  part  of 
the  temporal  fossa,  and  affords  attachment  to  the  temporal  muscle.  At  the  back 
part  of  the  superior  border,  close  to  the  sagittal  suture,  is  a  small  foramen,  the 
parietal  foramen,  which  transmits  a  vein  to  the  superior  longitudinal  sinus,  and 
S'imetimes  a  small  branch  of  the  occipital  artery.  Its  existence  is  not  constant, 
and  its  size  varies  considerably. 

The  internal  surface  (Fig.  134),  concave,  presents  eminences  and  depressions 
for  lodging  the  convolutions  of  the  cerebrum  and  numerous  furrows  for  the  rami- 
fications of  the  meningeal  arteries ;  the  latter  run  upward  and  backward  from  the 


Pm.  134.— Left  parieUl  bone.    Internal  surface. 

r  inferior  angle  and  from  the  central  and  posterior  part  of  the  lower  border 
of  the  bone.  Along  the  upper  margin  is  part  of  a  shallow  groove,  which,  when 
joined  to  the  opposite  parietal,  forms  a  channel  for  the  superior  longitudinal 
sinus,  the  elevated  edges  of  which  afford  attachment  to  the  falx  cerebri.  Near 
the  groove  are  seen  several  depression.s.  especially  in  the  skulls  of  old  persons; 
they  lodge  the  Pacchionian  bodies.  The  internal  opening  of  the  parietal  foramen 
is  Jso  seen  when  that  aperture  exists. 

Borders. — The  superior,  the  longest  and  thickest,  is  dentated  to  articulate  with 
it*  fellow  of  the  opposite  side,  forming  the  sagittal  suture.  The  ivferior  is  divided 
into  three  parts :  of  these,  the  anterior  is  thin  and  pointed,  bevelled  at  the  expense 
uf  the  oater  surface,  and  overlapped  by  the  tip  of  the  great  wing  of  the  sphenoid  ; 
iht  middle  portion  is  arched,  bevelled  at  the  expense  of  the  outer  surface,  and 
overlapped  by  the  squamous  portion  of  the  temporal ;  the  posterior  portion  is  thick 
snd  serrated  for  articulation  with  the  mastoid  portion  of  the  temporal.  The 
aiUfrior  border,  deeply  serrated,  is  bevelled  at  the  expense  of  the  outer  surface 
above  and  of  the  inner  below ;  it  articulates  with  the  frontal  bone,  forming  the 
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coronal  suture.  The  pogterior  border,  deeply  denticulated,  articulates  with  the 
occipital,  forming  the  lambdoid  tuture. 

Angles. — The  anterior  superior  angle,  thin  and  pointed,  corresponds  with  that 
portion  of  the  skull  which  in  the  foetus  is  memhranous  and  is  called  the  anterior 
fontanelle.  The  anterior  inferior  angle  is  thin  and  lengthened,  being  received  in 
the  interval  between  the  great  wing  of  the  sphenoid  and  the  frontal.  Its  inner 
surface  is  marked  by  a  deep  groove,  sometimes  a  canal,  for  the  anterior  branch  of 
the  middle  meningeal  artery.  The  posterior  superior  angle  corresponds  with  the 
junction  of  the  sagittal  and  lambdoid  sutures.  In  the  ftetus  this  part  of  the  skull 
is  membranous,  and  is  called  the  posterior  fontanelle.  The  posterior  inferior  angle 
articulates  with  the  mastoid  portion  of  the  temporal  bone,  and  generally  presents 
on  its  inner  surface  a  broad,  shallow  groove  for  lodging  part  of  the  lateral  sinus. 

Development. — The  parietal  bone  is  formed  in  membi'ane,  being  developed  by 
OTie  centre,  which  corresponds  with  the  parietal  eminence,  and  makes  its  first 
appearance  about  the  seventh  or  eighth  week  of  foetal  life.  OssiBcation  gradually 
extends  from  the  centre  to  the  circumference  of  the  hone:  the  angles  are  conse- 
quently the  parts  last  formed,  and  it  ia  in  their  situation  that  the  fontanellea  exist 
previous  to  the  completion  of  the  growth  of  the  bone. 

Articulations. — With  five  bones:  the  opposite  parietal,  the  occipital,  frontal, 
temporal,  and  sphenoid. 

Attachment  of  Muscles. — One  only,  the  Temporal. 

The  Frontal  Bone. 

The  Frontal  Bone  {frons,  the  forehead)  resembles  a  cockle-shell  in  form,  and 

consists  of  two  portions — a  vertical  or  frontal  portion  situated  at  the  anterior  part 


of  the  cranium,  forming  the  forehead ;  and  a  horizontal  or  orbito-nasal  portion 
which  enters  into  the  ^rmation  of  the  roof  of  the  orbits  and  nasal  fossae. 
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Vertical  Portion. — External  Surface  (Fig.  185). — In  the  median  line,  traversing 
the  bone  from  the  upper  to  the  lower  part,  is  occasionally  seen  a  slightly-elevated 
ridge,  and  in  young  subjects  a  suture,  which  represents  the  line  of  union  of  the  two 
lateral  halves  of  which  the  bone  consists  at  an  early  period  of  life ;  in  the  adult 
this  suture  is  usually  obliterated  and  the  bone  forms  one  piece;  traces  of  the 
obliterated  suture  are,  however,  generally  perceptible  at  the  lower  part.  On  either 
side  of  this  ridge,  a  little  below  the  centre  of  the  bone,  is  a  rounded  eminence,  the 
frontal  eminence.  These  eminences  vary  in  size  in  different  individuals,  and  are 
occasionally  unsymmetrical  in  the  same  subject.  They  are  especially  prominent 
in  cases  of  well-marked  cerebral  development.  The  whole  surface  of  the  bone 
above  this  part  is  smooth,  and  covered  by  the  aponeurosis  of  the  Occipito-frontalis 
muscle.  Below  the  frontal  eminence,  and  separated  from  it  by  a  slight  groove,  is 
the  9uperciliary  ridge^  broad  internally,  where  it  is  continuous  with  the  nasal 
eminence,  but  less  distinct  as  it  arches  outward.  These  ridges  are  caused  by  the 
projection  outward  of  the  frontal  sinuses,*  and  give  attachment  to  the  Orbicularis 
palpebrarum  and  Corrugator  supercilii.  Between  the  two  superciliary  ridges  is  a 
smooth  surface,  the  glabella  or  nasal  eminence.  Beneath  the  superciliary  ridge 
is  the  supraorbital  arch^  a  curved  and  prominent  margin,  which  forms  the  upper 
boundary  of  the  orbit,  and  separates  the  vertical  from  the  horizontal  portion  of  the 
bone.  The  outer  part  of  the  arch  is  sharp  and  prominent,  affording  to  the  eye,  in 
that  situation,  considerable  protection  from  injury;  the  inner  part  is  less  promi- 
nent. At  the  junction  of  the  internal  and  middle  third  of  this  arch  is  a  notch, 
sometimes  converted  into  foramen  by  a  bony  process,  and  called  the  supraorbital 
notch  or  foramen.  It  transmits  the  supraorbital  artery,  vein,  and  nerve.  A  small 
aperture  is  seen  in  the  upper  part  of  the  notch,  which  transmits  a  vein  from  the 
diploe  to  join  the  supraorbital  vein.  The  supraorbital  arch  terminates  externally 
in  the  external  angular  process  and  internally  in  the  internal  angular  process. 
The  external  angular  process  is  strong,  prominent,  and  articulates  with  the  malar 
bone;  running  upward  and  backward  from  it  are  two  well-marked  lines,  which, 
commencing  together  from  the  external  angular  process,  soon  diverge  from  each 
(•ther  and  run  in  a  curved  direction  across  the  bone.  The  lower  one,  the  temporal 
ridge,  gives  attachment  to  the  Temporal  muscle,  the  upper  one  to  the  temporal 
fascia.  Beneath  them  is  a  slight  concavity  that  forms  the  anterior  part  of  the 
temporal  fossa  and  gives  origin  to  the  Temporal  muscle.  The  internal  angular 
processes  are  less  marked  than  the  external,  and  articulate  with  the  lachrymal 
bones.  Between  the  internal  angular  processes  is  a  rough,  uneven  interval,  the 
nti^al  notch,  which  articulates  in  the  middle  line  with  the  nasal  bone,  and  on  either 
pide  with  the  nasal  process  of  the  superior  maxillary  bone.  From  the  concavity 
of  this  notch  projects  a  process,  the  nasal  process,  which  extends  beneath  the  nasal 
b<»nes  and  nasal  processes  of  the  superior  maxillary  bones  and  supports  the  bridge 
(i  the  nose.  On  the  under  surface  of  this  is  a  long  pointed  process,  the  7iasal  spine, 
and  on  either  side  a  small  grooved  surface  enters  into  the  formation  of  the  roof  of 
the  nasal  fossa.  The  nasal  spine  forms  part  of  the  septum  of  the  nose,  articulating 
in  front  with  the  nasal  bones  and  behind  the  perpendicular  plate  of  the  ethmoid. 

Internal  Surface  (Fig.  136). — Along  the  middle  line  is  a  vertical  groove,  the 
e<lges  of  which  unite  below  to  form  a  ridge,  the  frontal  crest ;  the  groove  lodges 
the  superior  longitudinal  sinus,  whilst  its  margins  afford  attachment  to  the  falx 
ctrebri.  The  crest  terminates  below  at  a  small  notch  which  is  converted  into  a 
foramen  by  articulation  with  the  ethmoid.  It  is  called  the  foramen  ccecum,  and 
varies  in  size  in  different  subjects:  it  is  sometimes  partially  or  completely 
impervious,  lodges  a  process  of  the  falx  cerebri,  and  when  open  transmits  a  vein 

*  Some  confusion  is  occasioned  to  students  commencing  the  study  of  anatomy  by  the  name 
*«mases*'  having  been  given  to  two  perfectly  different  kinds  of  spaces  connected  with  the  skull. 
It  mar  be  as  well,  therefore,  to  state  here,  at  the  outset,  that  the  " sinunes ''  in  the  interior  of  the 
cnoiam  which  produce  the  grooves  on  the  inner  surface  of  the  bones  are  venous  channels  alone 
vhieh  the  blood  runs  in  its  passage  back  from  the  brain,  while  the  ^'  sinuses  "  external  to  the  cranial 
cuvitj  (the  frontal,  sphenoiaal,  ethmoidal,  and  maxillary)  are  hollow  spaces  in  the  bones  themselves 
vitieh  oommnnicate  with  the  nostrils,  and  contain  air. 
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from  the  liniag  membraoe  of  the  Dose  to  the  superior  loDgitudioal  sinus.  On 
either  side  of  the  groove  the  bone  is  deeply  concave,  presenting  eminences  and 
depressions  for  the  convolutions  of  the  brain,  and  numerous  small  furrows  for 
lodging  the  ramifications  of  the  anterior  meningeal  arteries.  Several  small, 
irregular  foss^  are  also  seen  on  either  side  of  the  groove  for  the  reception  of  the 
Pacchionian  bodies. 

Horlsontal  Fortion. — External  Surface. — This  portion  of  the  bone  consists  of 
two  thin  plates,  which  form  the  vault  of  the  orbit,  separated  from  one  another  by 
the  ethmoidal  notch.  Each  orbital  vault  consists  of  a  smooth,  concave,  triangular 
plate  of  bone,  marked  at  its  anterior  and  external  part  (immediately  beneath  the 


external  angular  process)  by  a  shallow  depression,  the  lacliri/mal  fogm,  for  lodging 
the  lachrymal  gland ;  and  at  its  anterior  and  internal  part  by  a  depression  (some- 
times a  small  tubercle)  for  the  attachment  of  the  cartilaginous  pulley  of  the 
Superior  obli(iue  muscle  of  the  eye.  The  ethmoidal  notch  separates  the  two  orbital 
plates;  it  is  quadrilateral,  and  filled  up,  when  the  bones  are  united,  by  the 
cribriform  plate  of  the  ethmoid.  The  margins  of  this  notch  present  several  half- 
cells,  which,  when  united  wiih  corresponding  half-cells  on  the  upper  surface  of  the 
ethmoid,  com|)lete  the  ethmoidal  colls ;  two  grooves  are  also  seen  ci'osaing  these 
edges  transversely ;  they  are  converted  into  canals  by  articulation  with  the  ethmoid, 
and  are  called  the  (tnte.rior  aad  poaferior  ethmoiihil  canals:  they  open  on  the  inner 
wall  of  the  orbit.  The  anterior  one  transmits  the  nasal  nerve  and  anterior 
ethmoidal  vessels,  the  posterior  one  the  posterior  ethmoidal  vessels.  In  front  of 
the  ethmoidal  notch,  on  either  side  of  the  nasal  spine,  are  the  openings  of  the 
frontal  sinuses.  These  are  two  irregular  cavities,  which  extend  upward  and 
outward,  a  variable  distance,  between  the  two  tables  of  the  skull,  and  are 
separated  from  one  another  by  a   thin,  bony  septum.     They  give   rise  to  the 
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prominences  above  the  snpr&orbltal  arches  called  the  superciliary  ridges.  In  the 
child  they  are  generally  absent,  and  they  become  gradually  developed  as  age 
advances.  These  cavities  vary  in  size  in  different  persons,  are  larger  in  men  than 
ia  women,  and  are  frequently  of  unequal  size  on  the  two  sides,  the  right  being 
commonly  the  larger.  They  are  subdivided  by  a  bony  lamina,  which  is  often  dis- 
placed to  one  side.  They  are  lined  by  mucous  membrane,  and  communicate  with 
ihe  nose  by  the  infundibulum,  and  occasionally  with  each  other  by  apertures  in 
their  septum. 

The  Internal  sni&ce  of  the  horizontal  poTtioa  presents  the  convex  upper 
surfaces  of  the  orbital  plates,  separated  from  each  other  in  the  middle  line  by  the 
ethmoidal  notch,  and  marked  by  eminences  and  depressions  for  the  convolutions  of 
the  frontal  lobes  of  the  brain. 

Bordfln. — The  border  of  the  vertical  portion  is  thick,  strongly  serrated,  bevelled 
at  the  expense  of  the  internal  table  above,  where  it  rests  upon  the  parietal  bones, 
and  at  the  expense  of  the  external  table  at  each  side,  where  it  receives  the  lateral 
pressure  of  those  bones ;  this  border  is  continued  below  into  a  triangular  rough 
sorfece  which  articulates  with  the  great  wing  of  the  sphenoid.  The  border  of  the 
horizontal  portion  is  thin,  serrated,  and  articulates  with  the  lesser  wing  of  the 
sphenoid. 

Stonctnre. — The  vertical  portion  and  external  angular  processes  are  very  thick, 
consisting  of  diploic  tissue  contained  between  two  compact  laminee.  The  hori- 
i'>ntsl  portion  is  thin,  translucent,  and  composed  entirely  of  compact  tissue ;  hence 
the  facility  with  which  instruments  can  penetrate  the  cranium  through  this  part  of 
the  orbit. 

Development  (Fig.  137). — The  frontal  bone  is  formed  in  membrane,  being  devel- 
oped by  ttpo  centres,  one  for  each  lateral  half,  which  make  their  appearance  about 
ihe  seventh  or  eighth  week,  above  the  orbital  arches.     From  this  point  ossification 
eilends.  in  a  radiating  manner,  upward  into  the  forehead  and  backward  over  the 
urbit.     At  birth  the  bone  consists  of  two  pieces,  which  afterward  become  united, 
aliJDg  the  middle  line,  by  a  snture  which  runs  from  the  vertex  to  the  root  of  the 
niise.     This  suture  usually  becomes  obliterated  within  a  few  years  after  birth ;  but 
it  occasionally  remains  throughout  life.     Occasionally  secondary  centres  of  ossifica- 
tion appear  for  the  naaal  spine — one  on  either  side  at  the  internal  angular  process 
"here  it  articulates  with  the  lachrymal 
bone ;  and   sometimes   there  is  one  on 
either  side  at  the  lower  end  of  the  coronal 
sntnre.     This   latter  centre  sometimes 
remains  ununited,  and  is  known  as  the 
pierion  ossicle,  or  it  may  join  with  the 
parieiat,  sphenoid,  or  temporal  bone. 

Articulations. — Wiih  twelve  bones: 
t«o  parietal,  the  sphenoid,  the  ethmoid, 
Twij  nasal,  two  superior  maxillary,  two 
Whrymal,  and  two  malar. 

Attachment  of  Mnscles. — To  three 
|«irs :  the  Corrugator  supercilii,  Orbicu-  p,^  i3:._F„„t.i  i„ne «  bwh.  Developed  by 

Uns    palpebrarum,  and    lemporal,  on         two  lateral  halves. 
Mch  side. 

The  Temporal  Bones. 

The  Temporal  Bones  (tempus,  time)  are  situated  at  the  sides  and  base  of  the 
flail,  and  present  for  examination  a  squamous,  mastoid,  and  petrous  portion. 

The  Bqoamons  portion  (squama,  a  scale),  the  anterior  and  upper  part  of  the 
t«fDe,  is  scale-like  in  form,  and  thin  and  translucent  in  texture  (Fig.  138).  Its  outer 
'•irfai-t  is  smooth,  convex,  and  grooved  at  its  back  part  for  ihe  deep  temporal 
•neries;  it  affords  attachment  to  the  Temporal  muscle  and  forms  part  of  the 
ifmporal  fossa.     At  its  back  part  may  be  seen  a  curved  ridge — part  of  the  temporal 
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ridge  ;  it  serves  for  the  attachment  of  the  temporal  fascia,  limits  the  origin  of  the 
Temporal  muscle,  and  marks  the  boundary  between  the  squamous  and  mastoid 


FiQ.  138.— Lelt  icmporsl  bone.    Outer  Bur&ce. 

fiortions  nf  the  bone.  Projecting  from  the  lower  part  of  the  squamous  portion  is  a 
ong,  arched  process  of  hone,  the  zygoma  or  zygomatic  process.  This  process  is 
at  first  directed  outward,  its  two  surfaces  looking  upward  and  downward;  it  then 
appears  as  if  twisted  upon  itself,  and  runs  forward,  its  surfaces  now  looking  in- 
ward and  outward.  The  superior  border  of  the  process  is  long,  thin,  and  sharp, 
and  serves  for  the  attachment  of  the  temporal  fascia.  The  inferior,  short,  thick, 
and  arched,  has  attached  to  it  some  fibres  of  the  Maaseter  muscle.  Its  outer  surfa.ce 
is  convex  and  subcutaneous ;  its  inner  is  concave,  and  also  affords  attachment  to  the 
Masseter.  The  extremity,  broad  and  deeply  serrated,  articulates  with  the  malar 
bone.  The  zygomatic  process  is  connected  to  the  temporal  bone  by  three  divisions, 
called  its  root% — an  anterior,  middle,  and  posterior.  The  anterior,  which  is  short, 
but  broad  and  strong,  is  directed  inward,  to  tei'minate  in  a  rounded  eminence,  the 
eminenfia  artieularin.  This  eminence  forms  the  front  boundary  of  the  glenoid 
fossa,  and  in  the  recent  state  is  covered  with  cartilage.  The  middle  root  forms  the 
outer  margin  of  the  glenoid  fossa ;  running  obliquely  inward,  it  terminates  at  the 
commencement  of  a  well-marked  fissure,  the  Gla»erian  fissure  ;  while  the  posterior 
root,  which  is  strongly  marked,  runs  from  the  upper  border  of  the  zygoma,  in  an 
arched  direction,  upward  and  backward,  forming  the  posterior  part  of  the  tempoi-al 
ridge.  At  the  j  unction  of  the  anterior  root  with  the  zygc)ma  is  a  projection,  calleii 
the  tubercle,  for  the  attachment  of  the  external  lateral  ligament  of  the  lower  jaw  ; 
and  between  the  anterior  and  middle  roots  is  an  oval  depression,  forming  part  of 
the  glenoid  fossa  {yXifj^tj,  a  socket),  for  the  reception  of  the  condyle  of  the  lower 
jaw.  This  fossa  is  bounded,  in  front,  by  the  eminentia  articularis ;  behind,  by  the 
tympanic  plate;  and,  externally,  by  the  auditory  process  and  middle  root  of  the 
zvgoraa;  and  is  divided  into  two  parts  by  a  narrow  slit,  the  Olaaerian  fissure. 
The  anterior  part,  formed  by  the  squamous  portion  of  the  bone,  is  smooth,  covered 
in  the  recent  state  with  cartilage,  and  articulates  with  the  condyle  of  the  lower 
jaw.     This  part  of  the  glenoid  fossa  is  separated  from  the  auditory  process  bv  a 
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bidbII  tubercle,  th^c  po»t~glenoid  process,  the  representative  of  a  prominent  tubercle 
vbich,  in  some  of  the  mammalia,  descends  behind  the  condyle  of  the  Jaw,  and 
prevents  it  being  disjilaced  backward  during  mastication  (Humphry).  The  poste- 
rior part  of  the  glenoid  fossa,  which  lodges  a  portion  of  the  parotid  gland,  is 
formed  chiefly  by  the  tympanic  plate,  a  lamina  of  bone,  which  forms  the  anterior 
wall  i>f  the  tympanum  and  external  auditory  meatus.  This  plate  of  bone  termi- 
nates externally  in  the  auditory  process,  above  in  the  Glaserian  fissure,  and  below 
fiinDs  a  .%harp  edge,  the  vaginal  process,  which  gives  origin  to  some  of  the  fibres  of 
ilje  Tensor  palati  muscle.  The  Glaserian  Assure,  which  leads  into  the  tympanum, 
lixlges  the  processus  gracilis  of  the  malleus,  and  transmits  the  tympanic  branch  of 
[he  internal  maxillary  artery.  The  chorda  tympani  nerve  passes  through  a  sepa- 
rate canal,  parallel  to  the  Glaserian  fissure  {canal  of  Huguicr),  on  the  outer  side  of 
the  Eustachian  tube,  in  the  retiring  angle  between  the  squamous  and  petrous  por- 
tions of  the  temporal  bone.' 

The  internal  sni&ce  of  the  squamous  portion  (Fig.  139)  is  concave,  presents 


Fia.  m.— Left  tempnral  bone.    Inner  surftce. 

DDiiierous  eminences  and  depressions  for  the  convolutions  of  the  cerebrum,  and 
i"o  well-marked  grooves  for  the  branches  of  the  middle  meningeal  artery. 

Bordsra. — The  superior  border  is  thin,  bevelled  at  the  expense  of  the  internal 
sarfaee,  so  as  to  overlap  the  lower  border  of  the  parietal  bone,  forming  the  squam- 
"tis  suture.  The  anterior  inferior  border  is  thick,  serrated,  and  lievelled,  alter- 
uiely  at  the  expense  of  the  inner  and  outer  surfaces,  for  articulation  with  the 
erwt  wing  of  the  sphenoid. 

The  Mastoid  Portion  {/taard;,  a  nipple  or  teat)  is  .situated  at  the  posterior  part  of 
lie  bone ;  its  outer  surface  is  rough,  and  gives  attachment  to  the  Occi  pi  to-front  alia 
»rni  Retrahens  aurem  muscles.  It  is  perforated  by  numerous  foramina;  one  of 
ihwe.  of  large  size,  situated  at  the  posterior  border  of  the  hone,  is  termed  the 
'^nttoid  foramen  ;  it  transmits  a  vein  to  the  lateral  sinus  and  a  small  artery  from 
■he  occipital   to  supply  the  dura  mater.     The  position  and  size  of  this  foramen 

nnl  which  lie»  above  the  Gustachlan 
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are  verv  variable.  It  is  not  always  present;  sometimes  it  is  situated  in  tlie 
occipital  bone  or  in  the  suture  between  the  temporal  and  the  occipital.  The 
mastoid  portion  is  continued  below  into  a  conical  projection,  the  mastoid  process, 
the  size  and  form  of  which  vary  somewhat.  This  process  serves  for  the  attachment 
of  the  Stemo-mastoid,  Splenius  capitis,  and  Trachelo-mastoid  muscles.  On  the 
inner  side  of  the  mastoid  process  is  a  deep  groove,  the  digastric  fossa,  for  the 
attachment  of  the  Digastric  muscle;  and,  running  parallel  with  it,  but  more  in- 
ternal, the  occipital  groove,  which  lodges  the  occipital  artery.  The  internal  surface 
of  the  mastoid  portion  presents  a  deep,  curved  groove,  the/osaa  sigmoidea,  which 
lodges  part  of  the  lateral  sinus ;  and  into  it  may  be  seen  opening  the  mastoid  fora- 
men. A  section  of  the  mastoid  process  shows  it  to  be  hollowed  out  into  a  number 
of  cellular  spaces,  communicating  with  each  other,  called  the  mastoid  cells;  they 
open  by  a  single  or  double  orifice  into  the  back  of  the  tympanum,  are  lined  by  a 
prolongation  of  its  lining  membrane,  and  probably  form  some  secondarv  part  of 
the  organ  of  hearing.  The  spaces  at  the  upper  and  front  part  of  the  bone  near 
the  opening  into  the  tympanum  are  large  and  irregular,  and  contain  air.  They 
diminish  in  size  toward  the  lower  part  of  the  bone,  those  situated  at  the  apex  of 
the  mastoid  process  being  quite  small  and  usually  containing  marrow  (Fig.  140). 


h  the  maslold  rells. 

The  mastoid  cells,  like  the  other  sinu.'^es  of  the  cranium,  are  not  developed 
until  after  puberty;  hence  the  prominence  of  this  process  in  the  adult. 

In  consequence  of  the  i^tmmunication  which  exists  between  the  lyuipanum  and  mastoid 
cells,  inflamiuatioh  of  the  lininir  membrane  of  the  former  cavity  may  easily  travel  backward  to 
that  of  the  mastoid  cells,  leadini:  to  caries  and  necmsis  of  their  walls  and  the  risk  of  transfer- 
ence of  the  inflammation  to  the  lateral  sinus  or  cnccpbalon. 

BoTders. — The  superior  border  of  the  mastoid  portion  is  broad  and  rough,  its 
serrated  edge  sloping  outward,  for  articulation  with  the  posterior  inferior  angle  of 
the  parietal  bone.  The  posterior  border,  also  uneven  and  serrated,  articulates 
with  the  inferior  border  of  the  occipital  bone  between  its  lateral  angle  and  jugular 
process. 

The  Petrous  Portion  (jiirpoc,  a  stone),  so  named  from  its  extreme  density  and 
hardness,  is  a  pyramidal  process  of  bone  wedged  in  at  the  base  of  the  skull 
between  the  sphenoid  and  occipital  bones.     Its  direction  from  without  is  inward. 
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forward,  and  a  little  downward.  It  presents  for  examination  a  base,  an  apex, 
three  surfaces,  and  three  borders,  and  contains,  in  its  interior,  the  essential  parts 
of  the  organ  of  hearing.  The  base  is  applied  against  the  internal  surface  of  the 
squamous  and  mastoid  portions,  its  upper  half  being  concealed ;  but  its  lower 
half  is  exposed  by  the  divergence  of  those  two  portions  of  the  bone,  which  brings 
into  view  the  oval  expanded  orifice  of  a  canal  leading  into  the  tympanum,  the 
meatus  auditorius  extemus.  This  canal  is  situated  in  front  of  the  mastoid  pro- 
cess, and  between  the  posterior  and  middle  roots  of  the  zygoma ;  its  upper  mar- 
gin is  smooth  and  rounded,  but  the  greater  part  of  its  circumference  is  surrounded 
by  a  curved  plate  of  bone,  the  auditory  process^  the  free  margin  of  which  is  thick 
and  rough,  for  the  attachment  of  the  cartilage  of  the  external  ear. 

The  apex  of  the  petrous  portion,  rough  and  uneven,  is  received  into  the 
angular  interval  between  the  posterior  border  of  the  greater  wing  of  the  sphenoid 
and  the  basilar  process  of  the  occipital ;  it  presents  tlie  anterior  or  internal  orifice 
of  the  carotid  canal,  and  forms  the  posterior  and  external  boundary  of  the  foramen 
lacerum  medium. 

The  anterior  snrflace  of  the  petrous  portion  (Fig.  139)  forms  the  posterior  part 
of  the  middle  fossa  of  the  skull.  This  surface  is  continuous  with  the  squamous 
portion,  to  which  it  is  united  by  a  suture,  the  temporal  or  petro-squamotts  suture, 
the  remains  of  which  are  distinct  even  at  a  late  period  of  life ;  it  presents  six 
points  for  examination :  1,  an  eminence  near  the  centre,  which  indicates  the  sit- 
oation  of  the  superior  semicircular  canal ;  2,  on  the  outer  side  of  this  eminence 
a  depression  indicating  the  position  of  the  tympanum ;  here  the  layer  of  bone 
which  separates  the  tympanum  from  the  cranial  cavity  is  extremely  thin,  and  is 
known  as  the  tegmen  tympani;  3,  a  shallow  groove,  sometimes  double,  leading 
outward  and  backward  to  an  oblique  opening,  the  hiatus  Fallopii,  for  the  passage 
of  the  petrosal  branch  of  the  Vidian  nerve  and  the  petrosal  branch  of  the  middle 
meningeal  artery ;  4,  a  smaller  opening,  occasionally  seen  external  to  the  latter, 
for  the  passage  of  the  smaller  petrosal  nerve ;  5,  near  the  apex  of  the  bone,  the 
termination  of  the  carotid  canal,  the  wall  of  which  in  this  situation  is  deficient  in 
front ;  6,  above  this  canal  a  shallow  depression  for  the  reception  of  the  Gasserian 
ganglion. 

The  posterior  snrflace  forms  the  front  part  of  the  posterior  fossa  of  the  skull, 
and  is  continuous  with  the  inner  surface  of  the  mastoid  portion  of  the  bone. 
It  presents  three  points  for  examination :  1.  About  its  centre,  a  large  orifice,  the 
meatus  auditorius  intemus,  whose  size  varies  considerably ;  its  margins  are  smooth 
and  rounded,  and  it  leads  into  a  short  canal,  about  four  lines  in  length,  which 
runs  directly  outward  and  is  closed  by  a  vertical  plate,  the  lamina  cribrosa, 
which  is  divided  by  a  horizontal  crest,  the  crista  falciformis,  into  two  unequal 
portions;  the  lower  presenting  three  foramina  or  sets  of  foramina;  one,  just 
below  the  posterior  part  of  the  crest,  consisting  of  a  number  of  small  openings  for 
the  nerves  to  the  saccule ;  a  second,  below  and  posterior  to  this,  for  the  nerve  to 
the  posterior  semicircular  canal ;  and  a  third,  in  front  and  below  the  first,  con- 
sisting of  a  number  of  small  openings  which  terminate  in  the  canalis  centralis 
cochleae  and  transmit  the  nerve  to  the  cochlea ;  the  upper  portion,  that  above  the 
crista,  presents  behind  a  series  of  small  openings  for  the  passage  of  filaments  to 
the  vestibule  and  superior  and  external  semicircular  canal,  and,  in  front,  one 
large  opening,  the  commencement  of  the  aquseductus  Fallopii,  for  the  passage  of 
the  facial  nerve.  2.  Behind  the  meatus  auditorius,  a  small  slit,  almost  hidden  by 
a  thin  plate  of  bone,  leading  to  a  canal,  the  aquceductus  vestibuli,  which  transmits 
a  small  artery  and  vein  and  lodges  a  process  of  the  dura  mater.  3.  In  the  inter- 
val between  these  two  openings,  but  above  them,  an  angular  depression  which 
lodges  a  process  of  the  dura  mater,  and  transmits  a  small  vein  into  the  cancellous 
tissue  of  the  bone. 

The  inferior  or  basilar  surface  (Fig.  141)  is  rough  and  irregular,  and  forms  part 
of  the  base  of  the  skull.  Passing  from  the  apex  to  the  base,  this  surface  presents 
eleven  points  for  examination :  1,  a  rough  surface,  quadrilateral  in  form,  which 


180  THE  SKELETON. 

serves  partly  for  the  attachment  of  the  Levator  palati  and  Tensor  tympani 
muscles ;  2,  the  large,  circular  aperture  of  the  carotid  canal,  which  ascends  at 
first  vertically,  and  then,  making  a  bend,  runs  horizontally  forward  and  inward ; 
it  transmits  the  internal  carotid  artery  and  the  carotid  plexus;  3,  the  aquaduciua 
cochlea',  a  small,  triangular  opening,  lying  on  the  inner  side  of  the  latter,  close  to 
the  posterior  border  of  the  petrous  portion ;  it  transmits  a  vein  from  the  cochlea 
which  joins  the  internal  jugular ;  4,  behind  these  openings  a  debp  depression,  the 
jugular  foMa,  which  varies  in  depth  and  size  in  different  skulls;  it  lodges  the 
laieral  sinus,  and,  with  a  similar  depression  on  the  margin  of  the  jugular  process 
of  the  occipital  bone,  forms  the  foramen  lacerum  posterius  or  jugular  foramen  ; 
5,  a  .small  foramen  for  the  passage  of  Jacobson's  nerve  (the  tympanic  branch  of 
the  glosso-pharyngeal) :  this  foramen  is  seen  in  front  of  the  bony  ridge  dividing 
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Fro.  141.— Petrous  portion.    Inferior  eui&ce. 

the  carotid  canal  from  the  jugular  fossa ;  6,  a  small  foramen  on  the  outer  wall  of 
the  jugular  fossa,  for  the  entrance  of  the  auricular  branch  of  the  pneumogastric 
(Arnold's)  nerve;  7.  behind  the  jugular  fossa  a  smooth,  square-shaped  facet,  the 
juffular  surface ;  it  is  covered  with  cartilage  in  the  recent  state,  and  articulates 
with  the  jugular  process  of  the  occipital  bone;  8,  the  vaginal  process,  a  very 
broad,  sheath-like  plate  of  hone,  which  extends  backward  from  the  carotid  canal 
and  gives  attachment  to  part  of  the  Tensor  palati  muscle:  this  plate  divides 
behind  into  two  laminte.  the  outer  of  which  is  continuous  with  the  auditory  pro- 
cess, the  inner  with  the  jugular  process:  between  these  laminse  is  the  ninth  point 
for  examination,  the  uti/hii/  proc'ig.  a  long,  sharp  spine,  about  an  inch  in  length  ; 
it  is  directed  downward,  forward,  and  inward,  varies  in  size  and  shape,  and  some- 
times consists  of  several  pieces,  united  by  cartilage;  it  affords  attachment  to  three 
muscles,  the  Stylo-pharyngeus,  Stylo-hyoideiis,  and  Stylo-gloss  us,  and  two  liga- 
ments, the  stylo-hyoid  and  stylo-maxillary  ;  10,  the  atiflo-mastoid  foramen,  a  rather 
large  orifice,  placed  between  the  styloid  and  mastoid  processes  :  it  is  the  termina- 
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tion  of  the  aquseductus  Fallopii,  and  transmits  the  facial  nerve  and  stylo-mastoid 
artery;  11,  the  auricular  Jis^ure^  situated  between  the  auditory  and  mastoid  pro- 
cesses, for  the  exit  of  the  auricular  branch  of  the  pneumogastric  nerve. 

Borders. — The  superior,  the  longest,  is  grooved  for  the  superior  petrosal  sinus, 
and  has  attached  to  it  the  tentorium  cerebelli ;  at  its  inner  extremity  is  a  semilunar 
notch,  upon  which  the  fifth  nerve  lies.  The  posterior  border  is  intermediate  in 
length  between  the  superior  and  the  anterior.  Its  inner  half  is  marked  by  a  groove, 
which,  when  completed  by  its  articulation  with  the  occipital,  forms  the  channel 
for  the  inferior  petrosal  sinus.  Its  outer  half  presents  a  deep  excavation — the 
jugular  fossa — which,  with  a  similar  notch  on  the  occipital,  forms  the  foramen 
lacenim  posterius.  A  projecting  eminence  of  bone  occasionally  stands  out  from 
the  centre  of  the  notch,  and  divides  the  foramen  into  two  parts.  The  anterior 
border  is  divided  into  two  parts — an  outer  joined  to  the  squamous  portion  by  a 
suture,  the  remains  of  which  are  distinct ;  "an  inner,  free,  articulating  with  the 
spinous  process  of  the  sphenoid.  At  the  angle  of  junction  of  the  petrous  and 
squamous  portions  are  seen  two  canals,  separated  from  one  another  by  a  thin  plate 
of  bone,  the  processus  cochleariformis ;  they  both  lead  into  the  tympanum,  the 
upper  one  transmitting  the  Tensor  tympani  muscle,  the  lower  one  the  Eustachian 
tube. 

Structure. — The  squamous  portion  is  like  that  of  the  other  cranial  bones ;  the 
mastoid  portion,  cellular;  and  the  petrous  portion,  dense  and  hard. 

Development  (Fig.  142). — The  temporal  bone  is  developed  by  ten  centres, 
exclusive  of  those  for  the  internal  ear  and  the  ossicula — viz.  one  for  the  squamous 
portion  including  the  zygoma,  one  for  the  tympanic  plate,  six  for  the  petrous  and 
mastoid  parts,  and  two  for  the  styloid  process.  Just  before  the  close  of  foetal  life 
the  temporal  bone  consists  of  four  parts :  1.  The  squamo-zygomatic^  which  is  ossi- 
fied in  membrane  from  a  single  nucleus,  which  appears  at  its  lower  part  about  the 
second  month.  2.  The  tympanic  plate ^  an  imperfect  ring,  which  encloses  the  tym- 
panic membrane.  This  is  also  ossified  from  a  single  centre,  which  appears  rather 
later  than  that  for  the  squamous  portion.  3.  The  petro-mastoid,  which  is  developed 
from  six  centres,  which  appear  about  the  fifth  or  sixth  month.  Four  of  these  are 
for  the  petrous  portion,  and  are  placed  around  the  labyrinth,  and  two  for  the  mas- 
toid (Vrolik).  According  to  Huxley,  the  centres  are  more  numerous,  and  are  dis- 
posed so  as  to  form  three  portions :  (1)  including  most  of  the  labyrinth,  with  a  part 
of  the  petrous  and  mastoid,  he  has 
named  prootic ;  (2)  the  rest  of  the 
petrous,  the  opisthotic ;  and  (3)  the 
remainder  of  the  mastoid,  the  epiotic. 
The  petro-mastoid  is  ossified  in  carti- 
lage. 4.  The  styloid  process  is  also 
ossified  in  cartilage  from  two  centres : 
one  for  the  base,  which  appears  before 
birth,  and  is  termed  the  tympano-hyal ; 
the  other,  comprising  the  rest  of  the 
process,  is  named  the  stylo-hyal,  and 
«U»es  not  appear  until  after  birth. 
Shortly  before  birth  the  tympanic 
plate  joins  with  the  squamous.  The 
petrous  and  mastoid  join  with  the 
^uamons  during  the  first  year,  and 
the  tympano-hyal  portion  of  the  sty- 
loid process  about  the  same  time.  The 
?tvlo-hyal  does  not  loin  the  rest  of  the 
wne  until  after  puberty,  and  in  some 
skulls  never  becomes  united.  The 
subsequent  changes  in  this  bone  are, 
that  the  tympanic  plate  extends  outward,  so  as  to  form  the  meatus  auditorius ; 
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Fig.  142.— Development  of  the  temporal  bone.    By 
ten  centres. 
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the  glenoid  fossa  becomes  deeper ;  and  the  mastoid  part,  which  at  an  early  period 
of  life  is  quite  flat,  enlarges  from  the  development  of  the  cellular  cavities  in  its 
interior. 

Articulations. — With  five  bones — occipital,  parietal,  sphenoid,  inferior  maxil- 
lary, and  malar. 

Attachment  of  Unscles. — To  fifteen :  to  the  squamous  portion,  the  Temporal ; 
to  the  zygoma,  the  Masseter ;  to  the  mastoid  portion,  the  Occi pi to-fron talis,  Sterno- 
mastoid,  Sptenius  capitis,  Trachelo-mastoid,  Digastricus.  and  Retrahens  aurem; 
to  the  styloid  process,  the  Stylo-pharyngeua,  Stylo-hyoideus,  and  Stylo-glossus ; 
and  to  the  petrous  portion,  the  Levator  palati,  Tensor  tympani,  Tensor  palati,  and 
Stapedius. 

The  Sphenoid  Bone. 

The  Sphenoid  Bon«  {aip^v,  a  wedge)  is  situated  at  the  anterior  part  of  the  base 
of  the  skull,  articulating  with  all  the  other  cranial  bones,  which  it  binds  firmly  and 
solidly  together.  In  its  form  it  somewhat  resembles  a  bat  with  its  wings  extended ; 
and  is  divided  into  a  central  portion  or  body,  two  greater  and  two  lesser  wings 
extending  outward  on  each  side  of  the  body,  and  two  processes — the  pterygoid 
processes — which  project  from  it  below. 

The  body  is  of  large  size,  cuboid  in  form,  and  hollowed  out  in  its  interior  so 
as  to  form  a  mere  shell  of  bone.  It  presents  for  examination  four  surfaces — a 
superior,  an  inferior,  an  anterior,  and  a  posterior. 

The  Superior  8ur&ce  (Fig.  143). — In  front  is  seen  a  prominent  spine,  the 
ethmohla}  spine,  for  articulation  with  the  cribriform  plate  of  the  ethmoid;  behind 
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this  a  smooth  surface  presenting,  in  the  median  line,  a  slight  longitudinal  eminence, 
with  a  depression  on  each  side  for  lodging  the  olfactory  tracts.  This  surface  is 
bounded  behind  by  a  ridge,  which  forms  the  anterior  border  of  a  narrow,  trans- 
verse groove,  the  optic  groove  ;  it  lodges  the  optic  commissure,  and  terminates  on 
either  side  in  the  optic  foramen,  for  the  passage  of  the  optic  nerve  and  oph- 
thalmic artery.  Behind  the  optic  groove  is  a  small  eminence,  olive-like  in  shape, 
the  olivary  process ;  and  still  more  posteriorly,  a  deep  depression,  the  pituitary 
fosse,  or  sella  turcica,  which  lodges  the  pituitary  body.  This  fossa  is  perforated 
by  numerous  foramina,  for  the  transmission  of  nutrient  vessels  into  the  substance 
of  the  bone.  It  is  bounded  in  front  by  two  small  eminences,  one  on  either  side, 
called  the  middle  clinoid  processes  (xmvtj,  a  bed),  which  are  sometimes  connected 
by  a  spiculum  of  bone  to  the  anterior  clinoid  processes,  and  behind  by  a  square- 
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shaped  plate  of  bone,  the  donum  epkippii  or  dorsum  sellw,  terminatJDg  at  each 
superior  angle  in  a  tubercle,  the  posterior  clinoid  proceg»es,  the  size  and  form  of 
which  vary  considerably  in  difierent  individuals.  These  proceases  deepen  the 
pituitary  fossa,  and  serve  for  the  attachment  of  prolongations  from  the  tentorium 
cerebelli.  The  sides  of  the  dorsum  ephippii  are  notched  for  the  passage  of  the 
sixih  pair  of  nerves,  and  below  present  a  sharp  process,  the  petrosal  process,  which 
is  joined  to  the  apex  of  the  petrous  portion  of  the  temporal  bone,  forming  the  inner 
bmnilary  of  the  middle  lacerated  foramen.  Behind  this  plate  the  bone  presents 
a  shallow  depression,  which  slopes  obliquely  backward,  and  is  continuous  with  the 
basilar  groove  of  the  occipital  bone ;  it  is  called  the  clivus,  and  supports  the  upper 
part  of  the  pons  Varolii.  On  either  side  of  the  body  is  a  broad  groove,  curved 
f"methiDg  like  the  italic  letter  /;  it  lodges  the  internal  carotid  artery  and  the 
caiernous  sinus,  and  is  called  the  carotid  or  cai^emoua  groove.  Along  the  outer 
margin  of  this  f^roove,  at  its  posterior  part,  is  a  ridge  of  bone  in  the  angle  between 
tte  body  and  greater  wing,  called  the  lingula.     The  posterior  suifsice,  quadrilateral 


Fig.  1M.— Sphenoid  bone.    Anleiior  aurbce.' 

inform,  is  joined  to  the  basilar  process  of  the  occipital  bone.  During  childhood 
these  bones  are  separated  by  a  layer  of  cartilage ;  but  in  after-life  (between  the 
eiohteenth  and  twenty-fifth  years)  this  becomes  ossified,  ossification  commencing 
above  and  extending  downward;  and  the  two  bones  then  form  one  piece.  The 
uterior  snr&ce  (Fig.  144)  presents,  in  the  middle  line,  a  vertical  ridge  of  bone,  the 
rthmoidal  erest,  which  articulates  in  front  with  the  perpendicular  plate  of  the 
ethmoid,  forming  part  of  the  septum  of  the  nose.  On  either  side  of  it  are  irregular 
npenings  leading  into  the  sphenoidal  cdls  or  sinuses.  These  are  two  large  irregular 
ivities  hollowed  out  of  the  interior  of  the  body  of  the  sphenoid  bone,  and  separated 
from  one  another  by  a  more  or  less  complete  perpendicular  bony  septum.  Their 
fr-iTD  and  size  vary  considerably ;  they  are  seldom  symmetrical,  and  are  often 
I«niall7  subdivided  by  irregular  osseous  laminae.  Occasionally,  they  extend  into 
the  basilar  process  of  the  occipital  nearly  as  far  as  the  foramen  magnum.  The 
!*ptiim  is  seldom  quite  vertical,  being  commonly  bent  to  one  or  the  other  side. 
These  sinuses  do  not  exist  in  children,  but  they  increase  in  -lize  as  age  advances. 
They  are  partially  closed,  in  front  and  below,  by  two  thin,  curved  plates  of  bone, 
^*  sphenoidal  turbinated  bones,  leaving  a  round  opening  at  their  upper  parts,  by 
»hich  they  communicate  with  the  upper  and  back  part  of  the  nose,  and  occasionally 
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with  the  posterior  ethmoidal  cells  or  sinuses.  The  lateral  margins  of  this  surface 
present  a  serrated  edge,  which  articulates  with  the  os  planum  of  the  ethmoid, 
completing  the  posterior  ethmoidal  cells ;  the  lower  margin,  also  rough  and 
serrated,  articulates  with  the  orbital  process  of  the  palate  bone,  and  the  upper 
margin  with  the  orbital  plate  of  the  frontal  bone.  The  inferior  surfjace  presents, 
in  the  middle  line,  a  triangular  spine,  the  rostrum^  which  is  continuous  with  the 
ethmoidal  crest  on  the  anterior  surface,  and  is  received  into  a  deep  fissure  between 
the  alse  of  the  vomer.  On  each  side  may  be  seen  a  projecting  lamina  of  bone, 
which  runs  horizontally  inward  from  near  the  base  of  the  pterygoid  process : 
these  plates,  termed  the  vaginal  processes,  articulate  with  the  edges  of  the  vomer. 
Close  to  the  root  of  the  pterygoid  process  is  a  groove,  formed  into  a  complete  canal 
when  articulated  with  the  sphenoidal  process  of  the  palate  bone ;  it  is  called  the 
pterygO'palatine  canal,  and  transmits  the  pterygo-palatine  vessels  and  pharyngeal 
nerve. 

The  Qreater  Wings  are  two  strong  processes  of  bone  which  arise  from  the 
sides  of  the  body,  and  are  curved  in  a  direction  upward,  outward,  and  backward, 
being  prolonged  behind  into  a  sharp-pointed  extremity,  the  spiyious  process  of  the 
sphenoid.  Each  wing  presents  three  surfaces  and  a  circumference.  The  superior 
or  cerebral  surface  (Fig.  143)  forms  part  of  the  middle  fossa  of  the  skull ;  it  is 
deeply  concave,  and  presents  eminences  and  depressions  for  the  convolutions  of  the 
brain.  At  its  anterior  and  internal  part  is  seen  a  circular  aperture,  the  foramen 
rotundum,  for  the  transmission  of  the  second  division  of  the  fifth  nerve.  Behind 
and  external  to  this  is  a  large  oval  foramen,  the  foramen  ovale,  for  the  trans- 
mission of  the  third  division  of  the  fifth  nerve,  the  small  meningeal  artery,  and 
sometimes  the  small  petrosal  nerve.*  At  the  inner  side  of  the  foramen  ovale  a 
small  aperture  may  occasionally  be  seen  opposite  the  root  of  the  pterygoid  process ; 
it  is  the /orawt'/i  Fi?«aZ«,  transmitting  a  small  vein.  Lastly,  in  the  posterior  angle, 
near  to  the  spine  of  the  sphenoid,  is  a  short  canal,  sometimes  double,  the  fora7fien 
spinosum ;  it  transmits  the  middle  meningeal  artery.  The  external  surface 
(Fig.  144)  is  convex,  and  divided  by  a  transverse  ridge,  the  pterygoid  ridge^  into 
two  portions.  The  superior  or  larger,  convex  from  above  downward,  concave 
from  before  backward,  enters  into  the  formation  of  the  temporal  fossa,  and  gives 
attachment  to  part  of  the  Temporal  muscle.  The  inferior  portion,  smaller  in  size 
and  concave,  enters  into  the  formation  of  the  zygomatic  fossa,  and  affords  attach- 
ment to  the  External  pterygoid  muscle.  It  presents,  at  its  posterior  part,  a 
sharp-pointed  eminence  of  bone,  the  spinoxis  process,  to  which  are  connected  the 
internal  lateral  ligament  of  the  lower  jaw  and  the  Tensor  palati  muscle.  The 
pterygoid  ridge,  dividing  the  temporal  and  zygomatic  portions,  gives  attachment  to 
part  of  the  External  pterygoid  muscle-  At  its  inner  and  anterior  extremity  is  a 
triangular  spine  of  bone  which  serves  to  increase  the  extent  of  origin  of  this 
muscle.  The  anterior  or  orbital  surface,  smooth  and  quadrilateral  in  form,  assists 
in  forming  the  outer  wall  of  the  orbit.  It  is  bounded  above  by  a  serrated  edge, 
for  articulation  with  the  frontal  bone ;  below,  by  a  rounded  border  which  enters 
into  the  formation  of  the  spheno-maxillary  fissure.  Internally,  it  presents  a  sharp 
border,  which  forms  the  lower  boundary  of  the  sphenoidal  fissure,  and  has  pro- 
jecting from  about  its  centre  a  little  tubercle  of  bone,  which  gives  origin  to  one 
head  of  the  External  rectus  muscle  of  the  eye;  and  at  its  upper  part  is  a  notch 
for  the  transmission  of  a  branch  of  the  lachrymal  artery  ;  externally  it  presents  a 
serrated  margin  for  articulation  with  the  malar  bone.  One  or  two  small  foramina 
may  occasionally  be  seen  for  the  passage  of  branches  of  the  deep  temporal 
arteries;  they  are  called  the  external  orbital  foramina.  Circumference  of  the 
great  wing  (Fig.  143) :  commencing  from  behind,  from  the  body  of  the  sphenoid 
to  the  spine,  the  outer  half  of  this  margin  is  serrated,  for  articulation  with  the 
petrous  portion  of  the  temporal  bone,  whilst  the  inner  half  forms  the  anterior 

*  The  small  petrosal  nerve  sometimes  passes  through  a  special  foramen  between  the  foramen 
ovale  and  foramen  spinosum. 

'  Sometimes  called  infratemporal  crest. 
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boundary  of  the  foramen  lacerum  medium,  and  presents  the  po8t«rior  aperture  of 
the  Vidian  canal  for  the  passage  of  the  Vidian  nerve  and  artery.  In  front  of  the 
spine  the  circumference  of  the  great  wing  presents  a  serrated  edge,  bevelled  at 
the  expense  of  the  inner  table  below  and  of  the  external  above,  which  articulates 
with  the  squamous  portion  of  the  temporal  bone.  At  the  tip  of  the  great  wing  a 
triangular  portion  is  seen,  bevelled  at  the  expense  of  the  internal  surface,  for 
articulation  witb  the  anterior  inferior  angle  of  the  parietal  bone.  Internal  to  this 
is  a  broad,  serrated  surface,  for  articulation  with  the  frontal  bone :  this  suriace  is 
continuous  internally  with  the  sharp  inner  edge  of  the  orbital  plate,  which  assists 
in  the  formation  of  the  sphenoidal  fissure,  and  externally  with  the  serrated  margin 
for  articulation  with  the  malar  bone. 

The  Lesser  Wings  ( processes  of  Ingrassias)  are  two  thin,  triangular  plates  of 
bone  which  arise  from  the  upper  and  lateral  parts  of  the  body  of  the  sphenoid, 
and,  projecting  transversely  outward,  terminate  in  a  sharp  point  (Fig.  143).  The 
superior  surface  of  each  is  smooth,  flat,  broader  internally  than  externally,  and 
supports  part  of  the  frontal  lobe  of  the  brain.  The  inferior  surface  forms  the 
back  part  of  the  roof  of  the  orbit  anil  the  upper  boundary  of  the  sphenoidal  fissure 
or  foramen  lacerum  anteriua.  This  fissure  is  of  a  triangular  form,  and  leads  from 
ihe  cavity  of  the  cranium  into  the  orbit;  it  is  .bounded  internally  by  the  body  of 
the  sphenoid — above,  by  the  lesser  wing;  below,  by  the  internal  margin  of  the 
orbital  surface  of  the  great  wing — and  is  converted  into  a  foramen  by  the  articu- 
lation of  this  bone  with  the  frontal.  It  transmits  the  third,  the  fourth,  the  three 
branches  of  the  ophthalmic  division  of  the  fifth,  the  sixth  nerve,  some  filaments 
from  the  cavernous  plexus  of  the  sympathetic,  the  orbital  branch  of  the  middle 
meningeal  artery,  a  recurrent  branch  from  the  lachrymal  artery  to  the  dura 
mater,  and  the  ophthalmic  vein.  The  anterior  border  of  the  lesser  wing  is  ser- 
rated for  articulation  with  the  frontal  bone;  the  posterior,  smooth  and  rounded,  is 
received  into  the  fissure  of  Sylvius  of  the  brain.  The  inner  extremity  of  this 
border  forms  the  anterior  clinoid  process.  The  lesser  wing  is  connected  to  the 
side  of  the  body  by  two  roots,  the  upper  thin  and  flat,  the  lower  thicker,  obliquely 
directed,  and  presenting  on  its  outer  side,  near  its  junction  with  the  body,  a  small 
tubercle,  for  the  attachment  of  the  common  tendon  of  three  of  the  muscles  of  the 
eve.  Between  the  two  roots  is  the  optic  foramen,  for  the  transmission  of  the  optic 
Derve  and  ophthalmic  artery. 

The  Pterygoid  FroceBses  (;rr^^uf,  a  wing;  eldo::,  likeness),  one  on  each  side, 
defend  perpendicularly  from  the  point  where  the  body  and  greater  wing  unite 
(Fig.  145).  Each  process  consists  of  an  external  and  an  internal  plate,  separated 
behind  by  an  intervening 
notch — the  pteri/ffoid  fossa  ; 
but  joined  partially  in  front. 
The  external  pteri/goid  plate 
ia  broad  and  thin,  turned  a 
little  outward,  and  forms 
part  of  the  inner  wall  of  the 
ivgomatic  fossa.  It  gives 
iiiacbment.  bv  its  outer  sur- 
Ewe.  to  the  External  ptery- 
goid; its  inner  surface  forms 
psrt  of  the  pterygoid  fossa, 
wd  gives  attachment  to  the 
Internal  pterygoid.  The  (M- 
trraal  pteri/goid  plate  is  much 

narrower  and  longer,  curving  ria.  i«,-Sphenoid  bone.   Posieflor sarfhce. 

outward,    at    its    extremity, 

into  a  hook-like  process  of  bone,  the  hamular  process,  around  which  turns  the 
tendon  of  the  Tensor  palati  muscle.  On  the  posterior  surface  of  the  base  of  this 
piate  is  a  small,  oval,  shallow  depression,  the  scaphoid  fossa,  from  which  arises 
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the  Tensor  palati,  and  above  which  is  seen  the  posterior  orifice  of  the  Vidian 
canal.  Below  and  to  the  inner  side  of  the  Vidian  canal,  on  the  posterior  surface 
of  the  base  of  this  plate,  is  a  little  prominence,  which  is  known  by  the  name  of 
the  pterygoid  tubercle.  The  outer  surface  of  this  plate  forms  part  of  the  pterygoid 
fossa,  the  ioner  surface  forming  the  outer  boundary  of  the  posterior  aperture  of 
the  nares.  The  Superior  constrictor  of  the  pharynx  is  attached  to  its  posterior 
edge.  The  two  pterygoid  plates  are  separated  below  by  an  angular  interval,  in 
which  the  pterygoid  process,  or  tuberosity,  of  the  palate  bone  is  received.  The 
anterior  surface  of  the  pterygoid  process  is  very  broad  at  its  base,  and  forms  the 
posterior  wall  of  the  spheno-maxillary  fossa.  It  supports  Meckel's  ganglion.  It 
presents,  above,  the  anterior  orifice  of  the  Vidian  canal ;  and  below,  a  rough 
margin,   which  articulate.'^  wilb  the  perpendicular  plate  of  the  palate  bone. 

The  Sphenoidal  Spongy  Bonos  are  two  thin,  curved  plates  of  bones,  which  exist 
as  sepai-ate  pieces  until  puberty,  and  occasionally  are  not  joined  to  the  sphenoid 
in  the  adult.  They  are  situated  at  the  anterior  and  inferior  part  of  the  body  of 
the  sphenoid,  an  aperture  of  variable  size  being  left  in  their  anterior  wall,  through 
which  the  sphenoidal  sinuses  open  into  the  nasal  fossse.  They  are  irregular  in 
form  and  taper  to  a  point  behind,  being  broader  and  thinner  in  front.  Their 
upper  surface,  which  looks  toward  <he  cavity  of  the  sinus,  is  concave ;  their  under 
surface  convex.  Each  bone  articulates  in  front  with  the  ethmoid,  externally  with 
tho  palate;  its  pointed  posterior  extremity  is  placed  abo%'e  the  vomer,  and  is 
received  between  the  root  of  the  pterygoid  process  on  the  outer  side  and  the 
rostrum  of  the  sphenoid  on  the  inner.' 

Development. — Up  to  about  the  eighth  month  of  foetal  life  the  sphenoid  bone 

consists  of  two  distinct  parts :  posterior  or  pogt-aphenoid  part,  which  comprises 

the  pituitary  fossa,   the  greater   wings,  and    the   pterygoid   processes;  and   an 

anterior  or  presp/ienoid  part,  to  which  the  anterior  part  of  the  biidy  and  lesser 

wings   belong.     It   is   developed   by  fourteen    centres:  eight   for   the   posterior 

sphenoid  division,  and  six  for  the  anterior  sphenoid.     The  eight  centres  for  the 

posterior  sphenoid  are — one  for  each  greater  wing  and  external  pterygoid  plate, 

one  for  each  internal  pterygoid  plate,  two 

B«.  A^  -«^     *««  A^  ««/«*-^         for  the  posterior  part  of  the  bodv,  and  one 

on  each  side  for  the  lingula.     The  six  for 

the   anterior   sphenoid  are   one   for  each 

lesser  wing,  two  for  the  anterior  part  of 

the   body,  and   one   for  each   sphenoidal 

turbinated  bone. 

Post-sphenoid      Division. — The     first 
nuclei  to  appear  are  those  for  the  greater 
j^m  wings.        Thev    make     their    appearance 

between  the  foramen  rotundum  and  fora- 
men ovale   about   the   eighth  week,    and 
«  from  them  the  external  pterygoid  plates 

^i-«~.,j».»»«..-r~-~~~~  ^^^  ^]^^  formed,     iSoon  after,  the  nuclei 

By  £unil.u';rm"e,''."'"'  i^'""!™'""^' 'Ph^"""!-  for  the  posterior  part  of  the  body  appear, 
one  on  either  side  of  the  sella  turcica,  and 
become  blended  together  about  the  middle  of  foetal  life.  About  the  fourth  month 
the  remaining  four  centres  appear,  those  for  the  internal  pterygoid  plales  being 
ossified  in  membrane  and  becoming  joined  to  the  external  pterygoid  plate  about 
the  sixth  month.  The  centres  for  the  lingulse  speedily  become  joined  to  the  rest 
of  the  bone, 

Pre-gukennid  Division. — The  first  nuclei  to  appear  are  those  for  the  lesser 
wings.  They  make  their  appearance  about  the  ninth  week,  at  the  outer  borders 
of  the  optic  foramina,     A  second  pair  of  nuclei  appear  on  the  inner  side  of  the 

'  A  small  portion  of  Ihe  sphenoidal  turbinated  bone  sometimes  erlers  inlo  the  formation  of  the 
inner  wall  of  the  orbit,  between  tlie  os  planum  of  the  ethmoid  in  front,  the  orbital  plate  of  the  palate 
below,  and  the  frontal  ubove. — Cleland,  Boy,  Soe.  Tmn^,  1862. 
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foraniiiia  shortly  after,  and,  becoming  united,  form  the  front  part  of  the  body  of 
the  bone.  The  remaining  two  centres  for  the  sphenoidal  turbinated  bones  do  not 
mate  their  appearance  until  the  end  of  the  third  year. 

The  pre-sphenoid  is  united  to  the  body  of  the  post-sphenoid  about  the  eighth 
month,  so  that  at  birth  the  bone  consists  of  three  pieces — viz,  the  body  in  the 
centre,  and  on  each  side  the  great  wings  with  the  pterygoid  processes.  The  lesser 
wingB  become  joined  to  the  body  at  about  the  time  of  birth.  At  the  first  year 
after  birth  the  greater  wings  and  body  are  united.  From  the  tenth  to  the  twelfth 
rear  the  spongy  bones  are  partially  united  to  the  sphenoid,  their  junction  being 
complete  by  the  twentieth  year.  Lastlj',  the  sphenoid  joins  the  occipital  from  the 
eighteenth  to  the  twenty-fifth  year. 

ArticiilationB. — The  sphenoid  articulates  with  all  the  bones  of  the  cranium, 
and  five  of  the  face — the  two  malar,  two  palate,  and  vomer :  the  exact  extent  of 
aniculatioD  with  each  bone  is  shown  in  the  accompanying  figures.' 

Attachment  of  Muscles. — To  eleven  pairs:  the  Temporal,  External  pterygoid, 
Internal  pterygoid,  Superior  constrictor.  Tensor  palati,  Levator  palpebrse,  Ob- 
liquus  oeuli  superior,  Superior  rectus.  Internal  rectus.  Inferior  rectus.  External 

The  Zthmoid  Bone. 

The  Etbmoid  {ijSfto;,  a  sieve)  is  an  exceedingly  light,  spongy  bone,  of  a  cubical 
form,  .situated  at  the  anterior  part  of  the  base  of  the  cranium,  between  the  two 
orbits,  at  the  root  of  the  nose,  and  contributing  to  form  each  of  these  cavities, 
li  cossist.s  of  three  parts:  a  horizontal  plate,  which  forms  part  of  the  base  of 
the  cranium;  a  perpendicular  plate,  which  forms  part  of  the  septum  nasi;  and 
l»o  lateral  masses  of  cells. 

The  Horizontal  or  Cribriform  Plate  (Fig.  147)  forms  part  of  the  anterior  fossa 
of  ihe  base  of  the  skull,  and  is  received  into  the  ethmoid  notch  of  the  frontal 
Imne  between  the  two  orbital 
plates.  Projecting  upward 
from  the  middle  line  of  this 
[ilate  is  a  thick,  smooth,  tri- 
angular process  of  bone,  the 
r:ntta  fjalli,  so  called  from  its 
resemblance  to  a  cock's  comb. 
Its  base  joins  the  cribriform 
[■late.  Its  posterior  border, 
long,  thin, and  slightly  curved, 
serves  for  the  attachment  of 
the  falx  cerebri.  Its  anterior 
b>irder,  short  and  thick,  articu- 
lates with  the  frontal  bone, 
ami  presents  two  small  project- 
ing alae,  which  are  received 
into  corresponding  depressions 
in  the  frontal,  completing  the 

f.,™™.,^    ^^^  „^   kJ;i.:^  1       T.„  F'o.  U7.— Ethmoid  bone.   Outer  sur&ce  of  right  latenl  mua 

inramen  cfecum  behinu.     Its     (eniaixed). 

f^iea  are   smooth  and   some- 

limes  bulging ;  in  which  case  it  is  found  to  enclose  a  small  sinus."     On  each  side 

<jf  the  crista  galli  the  cribriform  plate  is  narrow  and  deeply  grooved,  to  support 
'lie  bulb  of  the  olfactory  tract,  and  perforated  by  foramina  for  the  passage  of  the 
olWtorr  nerves.  These  foramina  are  arranged  in  three  rows:  the  innermost, 
«hich  are  the  largest  and  least  numerous,  are  lost  in  grooves  on  the  upper  part 
of  the  septum;  the  foramina  of  the  outer  row  are  continued  on  to  the  surface  of 

'  It  also  sometimes  articulates  with  tlie  luberoGity  of  the  euperlor  maxilla  (f^  p.  192). 

'  Sir  Geor^  Uumphrj  BtalcB  that  the  crista  galli  is  commonly  inclined  to  one  side,  usually  the 
°ppwile  to  that  towaru  which  the  lower  part  of  the  perpendicular  plate  is  benl. — ('iV  HaTium  SktU- 
"".IS-M,  p.  277.) 
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the  upper  spongy  bone.  The  foramina  of  the  middle  row  are  the  smallest ;  they 
perforate  the  bone  and  transmit  nerves  to  the  roof  of  tbe  nose.  At  the  front  part 
of  the  cribriform  plate,  on  each  side  of  the  crista  galli.  is  a  small  fissure,  which 
transmits  the  nasal  branch  of  the  ophthalmic  nerve;  and  at  its  posterior  pan  a 
a  triangular  notch,  which  receives  the  ethmoidal  spine  of  the  sphenoid. 

The  Perpendlcnlar  Plate  (Fig.  148)  is  a  thin,  flattened  lamella  of  bone,  which 
descends  from  the  under  surface  of  the  cribriform  plate,  and  assists  in  forming 
the  septum  of  the  nose.  It  is  much  thinner  in  the  middle  than  at  the  circum- 
ference, and  is  generally  deflected  a  little  to  one  side.  lis  anterior  border  articu- 
lates with  the  nasal  spine  of  the  frontal  bone  and  crest  of  the  nasal  bones.  Its 
posterior  border,  divided  into  two  parts,  articulates  by  its  upper  half  with  the  eth- 
moidal crest  of  the  sphenoid,  by  its  lower  half  with  the  vomer.  The  inferior 
border  serves  for  the  attachment  of  the  triangular  cartilage  of  the  nose.  On  each 
side  of  the  perpendicular  plate  numerous  grooves  and  canals  are  seen,  leading  from 
foramina  on  the  cribriform  plate;  they  lodge  filaments  of  the  olfactory  nerves. 

The  Lateral  Massea  of  the  ethmoid  consist  of  a  number  of  thin-walled  cellular 
cavities,  the  fthmoidal  cells,  interposed  between  two  vertical  plates  of  bone,  the 
outer  one  of  which  forms  part  of  the  orbit,  and  the  inner  one  part  of  the  nasal  fossa 
of  the  corresponding  side.  In  the  disarticulated  bone  many  of  these  cells  appear 
to  be  broken  ;  but  when  the  bones  are  articulated  they  arc  closed  in  at  every  part. 
The  upper  surface  of  each  lateral  mass  presents  a  number  of  apparently  half- 
broken  cellular  spaces;  these  are  closed  in  when  articulated  by  the  edges  of  the 
ethmoidal  notch  of  the  frontal  bone.  Crossing  this  surface  are  two  grooves  on 
each  side,  converted  into  canals  by  articulation  with  the  frontal ;  they  a*  the 
anterior  and  posterior  ethmoidal  foramina,  and  open  on  the  inner  wall  of  the 
orbit.     The  posterior  surface  also  presents  large,  irregular  cellular  cavities,  which 

are  closed  in  by  articula- 
tion with  the  sphenoidal 
turbinated  bones  and  orbi- 
tal process  of  the  palate. 
The  cells  at  the  aiiierior 
J^j^  surface  are  completed   by 

the  lachrymal  bone  and 
nasal  process  of  the  siipe- 
;  rior  maxillary,  and  those 
below  also  by  the  superior 
maxillary.  The  outer  sur- 
face of  each  lateral  ibaas 
is  formed  of  a  thin,  smooth, 
square  plate  of  bone,  called 
the  IIS  planum ;  it  forms 
part  of  the  inner  wall  of 
the  orbit,  and  articulates. 
above,  with  the  orbital 
plate  of  the  frontal ;  below. 
with  the  superior  maxil- 
lary; in  front,  with  the  lachrymal;  and  behind,  with  tbe  sphenoid  and  orbital 
process  of  the  palate. 

From  the  inferior  part  of  each  lateral  mass,  immediately  beneath  the  os  planum, 
there  projects  downward  and  backward  an  irregular  lamina  of  bone,  called  the 
unciform  process,  from  its  hook-like  form  :  it  senes  to  close  in  the  upper  part  of 
the  orifice  of  the  antrum,  and  articulates  with  the  ethmoidal  process  of  the  inferior 
turbinated  bono.     It  is  often  broken  in  disarticulating  the  bones. 

The  inner  surface  of  each  lateral  mas."*  forms  part  of  the  outer  wall  of  the  nnsal 
fassa  of  the  coirespnnding  side.  It  is  formed  of  a  thin  lamella  of  bone,  which 
descends  from  the  under  surface  of  the  cribiiform  plate,  and  terminates  below  in 
a  free,  convoluted  margin,  the  middle  turbinated  bone.     The  whole  of  this  sur- 
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face  is  rough  and  marked  above  by  numerous  grooves,  which  run  nearly  verti- 
cally downward  from  the  cribriform 
plate;  they  lodge  branches  of  the 
olfactory  nerve,  which  are  distributed 
{ID  ihe  mucous  membrane  covering  the 
bine.  The  back  part  of  this  surface 
is  subdivided  by  a  narrow  oblique 
fissure,  the  superior  meatus  of  the 
n<ise.  bounded  above  by  a  thin,  curved 
plate  of  bone,  the  superior  turbinated 
boue.  By  means  of  an  orifice  at  the 
ujiper  part  of  this  fissure  the  posterior 
ethmoidal  cells  open  into  the  Qose. 
Below,  and  in  front  of  the  superior 

meatiLS,  is  seen  the  convex  surface  of  uteref'maas'ceniK^d}.  **"*'  ^'"""  ""'^*'^^  "'  ''^'" 
the  middle  turbinated  bone.   It  extends 

ai'ing  the  whole  length  of  the  inner  surface  of  each  lateral  mass ;  its  lower  mar- 
^n  is  free  and  thick,  and  its  concavity,  directed  outward,  assists  in  forming  the 
miiiille  meatus.  It  is  by  a  large  orifice  at  the  upper  and  front  part  of  the  middle 
tDeatus  that  the  anterior  ethmoidal  cells,  and  through  them  the  frontal  sinuses, 
cminnnicate  with  the  nose  by  means  of  a  funnel-shaped  canal,  the  infu-ndibulum. 
The  cellular  cavities  of  each  lateral  mass,  thus  walled  in  by  the  os  planum  on  the 
outer  aide  and  by  the  other  bones  already  mentioned,  are  divided  bva  thin  trans- 
verse bony  partition  into  two  seta,  which  do  not  communicate  with  each  other; 
they  are  termed  the  anterior  and  posterior  ethmoidal  cdh  or  sinuses.  The  former, 
iDDre  numerous,  communicate  with  the  frontal  sinuses  above  and  the  middle 
meatus  below  by  means  of  a  long,  flexuous  canal,  the  iitfundibulum ;  the  posterior, 
W  numerous,  open  into  the  superior  meatus,  and  communicate  (occasionally) 
wiih  the  sphenoidal  sinuses. 

Development. — By  three  centres:  one  for  the  perpendicular  lamella,  and  one 
("T  each  lateral  mass. 

The  lateral  masses  are  first  developed,  ossific  granules  making  their  appearance 
iti  the  OS  planum  between  the  fourth  and  fifth  months  of  fcetal  life,  and  extending 
intn  the  spongv  bones.  At  birth  the  bone  consists  of  the  two  lateral  masses, 
which  are  small  and  ill-developed.  During  the  first  year  after  birth  the  perpen- 
dicular and  horizontal  plates  begin  to  ossify,  from  a  single  nucleus,  and  become 
jitineJ  to  the  lateral  mas.ses  about  the  beginning  of  the  second  year.  The  forma- 
tino  of  the  ethmoidal  cells,  which  completes  the  bone,  does  not  commence  until 
iboul  the  fourth  or  fifth  year. 

Aiticnlationa. — With  fifteen  bones:  the  sphenoid,  two  sphenoidal  turbinated, 
ibe  frontal,  and  eleven  of  the  face — the  two  nasal,  two  superior  maxillary,  two 
Whrcmal,  two  palate,  two  inferior  turbinated,  and  the  vomer.  No  muscles  are 
wiached  to  this  bone.  • 

DEVELOPMENT  OF  THE  CRANIUM. 

The  early  stages  of  the  development  of  the  cranium  have  already  been  described  (see  page 
11").  We  have  seen  that  it  is  formed  from  a  layer  of  mesoblast,  derived  from  the  protovertebral 
pUies  of  the  trunk,  which  is  spread  over  the  whole  surface  of  the  rudimentary  brain.  That 
pinion  of  this  layer  from  which  the  bones  of  the  skull  are  to  be  developed  consists  of  a  thin, 
ghimbranoufl  capsule. 

Ossification  commences  in  the  roof,  and  is  preceded  by  the  deposition  of  a  membranous 
UwtRma  upon  the  surface  of  the  cerebral  capsule,  in  which  the  ossiryin^  process  cKtends,  the 
lifimilive  membranous  capsule  becoming  the  internal  periosteum,  ami  bemg  ultimately  blended 
•iih  the  dura  mater.  Although  the  bones  of  the  vertex  of  the  skull  appear  before  those  at  the 
i«*.  and  make  considerable  progress  in  their  growth,  at  birth  ossification  is  more  advanced  in 
ibv  ba«e.  this  portion  of  the  skull  forming  a  solid,  immovable  groundwork. 
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The  Fontanelles. 

Before  birth  the  bones  at  the  vertex  and  side  of  the  skull  are  separated  from  each  other  by 
membranous  intervals  in  which  bone  is  deficient.  These  intervals  are  principally  found  at  the 
four  angles  of  the  parietal  bones.    Hence  there  are  six  fontaneUes.    Their  formation  is  due  to 


Fig.  150.— Skull  at  birth,  showing  the  anterior  Fig.  151.— The  lateral  fontanelles. 

and  posterior  fontanelles. 

the  wave  of  ossification  being  circular  and  the  bones  quadrilateral ;  the  ossific  matter  first  meets 
at  the  margins  of  the  bones,  at  the  points  nearest  to  their  centres  of  ossification,  and  vacuities 
or  spaces  are  left  at  the  angles,  which  are  caW^di  fontmiettea^  so  named  from  the  pulsations  of  the 
brain,  which  areperceptible  at  the  anterior  fontjinelle,  and  were  likened  to  the  rising  of  water 
in  a  fountain.  Tne  anterior  fontanelle  is  the  largest,  and  corresponds  to  the  junction  of  the 
sagittal  and  coronal  sutures ;  the  posterior  fontanelle,  of  smaller  size,  is  situated  at  the  junction 
of  the  sagittal  and  lambdoid  sutures ;  the  remaining  ones  are  situated  at  the  inferior  angles  of 
each  parietal  bone.  The  latter  are  closed  soon  after  birth  ;  the  two  at  the  two  superior  angles 
remain  open  longer;  the  posterior  being  closed  in  a  few  months  after  birth  ;  the  anterior  remain- 
ing open  until  the  first  or  second  year.  These  spaces  are  gradually  filled  in  by  an  extension  of 
the  ossifying  process  or  by  the  development  of  a  Wormian  bone.  Sometimes  the  anterior 
fontanelle  remains  open  beyond  two  years,  and  is  occasionally  persistent  throughout  life. 

Supernumerary  or  Wormian*  Bones. 

In  addition  to  the  constant  centres  of  ossification  of  the  skull,  additional  ones  are  occasion- 
ally found  in  the  course  of  the  sutures.  These  form  irregular,  isolated  bones,  inteijposed  between 
the  cranial  bones,  and  have  been  termed  Wormian  hones  or  oBsa  trimuira.  They  are  most 
fipequently  found  in  the  course  of  the  lambdoid  suture,  but  occasionally  also  occupy  tlie  situation 
of  the  fontanelles,  especially  the  posterior  and,  more  rarely,  the  anterior.  Frequently  one  is 
found  between  the  anterior  inferior  angle  of  the  parietal  bone  and  the  greater  wing  of  the 
sphenoid,  the  pterion  omcLe  (Fig.  151 ).  They  have  a  great  tendency  to  be  symmetrical  on  the 
two  sides  of  the  skull,  and  they  vary  much  in  size,  being  in  some  cases  not  larger  than  a  pin's 
head,  and  confined  to  the  outer  table ;  in  other  cases  so  large  that  one  pair  of  these  bones  may 
form  the  whole  of  the  occipital  bone  above  the  superior  cur\xd  lines,  as  described  by  B^lard 
and  Ward.  Their  number  is  generally  limited  to  two  or  three,  but  more  than  a  hundred  have 
been  found  in  the  skull  of  an  adult  hydrocephalic  skeleton.  In  their  development,  structure, 
and  mode  of  articulation  they  resemble  the  other  cranial  bones. 

Congenital  Fissures  and  Qaps. 

An  arrest  in  the  ossifying  process  may  give  rise  to  deficiencies  or  gaps;  or  to  fissures,  which 
are  of  importance  in  a  medico-legal  point  of  view,  as  they  are  liable  to  oe  mistaken  for  fractures. 
The  fissures  generally  extend  from  the  margins  toward  the  centre  of  the  bone,  but  the  gaps 
may  be  found  in  the  middle  as  well  as  at  the  edges.  In  course  of  time  they  may  become  covered 
with  a  thin  lamina  of  bone. 

BONES  OF  THE  FACE. 

The  Facial  Bones  are  fourteen  in  number — viz.  the 
Two  Nasal.  Two  Palate. 

Two  Superior  Maxillary.  Two  Inferior  Turbinated. 

Two  Lachrymal.  Vomer. 

Two  Malar.  Inferior  Maxillary. 

^  Wormius,  a  physician  in  Copenhagen,  is  said  to  have  given  the  first  detailed  description  of 
these  bones. 
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"  Of  these,  the  upper  and  lower  jaws  are  the  fundamental  bones  for  mastication, 
and  the  others  are  accessories ;  for  the  chief  function  of  the  facial  bones  is  to 
provide  an  apparatus  for  mastication,  while  subsidiary  functions  are  to  provide  for 
the  sense-organs  (eye,  nose,  tongue)  and  a  vestibule  to  the  respiratory  and  vocal 
organs.  Hence  the  variations  in  the  shape  of  the  face  in  man  and  the  lower 
animals  depend  chiefly  on  the  question  of  the  character  of  their  food  and  their  mode 
of  obtaining  it."^ 

The  Nasal  Bone. 

The  Nasal  (na^us,  the  nose)  are  two  small  oblong  bones,  varying  in  size  and 
form  in  different  individuals ;  they  are  placed  side  by'side  at  the  middle  and  upper 
part  of  the  fa<5e,  forming,  by  their  junction,  "  the  bridge  "  of  the  nose.  Each  bone 
presents  for  examination  two  surfaces  and  four  borders.  The  outer  surface  is 
concave  from  above  downward,  convex  from  side  to  side ;  it  is  covered  by  the 
Pyramidalis  and  Compressor  nasi  muscles,  and  give  attachment  at  its  upper  part 
to  a  few  fibres  of  the  Occi pi to-fron talis  muscle  (Theile).  It  is  marked  by  numerous 
small  arterial  furrows,  and  perforated  about  its  centre  by  a  foramen,  sometimes 
double,  for  the  transmission  of  a  small  vein.  Sometimes  this  foramen  is  absent  on 
one  or  both  sides,  and  occasionally  the  foramen  csecum  opens  on  this  surface.  The 
inner  surface  is  concave  from  side  to  side,  convex  from  above  downward ;  in 
which  direction  it  is  traversed  by  a  longitudinal  groove  (sometimes  a  canal),  for 
the  passage  of  a  branch  of  the  nasal  nerve.  The  superior  border  is  narrow,  thick, 
and  serrated,  for  articulation  with  the  nasal  notch  of  the  frontal  bone.  The  inferior 
border  is  broad,  thin,  sharp,  inclined  obliquely  downward,  outward,  and  back- 
ward, and  serves  for  the  attachment  of  the  lateral  cartilage  of  the  nose.  This 
border  presents,  about  its  middle,  a  notch,  through  which  passes  the  branch  of  the 
nasal  nerve  above  referred  to,  and  is  prolonged  at  its  inner  extremity  into  a  sharp 

spine,  which,  when  articulated 

with  the  opposite  bone,  forms 

the  tiasal  angle.     The  external 

border  is  serrated,  bevelled  at 

the  expense  of  the  internal  sur- 
face above  and  of  the  external 

below,  to  articulate   with    the 

nasal  process  of  the  superior 

maxillarv.     The  internal  bor- 

der,  thicker  above  than  below, 

articulates   with   its   fellow   of 

the  opposite  side,  and  is  pro- 
longed behind  into  a  vertical 

crest  which   forms  part  of  the 
septum  of  the  nose ;  this  crest  articulates  with  the  nasal  spine  of  the  frontal  above, 
and  the  perpendicular  plate  of  the  ethmoid  below. 

Deyelopment. — By  one  centre  for  each  bone,  which  appears  about  the  same 
period  as  in  the  vertebrae. 

ArticQlations. — With  four  bones :  two  of  the  cranium,  the  frontal  and  ethmoid, 
and  two  of  the  face,  the  opposite  nasal  and  the  superior  maxillary. 

Attachment  of  Muscles. — A  few  fibres  of  the  Occipito-frontalis  muscle. 


With  frtmUd  bane. 


With 
'oppotHe  bone. 


Outer  iSiirface, 
Fig.  132.— Right  nasal  bone. 


With 
frontal  spine. 

Crest. 

With 
perpendicular 
plate  of 
ethmoid. 


Groove  for  nasal  nerve. 


Liner  Surface. 

Fig.  153.— LeA  nasal  bone. 


The  Superior  Maxillary  Bones. 

The  Snperior  Maxillary  (maxilla,  the  jaw-bone)  is  one  of  the  most  important 
Wes  of  the  face  from  a  surgical  point  of  view,  on  account  of  the  number  of  diseases 
to  which  some  of  its  parts  are  liable.  Its  careful  examination  becomes,  therefore, 
a  matter  of  considerable  interest.  It  is  the  largest  bone  of  the  face,  excepting  the 
lower  jaw,  and  forms,  by  its  union  with  its  fellow  of  the  opposite  side,  the  whole 

'  W.  W.  Keen,  American  edition,  p.  186. 


192  THE  SKELETON. 

of  the  upper  jaw.  Each  bone  assists  in  the  formation  of  three  cavities,  the  roof  of 
the  mouth,  the  floor  and  outer  wall  of  the  nasal  fossie,  and  the  floor  of  the 
orbit,  and  also  enters  into  the  formation  of  two  fossae,  the  zygomatic  and  spheno- 
maxillary, and  two  fissures,  the  spbeno-maxillary  and  ptery go-maxillary. 

The  bone  presents  for  examination  a  body  and  four  processes — malar,  nasal, 
alveolar,  and  palate. 

The  body  is  somewhat  cuboid,  and  is  hollowed  nut  in  its  interior  to  form  a  large 
cavity,  the  anfrum  of  Highmure.  Its  surfaces  are  four — an  external  or  facial,  a 
posterior  or  zygomatic,  a  superior  or  orbital,  and  an  internal. 

The  ezteruftl  or  facial  surface  (Fig-  154)  is  directed  forward  and  ontward. 
Just  above  the  incisor  teeth  is  a  depression,  the  incisive  or  myrtifomi  fos»a,  which 
gives  origin  to  the  Depressor  ahe  nasi;  and  below  it  to  the  alveolar  border  is 
attached  a  slip  of  the  Orbicularis  oris.  Above  and  a  little  external  to  it  the 
Compressor  nasi  arises.     More  external  is  another  depression,  the  canine  foam. 

Outer  Surface. 


PatUHor  dental 


Fia.  IM.— Left  BUperlor  maxillary  Ixine.    Outer  surbre. 

larger  and  deeper  than  the  incisive  fossa,  from  which  it  is  separated  by  a  vertical 
ridge,  the  •■anine  eminence,  corresponding  to  the  socket  of  the  canine  tooth.  The 
canine  fossa  gives  origin  to  the  Levator  anguli  oris.  Above  the  canine  fossa  is  the 
infraorbital  foramen,  tha  termination  of  the  infraorbital  canal;  it  transmits  the 
infraorbital  vessels  and  nerve.  Above  the  infraorbital  foramen  is  the  margin  of 
the  orbit,  which  affords  partial  attachment  to  the  Levator  labii  superioris  proprius. 
To  the  sharp  margin  of  bone  which  bounds  this  surface  in  front  and  separates  it 
from  the  internal  surface  is  attached  the  Dilator  naris  posterior. 

The  posterior  or  zygomatic  sur&ce  is  convex,  directed  backward  and  outward, 
and  forms  part  of  the  zygomatic  fossa.  It  presents  about  its  centre  several  aper- 
tures leading  to  canals  in  the  substance  of  the  bone;  they  are  termed  the  posterior 
dental  r{uials.  and  transmit  the  posterior  dental  vessels  and  nerves.  At  the  lower 
part  of  this  surface  is  a  rounded  eminence,  the  maxillary  tuberosity,  especially 
prominent  after  the  growth  of  the  wisdom-tooth,  rough  on  its  inner  side  for  artic- 
ulation with  the  tuberosity  of  the  palate  bone,  and  sometimes  with  the  external 
pterygoid  plate.     It  gives  attachment  to  a  few  fibres  of  origin  of  the  Internal 
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pterygoid  muscle.  Immediately  above  the  rough  surface  is  a  groove  which,  ruD- 
DiDg  obliauely  down  on  the  inner  surface  of  the  bone,  is  converted  into  a  canal 
bj  articulation  with  the  palate-bone  forming  the  posterior  palatine  canal. 

The  saperior  or  otbitol  snrfiue  is  thin,  smooth,  triangular,  and  forms  part  of 
the  floor  of  the  orbit.  It  is  bounded  internally  by  an  irregular  margin  which 
in  front  presents  a  notch,  the  lachrymal  notch,  which  receives  the  lachrj'mal  hone ; 
in  the  middle  articulates  with  the  os  planum  of  the  ethmoid,  and  behind  with  the 
orbital  process  of  the  palate  bone  ;  bounded  externally  by  a  smooth,  rounded  edge 
which  enters  into  the  formation  of  the  spheno-maxillary  fissure,  and  which  some- 
times articulates  at  its  anterior  extremity  with  the  orbital  plate  of  the  sphenoid ; 
hounded  in  front  by  part  of  the  circumference  of  the  orbit,  which  is  continuoua 
m  the  inner  side  with  the  nasal,  on  the  outer  side  with  the  malar,  process.  Along 
the  middle  line  of  the  orbital  surface  is  a  deep  groove,  the  infraorbital,  for  the 
jiassage  of  the  infraorbital  vessels  and  nerve.  The  groove  commences  at  the  mid- 
dle of  the  outer  border  of  this  surface,  and,  passing  forward,  terminates  in  a  canal, 
which  subdivides  into  two  branches.  One  of  the  canals,  the  infraorbital,  opens 
just  below  the  margin  of  the  orbit;  the  other,  which  is  smaller,  runs  in  the  sub- 
stance of  the  anterior  wall  of  the  antrum ;  it  is  called  the  anterior  dental  canal, 
md  transmits  the  anterior  dental  vessels  and  nerve  to  the  front  teeth  of  the  upper 
jaw.  From  the  back  part  of  the  infraorbital  canal  a  second  small  canal  is  some- 
limes  given  off,  which  runs  in  the  substance  of  the  bone,  and  conveys  the  middle 
dental  nerve  to  the  bicuspid  teeth.  Occasionally,  this  canal  is  derived  from  the 
anterior  dental.  At  the  inner  and  fore  part  of  the  orbital  surface,  just  external 
M  the  lachrymal  groove  for  the  nasal  duct,  is  a  depression  which  gives  origin  to 
the  Inferior  oblique  muscle  of  the  eye. 

The  internal  rarfitca  (Fig.  155)  is  onequally  divided  into  two  parts  by  a  hori- 
lontal  projection  of  bone,  the  palate  proce»» :  the  portion  above  the  palate  process 


Fio.  ISS.— Left  EUpeiioi  s 


fonns  part  of  the  outer  wall  of  the  naj^al  fossse ;  that  below  it  forms  part  of  the 
faviiy  of  the  mouth.  The  superior  division  of  this  surface  presents  a  large,  irreg- 
"fir  opening  leading  into  the  antrum  of  Highmore.  At  the  upper  border  of  this 
tperture  are  numerous  broken  cellular  cavities,  which  in  the  articulated  skull  are 
t^^lowd  in  by  the  ethmoid  and  lachrymal  bones.     Below  the  aperture  is  a  smooth 
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concavity  which  forms  part  of  the  inferior  meatus  of  the  nasal  fossae,  and  behind 
it  is  a  rough  surface  which  articulates  with  the  perpendicular  plate  of  the  palate 
bone,  traversed  by  a  groove  which,  commencing  near  the  middle  of  the  posterior 
border,  runs  obliquely  downward  and  forward,  and  forms,  when  completed  by  its 
articulation  with  the  palate  bone,  the  posterior  palatine  canal.  In  front  of  the 
opening  of  the  antrum  is  a  deep  groove,  converted  into  a  canal  by  the  lachrymal 
and  inferior  turbinated  bones.  It  is  called  the  lachrymal  groove,  and  lodges  the 
nasal  duct.  More  anteriorly  is  a  well-marked  rough  ridge,  the  inferior  turbinated 
crest,  for  articulation  with  the  inferior  turbinated  bone.  The  concavity  above 
this  ridge  forms  part  of  the  middle  meatus  of  the  nose,  whilst  that  below  it  forms 
part  of  the  inferior  meatus.  The  portion  of  this  surface  below  the  palate  process 
is  concave,  rough  and  uneven,  and  perforated  by  numerous  small  foramina  for  the 
passage  of  nutrient  vessels.     It  enters  into  the  formation  of  the  roof  of  the  mouth. 

The  Antrum  of  Highmore,  or  ISiazillary  Sinus,  is  a  large,  pyramidal  cavity 
hollowed  out  of  the  body  of  the  maxillary  bone :  its  apex,  directed  outward,  is 
formed  by  the  malar  process ;  its  base,  by  the  outer  wall  of  the  nose.  Its  walls 
are  everywhere  exceedingly  thin,  and  correspond  to  the  orbital,  facial,  and  zygo- 
matic surfaces  of  the  body  of  the  bone.  Its  inner  wall,  or  base,  presents,  in  the 
disarticulated  bone,  a  large,  irregular  aperture,  which  communicates  with  the 
nasal  fossa.  The  margins  of  this  aperture  are  thin  and  ragged,  and  the  aperture 
itself  is  much  contracted  bv  its  articulation  with  the  ethmoid  above,  the  inferior 
turbinated  below,  and  the  palate  bone  behind.^  In  the  articulated  skull  this  cavity 
communicates  with  the  middle  meatus  of  the  nasal  fossae,  generally  by  two  small 
apertures  left  between  the  above-mentioned  bones.  In  the  recent  state  usually 
only  one  small  opening  exists,  near  the  upper  part  of  the  cavity,  suflSciently  large 
to  admit  the  end  of  a  probe,  the  other  being  closed  by  the  lining  membrane  of 
the  sinus. 

Crossing  the  cavity  of  the  antrum  are  often  seen  several  projecting  laminae  of 
bone,  similar  to  those  seen  in  the  sinuses  of  the  cranium ;  and  on  its  posterior  wall 
are  the  posterior  dental  canals,  transmitting  the  posterior  dental  vessels  and  nerves 
to  the  teeth.  Projecting  into  the  floor  are  several  conical  processes,  corresponding 
to  the  roots  of  the  first  and  second  molar  teeth  ;*  in  some  cases  the  floor  is  perfo- 
rated by  the  teeth  in  this  situation. 

It  is  from  the  extreme  thinness  of  the  walls  of  this  cavity  that  we  are  enabled  to  explain 
how  a  tumor  growing  from  the  antrum  encroaches  upon  the  adjacent  parts,  pushing  up  the  floor 
of  the  orbit,  and  displacing  the  eyeball,  projecting  inward  into  the  nose,  protruding  lorward  on 
to  the  cheek,  and  making  its  way  backward  into  the  zygomatic  fossa  and  downward  into  the 
mouth. 

The  Malar  Process  is  a  rough,  triangular  eminence,  situated  at  the  angle  of 
separation  of  the  facial  from  the  zygomatic  surface.  In  front  it  is  concave,  fonn- 
ing  part  of  the  facial  surface ;  behind  it  is  also  concave,  and  forms  part  of  the 
zygomatic  fossa ;  above  it  is  rough  and  serrated  for  articulation  with  the  malar 
bone ;  whilst  below  a  prominent  ridge  marks  the  division  between  the  facial  and 
zygomatic  surfaces.     A  small  part  of  the  Masseter  muscle  arises  from  this  process. 

The  Nasal  Process  is  a  thick,  triangular  plate  of  bone,  which  projects  upward, 
inward,  and  backward  by  the  side  of  the  nose,  forming  part  of  its  lateral  boundary. 
Its  external  surface  is  concave,  smooth,  perforated  by  numerous  foramina,  and 
gives  attachment  to  the  Levator  labii  superioris  alaeque  nasi,  the  Orbicularis 
palpebrarum,  and  Tendo  oculi.  Its  internal  surface  forms  part  of  the  outer  wall 
of  the  nose:  at  its  upper  part  it  presents  a  rough,  uneven  surface,  which 
articulates  with  the  ethmoid  bone,  closing  in  the  anterior  ethmoidal  cells ;  below 
this  is  a  transverse  ridge,  the  superior  turbinated  crest,  for  articulation  with  the 

*  In  some  cases,  at  any  rate,  the  lachrymal  bone  encroaches  slightly  on  the  anterior  superior  por- 
tion of  the  opening,  and  assists  in  forming  the  inner  wall  of  the  antrum. 

*  The  number  of  teeth  whose  fangs  are  in  relation  with  the  floor  of  the  antrum  is  variable.  The 
antrum  "  may  extend  so  as  to  be  in  relation  to  all  the  teeth  of  the  true  maxilla,  from  the  canine  to 
the  dens  mmeiUifje"  (8ee  Mr.  Salter  on  Abscess  of  the  Antrum,  in  a  System  of  Surgery,  edited  by  T. 
Holmes,  2a  ed.  vol.  iv.  p.  356.) 
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middle  turbinated  bone  of  the  ethmoid,  bounded  below  by  a  smooth  concavity 
which  forma  part  of  the  middle  meatus ;  below  this  again  is  the  inferior  turbinated 
crest  (already  described),  where  the  process  joins  the  body  of  the  bone.  Its  upper 
bnrder  articulates  with  the  frontal  bone.  The  anterior  border  of  the  nasal  process 
is  thin,  directed  obliquely  downward  and  forward,  and  presents  a  serrated  edge 
for  articulation  with  the  nasal  bone;  its  pogterior  border  is  thick,  and  hollowed 
into  a  groove,  the  lachrymal  groove^  for  the  nasal  duct :  of  the  two  margins  of  this 
groove,  the  inner  one  articulates  with  the  lachrymal  bone,  the  outer  one  forms 
part  of  the  circumference  of  the  orbit.  Just  where  the  latter  joins  the  orbital 
surface  is  a  small  tubercle,  the  lachrymal  tubercle ;  this  serves  as  a  guide  to  the 
position  of  the  lachrymal  sac  in  the  operation  for  fistula  lachrymalis.  The 
lachrymal  groove  in  the  articulated  skull  is  converted  into  a  canal  by  the  lachrymal 
Woe  and  lachrymal  process  of  the  inferior  turbinated ;  it  is  directed  downward, 
and  a  little  backward  and  outward,  is  about  the  diameter  of  a  goose-quill,  slightly 


Mrrower  in  the  middle  than  at  either  extremity,  and  terminates  below  in  the 
inferior  meatas.     It  lodges  the  nasal  duct. 

The  Alveolsr  Proceas  is  the  thickest  and  most  spongy  part  of  the  bone,  broader 
behind  than  in  front,  and  excavated  into  deep  cavities  for  the  reception  of  the  teeth. 
These  cavities  are  eight  in  number,  and  vary  in  size  and  depth  according  to  the 
iwh  ibey  contain.  That  for  the  canine  tooth  is  the  deepest ;  those  for  the  molars 
%K  the  widest,  and  subdivided  into  minor  cavities ;  those  for  the  incisors  are  single, 
kt  deep  and  narrow.  The  Buccinator  muscle  arises  from  the  outer  surface  of  this 
process,  as  far  forward  as  the  first  molar  tooth. 

The  Palate  Process,  thick  and  strong,  projects  horizontally  inward  from  the 
iEDer  surface  of  the  hone.  It  is  much  thicker  in  front  than  behind,  and  forms  a 
piDsiderable  part  of  the  floor  of  the  nostril  and  the  roof  of  the  mouth. 

Its  inferior  surface  (Fig,  156)  is  concave,  rough  and  uneven,  and  forms  part  of 
the  roof  of  the  mouth.  This  surface  is  perforated  by  numerous  foramina  for  the 
f*«age  of  the  nutrient  vessels,  channelled  at  the  hack  part  of  its  alveolar  border 
be  a  longitudinal  groove,  sometimes  a  canal,  for  the  transmission  of  the  posterior 
|»l»iine  vessels,  and  the  anterior  anil  external  palatine  nerves  from  Meckel's  gan- 
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glion,  and  presents  little  depressions  for  the  lodgment  of  the  palatine  glands.  When 
the  two  superior  maxillary  bones  are  articulated  together,  a  large  orifice  may  be 
Been  in  the  middle  line,  immediately  behind  the  incisor  teeth.  This  is  the  aw/fWor 
palatine  canal  or  fossa.  This  canal,  as  it  passes  through  the  thickness  of  the  palate 
process,  is  divided  into  four  compartments ;  that  is  to  say,  two  canals  branch  olf 
laterally  to  the  right  and  left  nasal  fossse,  and  two  canals,  one  in  front  and  one 
behind,  lie  in  the  middle  line.  The  former  pair  of  these  canals  is  named  ihe 
foramina  of  Stenson,  and  through  them  passes  the  anterior  or  terminal  branch  of 
the  descending  or  posterior  palatine  arteries,  which  ascend  from  the  mouth  to 
the  nasal  fossre.  The  remaining  pair  of  canals  is  termed  the  foramina  of 
Scarpa,  and  transmit  the  naso-palatine  nerves,  the  left  passing  through  the 
anterior,  and  the  right  through  the  posterior,  canal.  On  the  palatal  surface  of 
the  process  a  delicate  linear  suture  may  sometimes  be  seen  extending  from  the 
anterior  palatine  fossa  to  the  interval  between  the  lateral  incisor  and  the  canine 
tooth.  This  marks  out  the  intermaxillary  or  incisive  bone  which  in  some 
animals  exists  permanently  as  a  separate  piece.  It  includes  the  whole  thickness 
of  the  alveolus,  the  corresponding  part  of  the  floor  of  the  nose,  and  the  anterior 
nasal  spine,  and  contains  the  sockets  of  the  incisor  teeth.  One  or  two  small 
foramina  in  the  alveolar  margin  behind  the  incisor  teeth  are  occasionally  seen  in 
the  adtilt,  almost  constantly  in  the  young  subject.  They  are  called  the  inci.sive 
foramina,  and  transmit  vessels  and  nerves  to  tbc  incisor  teeth.  The  ujiper  surface 
is  concave  from  side  to  side,  smooth,  and  forma  part  of  the  floor  of  the  nose. 
It  presents  the  upper  orifices  of  the  foramina  of  Stenson  and  Scarpa,  the  foraier 
being  on  each  side  of  the  middle  line,  the  latter  being  situated  in  the  intermaxil- 
lary suture,  and  therefore  not  visible  unless  the  two  bones  are  placed  in  apposition. 
The  outer  border  of  the  palate  process  is  incorporated  with  the  rest  of  the  bone. 
The  inner  border  is  thicker  in  front  than  behind,  and  is  raised  above  into  a  ridge, 
the  naaal  crest,  which,  with  the  corresponding  ridge  in  the  opposite  bone,  forms  a 
groove  for  the  reception  of  the  vomer.  In  front  this  crest  rises  to  a  considerable 
height,  and  this  portion  is  named  the  incisor  crest.  The  anterior  margin  is 
bounded  by  the  thin,  concave  border  of  the  opening  of  the  nose,  prolonged  forward 
internally  into  a  sharp  process,  forming,  witn  a  similar 
process  of  the  opposite  bone,  the  anterior  nasal  spine. 
The  posterior  border  is  serrated  for  articulation  with  the 
horizontal  plate  of  the  palate  hone. 

Development. — This    bone    commences    to   ossify  at 

a  very  early  period,  and  ossification  proceeds  in  it  with 

great  rapidity,  so  that   it  is  difficult  to  ascertain  with 

certainty   its   precise   number   of    centres.    It   appears. 

Anterior  Surfofx  however,  probable  that  it  is  ossified  by  five  primary  and 

two   secondary   centres.     The    primary   centres  appear 

about  the  seventh  or  eighth  week;  first,  one  each  for  the 

facial  surface,  the  posterior  part  of  the  alveolus,  and  the 

orbital  plate,  and  a   few  days  later  one  for  the  palate 

process,  and   one   for   the    front  part   of   the   alveolus, 

which  carries  the  incisor  teeth,  and  which  corresponds 

to   the    pre-maxiliary  bone  of    the   lower  animal.s.      All 

these,    except    the    last,    speedily     fuse,    and     the     two 

secondary   centres,    one    for    the    nasal    process   and    the 

Inferior  Surface.  other  for  the  malar  process,  appear  and  join  the  rest  of 

Fio.  157.— Development  of    the  bone.     Bv  the  tenth  week  the  bone  consists  of  two 

Bui*rior  maiiuaiy  bone.    At    pm-tions — the  greater  part  of  the  bone  formed  of  six  out 

of  the  seven  centres  and  the  pre-maxillary  portion.     The 

suture  between  these  two  portions  on  the  palate  persists  till  middle  life,  but   is 

not  to  he  seen  on   the    facial  surface.     This  is  believed  by  Callender  to  be  due 

to  the  fact  that  the  front  wall  of  the  sockets  of  the  incisive  teeth  is  not  formed 

by  the  pre-maxillary  bone,  but  by  an  outgrowth   from  the  facial   part  of  the 
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superior  maxilla.  The  antrum  appears  as  a  shallow  groove  on  the  inner  surface 
of  ihe  bone  at  an  earlier  period  than  any  of  the  other  nasal  sinuaes,  its  develop- 
ment commencing  about  the  fourth  month  of  fcetal  life.  The  sockets  for  the 
leeth  are  formed  by  the  growing  downward  of  two  plates  from  the  dental  groove, 
vbich  subsequently  becomes  divided  by  partitions  jutting  across  from  the  one  to 
ihe  other. 

ArticiilationB. — With  nine  bones :  two  of  the  cranium,  the  frontal  and  ethmoid, 
and  seven  of  the  face — viz.  the  nasal,  malar,  lachrymal,  inferior  turbinated,  palate, 
Tomer,  and  its  fellow  of  the  opposite  side.  Sometimes  it  articulates  with  the  orbital 
plate  of  the  sphenoid,  and  sometimes  with  its  external  pterygoid  plate. 

Attachment  of  Unscles. — To  twelve:  the  Orbicularis  palpebrarum,  Obliquus 
oculi  inferior,  Levator  labii  euperioris  alfeque  nasi.  Levator  labii  superioria 
praprios,  Levator  anguli  oris,  Compressor  nasi,  Depre.'^aor  alie  nasi,  Dilatator 
naris  posterior,  Masseter,  Buccinator,  Internal  pterygoid,  and  Orbicularis  oris. 

CH.A.NGES  PRODUCED  IN  THE  UPPER  JAW  BY  AGE. 

At  birth  and  during  infancy  the  diameter  of  the  bone  ia  greater  in  an  an tero- posterior 
tban  in  a  vertical  direction,  lis  nasal  process  ia  long,  its  orbital  surface  large,  and  its  tuberosity 
■fU  marked.  In  the  adult  the  vertical  diameter  is  the  greater,  owing  to  the  development  of 
ihe  alveolar  process  and  the  increase  in  size  of  the  antrum.  In  old  age  the  bone  approaches 
aiain  in  character  to  ihe  infantile  condition  :  its  height  is  diminished,  and  after  the  loss  of  the 
leetb  the  alveolar  process  is  absorbed,  and  the  lower  part  of  the  bone  contracted  and  diminished 
in  ihickness. 

The  Lachrymal  Bones. 

The  LadiTTiiud  {lachryma,  a  tear)  are  the  smallest  and  most  fragile  bones  of 
ihe  face.  They  are  situated  at  the  front  part  of  the  inner  wall  of  the  orbit,  and 
resemble  somewhat  in  form,  thinness,  and  size,  a  finger-nail ;  hence  they  are 
termed  the  ogsa  unguu.  Each  bone  presents  for  examination  two  surfaces  and 
fi>iir  borders.  The  external  or  orbital  surface  (Fig.  158)  is  divided  by  a  vertical 
ri(ige,  the  lachrymal  crest,  into  two  parts.  The  portion  of 
Viae  in   front  of   this    ridge    presents   a   smooth,    concave,  wmenmua. 

l"n»itudina!  groove,  the  free  margin  of  which  unites  with  the 
nasal  process  of  the  superior  maxillary  bone,  completing  the  [ 

Iscbrymal  groove.     The  upper  part  of  this  groove  lodges  the  \ 

Isehrymal   sac ;   the  lower  part  lodges  the  nasal  duct.      The  % 

p-irtion  of  bone  behind  the  ridge  is  smooth,  slightlv  concave,  I; 

md  forms  part  of  the  inner  wall  of  the  orbit.     The  ridge,  i 

■iib  a  part  of  the  orbital  surface  immediately  behind  it, 
iffords  attachment  to  the  Tensor  tarsi :  the  ridge  terminates 
belnw  in  a  small,  hook-like  projection,  the  hamular  proces», 
which  articulates  with  the  lachrymal   tubercle  of  the  superior  ^^  p^ 

miillarv  bone,  and  completes  the  upper  orifice  of  the  lach-  „  .„,... 
rvmal  groove,  it  sometimes  exists  as  a  separate  piece,  which  rymai  bone.  Eiiemai 
iiiieocaUed  the  lesser lat^hryTnalbomi.  The  internal  ornasal  \^^^j  tsughUy  en- 
'iir&ce  presents  a  depressed  furrow,  corresponding  to  the 
riiige  on  its  outer  surface.  The  surface  of  bone  in  front  of  this  forms  part  of 
'lie  middle  meatus,  and  that  behind  it  articulates  with  the  ethmoid  bone,  filling  in 
ibe  anterior  ethmoidal  cells.  Of  the  four  borders,  the  anterior  is  the  longest,  and 
•niculates  with  the  nasal  process  of  the  superior  maxillary  bone.  The  posterior, 
lijin  and  uneven,  articulates  with  the  os  planum  of  the  ethmoid.  The  superior, 
iW  shortest  and  thickest,  articulates  with  the  internal  angular  process  of  the 
fwDtal  bone.  The  inferior  is  divided  by  the  lower  edge  of  the  vertical  crest  into 
i»<]  parts;  the  posterior  part  articulates  with  the  orbital  plate  of  the  superior 
niaxilUrv  bone;  the  anterior  portion  is  prolonged  downward  into  a  pointed  prt>- 
w?.  which  articulates  with  the  lachrymal  process  of  the  inferior  turbinated  hone 
and  assists  in  the  formation  of  the  lachrymal  groove. 
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Deyelopment. — By  a  single  centre,  which  makes  its  appearance  soon  after 
ossification  of  the  vertebrae  has  commenced. 

Articulations. — With  four  bones :  two  of  the  cranium,  the  frontal  and  ethmoid, 
and  two  of  the  face,  the  superior  maxillary  and  the  inferior  turbinated. 

Attachment  of  Muscles. — To  one  muscle,  the  Tensor  tarsi. 

The  Malar  Bones. 

The  B£alar  (mala,  the  cheek)  are  two  small,  quadrangular  bones,  situated  at 
the  upper  and  outer  part  of  the  face :  they  form  the  prominence  of  the  cheek,  part 
of  the  outer  wall  and  floor  of  the  orbit,  and  part  of  the  temporal  and  zygomatic 
fossae.  Each  bone  presents  for  examination  an  external  and  an  internal  surface ; 
four  processes,  the  frontal,  orbital,  maxillary,  and  zygomatic ;  and  four  borders. 
The  external  surface  (Fig.  159)  is  smooth,  convex,  perforated  near  its  centre  by 
one  or  two  small  apertures,  the  malar  foramina,  for  the  passage  of  nerves  and 
vessels,  covered  by  the  Orbicularis  palpebrarum  muscle,  and  affords  attachment  to 
the  Zygomaticus  major  and  minor  muscles. 

The  internal  suilace  (Fig.  160),  directed  backward  and  inward,  is  concave, 
presenting  internally  a  rough,  triangular  surface,  for  articulation  wath  the  supe- 
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malar  canals. 


With  frontal. 


Fig.  159.— Left  malar  bone.    Outer  surface. 


Fio.  160.— Left  malar  bone.    Inner  surface. 


rior  maxillary  bone ;  and  externally,  a  smooth,  concave  surface,  which  above  forms 
the  anterior  boundary  of  the  temporal  fossa,  and  below,  where  it  is  wider,  forms 
part  of  the  zygomatic  fossa.  This  surface  presents,  a  little  above  its  centre,  the 
aperture  of  one  or  two  malar  canals,  and  affords  attachment  to  part  of  two  muscles, 
the  Temporal  above  and  the  Masseter  below.  Of  the  four  processes,  the  frontal 
is  thick  and  serrated,  and  articulates  with  the  external  angular  process  of  the 
frontal  bone.  The  orbital  process  is  a  thick  and  strong  plate,  which  projects 
backward  from  the  orbital  margin  of  the  bone.  Its  supero-internal  surface, 
smooth  and  concave,  forms,  by  its  junction  with  the  orbital  surface  of  the  superior 
maxillary  bone  and  with  the  great  wing  of  the  sphenoid,  part  of  the  floor  and 
outer  wall  of  the  orbit.  Its  infero-extemal  surface,  smooth  and  convex,  forms 
part  of  the  zygomatic  and  temporal  fossae.  Its  anterior  margin  is  smooth  and 
rounded,  forming  part  of  the  circumference  of  the  orbit.  Its  stiperior  margin, 
rough  and  directed  horizontally,  articulates  with  the  frontal  bone  behind  the 
external  angular  process.  Ix.^  posterior  margin  is  rough,  and  serrated  for  articu- 
lation with  the  sphenoid ;  internaUy  it  is  also  serrated  for  articulation  with  the 
orbital  surface  of  the  superior  maxillary.  At  the  angle  of  junction  of  the  sphe- 
noidal and  maxillary  portions  a  short,  rounded,  non-articular  margin  is  generally 
seen ;  this  forms  the  anterior  boundary  of  the  spheno-maxillary  fissure :  occasion- 
ally, no  such  non-articular  margin  exists,  the  fissure  being  completed  by  the  direct 
junction  of  the  maxillary  and  sphenoid  bones  or  by  the  interposition  of  a  small 


THE  PALATE  BONES.  199 

Wormian  bone  in  the  angular  interval  between  them.  On  the  upper  surface  of 
the  orbital  process  are  seen  the  orifices  of  one  or  two  temporo-malar  canals ;  one 
of  these  usually  opens  on  the  posterior  surface,  the  other  (occasionally  two)  on 
the  facial  surface  :  they  transmit  filaments  (temporo-malar)  of  the  orbital  branch 
of  the  superior  maxillary  nerve.  The  maxillary  process  is  a  rough,  triangular 
surface  which  articulates  with  the  superior  maxillary  bone.  The  zygomatic  pro- 
cess, long,  narrow,  and  serrated,  articulates  with  the  zygomatic  process  of  the 
temporal  bone.  Of  the  four  borders,  the  antero-auperior  or  orbital  is  smooth, 
arched,  and  forms  a  considerable  part  of  the  circumference  of  the  orbit.  The 
antero'inferior  or  maxillary  border  is  rough,  and  bevelled  at  the  expense  of  its 
inner  table,  to  articulate  with  the  superior  maxillary  bone;  aifording  attachment 
bv  its  margin  to  the  Levator  labii  superioris  proprius,  just  at  its  point  of  junction 
with  the  superior  maxillary.  The  postero-superior  or  temporal  border,  curved  like 
an  italic  letter/,  is  continuous  above  with  the  commencement  of  the  temporal 
ridge ;  below,  with  the  upper  border  of  the  zygomatic  arch :  it  aifords  attachment 
to  the  temporal  fascia.  The  postero-inferior  or  zygomatic  border  is  continuous 
with  the  lower  border  of  the  zygomatic  arch,  affording  attachment  by  its  rough 
edge  to  the  Masseter  muscle. 

Development. — The  malar  bone  ossifies  generally  from  two,  but  occasionally 
from  three,  centres.  One,  which  forms  the  chief  part  of  the  bone,  appears  about 
the  seventh  week,  near  the  orbital  margin.  The  second  appears  somewhat  later, 
along  the  lower  margin.  The  third,  when  it  exists,  is  found  in  the  hinder  border. 
The  bone  is  sometimes,  after  birth,  seen  to  be  divided  by  a  horizontal  suture  into 
an  apper  and  larger  division  and  a  lower  and  smaller.  This  divided  condition  is 
probably  due  to  the  persistent  separation  of  the  two  centres  of  ossification.  In 
some  quadrumana  the  malar  bone  consists  of  two  parts,  an  orbital  and  a  malar, 
which  are  ossified  by  separate  centres. 

AxticiilatlonB. — With  four  bones :  three  of  the  cranium,  frontal,  sphenoid,  and 
temporal ;  and  one  of  the  face,  the  superior  maxillary. 

Attachment  of  Muscles. — To  five:  The  Levator  labii  superioris  proprius, 
Zvgomaticus  major  and  minor,  Masseter,  and  Temporal. 

The  Palate  Bones. 

The  Palate  Bones  {palatum^  the  palate)  are  situated  at  the  back  part  of  the 
nasal  fossae :  they  are  wedged  in  between  the  superior  maxillary  bones  and  the 
pterygoid  processes  of  the  sphenoid.  Each  bone  assists  in  the  formation  of  three 
cavities :  the  floor  and  outer  wall  of  the  nose,  the  roof  of  the  mouth,  and  the  floor 
of  the  orbit,  and  enters  into  the  formation  of  two  fossae,  the  spheno-maxillary  and 
pterygoid ;  and  one  fissure,  the  spheno-maxillary.  In  form  the  palate  bone  some- 
what resembles  the  letter  L,  and  may  be  divided  into  an  inferior  or  horizontal 
plate  and  a  superior  or  vertical  plate. 

The  Horizontal  Plate  is  thick,  of  a  quadrilateral  form,  and  presents  two  sur- 
faces and  four  borders.  The  superior  surface,  concave  from  side  to  side,  forms 
the  back  part  of  the  floor  of  the  nostril.  The  inferior  surface,  slightly  concave 
and  rough,  forms  the  back  part  of  the  hard  palate.  At  its  posterior  part  may  be 
:?een  a  transverse  ridge,  more  or  less  marked,  for  the  attachment  of  part  of  the 
aponeurosis  of  the. Tensor  palati  muscle.  At  the  outer  extremity  of  this  ridge  is 
a  deep  groove  converted  into  a  canal  by  its  articulation  with  the  tuberosity  of  the 
superior  maxillary  bone,  and  forming  the  posterior  palatine  canal.  Near  this 
groove  the  orifices  of  one  or  two  small  canals,  accessory  posterior  palatine^  may  be 
seen.  The  anterior  border  is  serrated,  bevelled  at  the  expense  of  its  inferior  sur- 
face, and  articulates  with  the  palate  process  of  the  superior  maxillary  bone.  The 
pnterior  border  is  concave,  free,  and  serves  for  the  attachment  of  the  soft  palate. 
Its  inner  extremity  is  sharp  and  pointed,  and,  when  united  with  the  opposite  bone, 
forms  a  projecting  process,  the  posterior  nasal  spine^  for  the  attachment  of  the 
Azjgoe  uvulae.     The  external  border  is  united  with  the  lower  part  of  the  perpen- 
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dicular  plate  almost  at  right  angles.  The  znfema/ border,  the  thickest,  is  serrated 
for  articulation  with  its  fellow  of  the  opposite  side ;  its  superior  edge  is  raised  into 
a  ridge,  which,  united  with  the  opposite  bone,  forms  a  crest  in  which  the  vomer  is 
received. 

The  Vertical  Plate  (Fig.  161)  is  thin,  of  an  oblong  form,  and  directed  upward 
and  a  little  inward.  It  presents  two  surfaces,  an  external  and  an  internal,  and 
four  borders. 

The  intemal  snr&ce  presents  at  its  lower  part  a  broad,  shallow  depression. 
which  forma  part  of  the  inferior  meatus  of  the  nose.     Immediately  above  this 

is    a   well-marked   horizontal 
OrWtoipi-oeeu.  ridge,  the  inferior  turbinated 

crest,  for  articulation  with  the 
inferior  turbinated  bone ; 
'^'  above  this,    a   second   broad, 

shallow  depression,  which 
forms  part  of  the  middle  mea- 
tus, surmounted  above  by  a 
horizontal  ridge  less  promi- 
nent than  the  inferior,  the 
superior  turbinated  crest,  for 
articulation  with  the  middle 
turbinated  bone.  Above  the 
superior  turbinated  crest  is  a 
narrow,  horizontal  groove, 
which  forms  part  of  the  su- 
perior meatus. 

The  external  sor&ce  is 
rough  and  irregular  through- 
out the  greater  part  of  its 
extent,  for  articulation  with 
the  inner  surface  of  the  su- 
perior maxillary  bone,  its  upper  and  back  part  being  smooth  where  it  enters  into 
the  formation  of  the  apheno-maxillary  fossa;  it  is  also  smooth  in  front,  where  it 
covers  the  orifice  of  the  antrum.  Toward  the  back  part  of  this  surface  is  a  deep 
groove,  converted  into  a  canal,  the  posterior 
palatine,  by  its  articulation  with  the  supe- 
rior maxillary  bone.  It  transmits  the  pos- 
terior or  descending  palatine  vessels  and 
one  of  the  descending  palatine  branches 
from  Meckel's  ganglion. 

The  anterior  border  is  thin,  irregular, 
and  presents,  opposite  the  inferior  turbi- 
nated crest,  a  pointed,  projecting  lamina, 
the  maxillary  jirocess,  which  is  directed 
forward,  and  closes  in  the  lower  and  back 
part  of  the  opening  of  the  antrum.  The 
posterior  border  (Fig.  162)  presents  a  deep 
groove,  the  edges  of  whicn  are  serrated  for 
articulation  with  the  pterygoid  process  of 
the  sphenoid.  At  the  lower  part  of  this 
border  is  seen  a  pyramidal  process  of  bone, 
the  pteryr/itid  process  or  tuberosity  of  the 
palate,  which  is  received  into  the  angular 
interval  between  the  two  pterygoid  plates 
of  the  sphenoid  at  their  inferior  extremity. 
This  ])rocess  presents  at  its  back  part  a 
median  groove  and  two  lateral  surfaces. 


Horizontal  Plate. 

Fia.  Ifil.— Left  palate  bone.    Internal  view.    (Enlarged.) 


Orfiitai  prtKot. 


ISJ,— Left  palate  bi 


The  groove  is  smooth,  and  forms  part 
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of  the  pterygoid  fossa,  affording  attachment  to  the  Internal  pterygoid  muscle ; 
whilst  the  lateral  surfaces  are  rough  and  uneven,  for  articulation  with  the  anterior 
border  of  each  pterygoid  plate.  A  few  fibres  of  the  Superior  constrictor  arise  from 
the  tuberosity  of  the  palate  bone.  The  base  of  this  process,  continuous  with  the 
horizontal  portion  of  the  bone,  presents  the  apertures  of  the  accessory  descending 
palatine  canals^  through  which  pass  the  two  smaller  descending  branches  of 
Meckel's  ganglion ;  whilst  its  outer  surface  is  rough  for  articulation  with  the  inner 
surface  of  the  body  of  the  superior  maxillary  bone. 

The  superior  border  of  the  vertical  plate  presents  two  well-marked  processes 
separated  by  an  intervening  notch  or  foramen.  The  anterior,  or  larger,  is  called 
the  orbital  process  ;  the  posterior,  the  sphenoidal. 

The  Orbital  ProcesSi  directed  upward  and  outward,  is  placed  on  a  higher  level 
than  the  sphenoidal.  It  presents  five  surfaces,  which  enclose  a  hollow  cellular 
cavity,  and  is  connected  to  the  perpendicular  plate  by  a  narrow,  constricted  neck. 
Of  these  five  surfaces,  three  are  articular,  two  non-articular  or  free  surfaces.  The 
three  articular  are  the  anterior  or  maxillary  surface,  which  is  directed  forward, 
outward,  and  downward,  is  of  an  oblong  form,  and  rough  for  articulation  with 
the  superior  maxillary  bone.  The  posterior  or  sphenoidal  surface  is  directed 
backward,  upward,  and  inward.  It  ordinarily  presents  a  small,  open  cell,  which 
communicates  with  the  sphenoidal  cells,  and  the  margins  of  which  are  serrated 
for  articulation  with  the  vertical  part  of  the  sphenoidal  turbinated  bone.  The 
internal  or  ethmoidal  surface  is  directed  inward,  upward,  and  forward,  and 
articulates  with  the  lateral  mass  of  the  ethmoid  bone.  In  some  cases  the  cellular 
cavity  above  mentioned  opens  on  this  surface  of  the  bone ;  it  then  communicates 
with  the  posterior  ethmoidal  cells.  More  rarely  it  opens  on  both  surfaces,  and 
then  communicates  both  with  the  posterior  ethmoidal  and  the  sphenoidal  cells. 
The  non-articular  or  free  surfaces  are  the  superior  or  orbital^  directed  upward  and 
outward,  of  triangular  form,  concave,  smooth,  and  forming  the  back  part  of  the 
floor  of  the  orbit;  and  the  external  or  zygomatic  surface,  directed  outward, 
backward,  and  downward,  of  an  oblong  form,  smooth,  lying  in  the  spheno-maxil- 
lary  fossa,  and  looking  into  the  zygomatic  fossa.  The  latter  surface  is  separated 
from  the  orbital  by  a  smooth,  rounded  border,  which  enters  into  the  formation 
of  the  spheno-maxillary  fissure. 

The  Sphenoidal  Process  of  the  palate  bone  is  a  thin,  compressed  plate,  much 
smaller  than  the  orbital,  and  directed  upwa'rd  and  inward.  It  presents  three 
surfaces  and  two  borders.  The  superior  surface,  the  smallest  of  the  three, 
aniculates  with  the  under  surface  of  the  sphenoidal  turbinated  bone ;  it  presents  a 
groove,  which  contributes  to  the  formation  of  the  pterygo-palatine  canal.  The 
internal  surface  is  concave,  and  forms  part  of  the  outer  wall  of  the  nasal  fossa. 
The  external  surface  is  divided  into  an  articular  and  a  non-articular  portion :  the 
former  is  rough,  for  articulation  with  the  inner  surface  of  the  pterygoid  process 
of  the  sphenoid;  the  latter  is  smooth,  and  forms  part  of  the  spheno-maxillary 
fossa.  The  anterior  border  forms  the  posterior  boundary  of  the  spheno-palatine 
foramen.  The  posterior  border,  serrated  at  the  expense  of  the  outer  table, 
articulates  with  the  inner  surface  of  the  pterygoid  process. 

The  orbital  and  sphenoidal  processes  are  separated  from  one  another  by  a  deep 
notch,  which  is  converted  into  a  foramen,  the  spheno-palatine ^  by  articulation 
with  the  sphenoidal  turbinated  bone.  Sometimes  the  two  processes  are  united 
above,  and  form  between  them  a  complete  foramen,  or  the  notch  is  crossed  by  one 
or  more  spicules  of  bone,  so  as  to  form  two  or  more  foramina.  In  the  articulated 
skull  this  foramen  opens  into  the  back  part  of  the  outer  wall  of  the  superior 
meatus,  and  transmits  the  spheno-palatine  vessels  and  the  superior  nasal  and 
Da»o-paIatine  nerves. 

Derelopment. — From  a  single  centre,  which  makes  its  appearance  about  the 
second  month  at  the  angle  of  junction  of  the  two  plates  of  the  bone.  From  this 
point  ossification  spreads  inward  to  the  horizontal  plate,  downward  into  the 
tuberosity,  and  upward  into  the  vertical  plate.     In  the  foetus  the  horizontal  plate 
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is  much  longer  than  the  vertical,  and  even  after  it  is  fully  ossified  the  whole  bone 
is  at  first  remarkable  for  ita  shortness. 

Articniationa. — With  six  bones :  the  sphenoid,  ethmoid,  superior  maxillarj, 
inferior  turbinated,  vomer,  and  opposite  palate. 

Attachment  of  Unscles. — To  four:  the  Tensor  palati,  Azygos  uvulse,  Internal 
pterygoid,  and  Superior  constrictor  of  the  pharynx. 

The  Inferior  Turbinated  Bones. 

The  Inftrior  Turbinated  Bones  (turbo,  a  i^hirl)  are  situated  one  on  each  side  of 
the  outer  wall  of  the  nasal  fossse.  Each  consists  of  a  layer  of  thin,  spongy  bone, 
curled  upon  itself  like  a  scroll — hence  its  name  "  turbinated  " — and  extends  hori- 
zontally along  the  outer  wall  of  the  nasal  fossa,  immediately  below  the  orifice  of 
the  antrum.     Each  bone  presents  two  surfaces,  two  borders,  and  two  extremities. 

The  Internal  aiir&ce  (Fig.  163)  is  convex,  porforated  by  numerous  apertures, 
and  traversed  by  longitudinal  grooves  and  canals  for  the  lodgment  of  arteries  and 


Pia.  IM.— Right   inferior  turbinated  bone. 
Eiteraal  Bur&ce. 

veins.  In  the  recent  state  it  is  covered  by  the  lining  membrane  of  the  nose.  The 
external  snr&ce  is  concave  (Fig,  164),  and  forms  part  of  the  inferior  meatus.  Its 
upper  border  is  thin,  irregular,  and  connected  to  various  bones  along  the  outer 
wall  of  the  nose.  It  may  be  divided  into  three  portions  :  of  these,  the  anterior 
articulates  with  the  inferior  turbinated  crest  of  the  superior  maxillary  bone;  the 
posterior  with  the  inferior  turbinated  crest  of  the  palate  bone  ;  the  middle  portion 
of  the  superior  border  presents  three  well-marked  processes,  which  vary  much  in 
their  size  and  form.  Of  these,  the  anterior  and  smallest  is  situated  at  the  Junction 
of  the  anterior  fourth  with  the  posterior  three-fourths  of  the  bone :  it  is  small  and 
pointed,  aud  is  called  the  hiehrymal  process;  it  articulates  by  its  apex  with  the 
anterior  inferior  angle  of  the  lachrymal  bone,  and  by  its  margins  with  the  groove 
on  the  back  of  the  nasal  process  of  the  superior  maxillary,  and  thus  assists  in 
forming  the  canal  for  the  nasal  duct.  At  the  junction  of  (he  two  middle  fourths  of 
the  bone,  but  encroaching  on  its  posterior  fourth,  a  broad,  thin  plate,  the  ethmoidal 
process,  ascends  to  join  the  unciform  process  of  the  ethmoid ;  from  the  lower  border 
of  this  process  a  thin  lamina  of  bone  curves  downward  and  outward,  hooking  over 
the  lower  edge  of  the  orifice  of  the  antrum,  which  it  narrows  below :  it  is  called 
the  maxillary  process,  and  fixes  the  bone  firmly  on  to  the  outer  wall  of  the  nasal 
fossa.  The  inferior  border  is  free,  thick,  and  cellular  in  structure,  more  especially 
in  the  middle  of  the  bone.  Both  ertremitieg  are  more  or  less  narrow  and  pointed, 
the  posterior  being  the  more  tapering.  If  the  bone  is  held  so  that  its  outer  con- 
cave surface  is  directed  backward  (i.  e.  toward  the  holder),  and  its  superior  border, 
from  which  the  lachrymal  and  ethmoidal  processes  project,  upward,  the  lachrymal 
process  will  be  directed  to  the  side  to  which  the  bone  belongs.' 

Development. — By  a  single  centre,  which  makes  its  appearance  about  the 
middle  of  foetal  life. 

ArtlcolationB. — With  four  bones:  one  of  the  cranium,  the  ethmoid,  and  three 
of  the  face,  the  superior  maxillary,  lachrymal,  and  palate. 

No  muscles  are  attached  to  this  bone. 

'  If  the  lachrymal  process  is  bmken  of(,  vn  U  often  the  cnse,  the  nide  to  which  the  bone  belongs 
maybe  known  by  recollecting  that  tlie  maxillary  process  is  nearer  the  back  than  the  front  of  the  bone 
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With  9up.  ffuixUl.  bones  and  palate. 
Pio.  165.— The  vomer. 


The  Vomer. 

The  Vomer  (vomer,  a  ploughshare)  is  a  single  bone,  situated  vertically  at  the 
back  part  of  the  nasal  fossae,  forming  part  of  tKe  septum  of  the  nose.  It  is  thin, 
somevrhat  like  a  ploughshare  in  form ;  but  it  varies  in  diiferent  individuals,  being 
frequently  bent  to  one  or  the  other  side ;  it  presents  for  examination  two  surfaces 
and  four  borders.  The  lateral  surfaces  are  smooth,  marked  by  small  furrows  for 
the  lodgment  of  blood-vessels,  and  by  a  groove  on  each  side,  sometimes  a  canal, 
the    naso-palatine^    which    runs 

obliquely  downward  and  forward  ^        -^m 

to  the  intermaxillary  suture ;  it 
transmits  the  naso-palatine 
nerve.  The  superior  border ^  the 
thickest,  presents  a  deep  groove, 
bounded  on  each  side  by  a  hori- 
zontal projecting  ala  of  bone ; 
the  groove  receives  the  rostrum 
of  the  sphenoid,  whilst  the  alae 
are  overlapped  and  retained  by 
laminae  (the  vaginal  processes) 
which  project  from  the  under 
surface  of  the  body  of  the  sphe- 
noid at  the  base  of  the  pterygoid 
processes.  At  the  front  of  the 
groove  a  fissure  is  left  for  the  transmission  of  blood-vessels  to  the  substance  of 
the  bone.  The  inferior  border^  the  longest,  is  broad  and  uneven  in  front,  where 
it  articulates  with  the  two  superior  maxillary  bones;  thin  and  sharp  behind, 
where  it  joins  with  the  palate  bones.  The  upper  half  of  the  anterior  border 
usually  consists  of  two  laminae  of  bone,  between  which  is  received  the  perpendic- 
ular plate  of  the  ethmoid ;  the  lower  half,  also  separated  into  two  laminae,  receives 
between  them  the  lower  margin  of  the  triangular  cartilage  of  the  nose.  The 
posterior  border  is  free,  concave,  and  separates  the  nasal  fossae  behind.  It  is  thick 
and  bifid  above,  thin  below. 

The  surfaces  of  the  vomer  are  covered  by  mucous  membrane,  which  is  intimately 
c-onnected  with  the  periosteum,  with  the  intervention  of  very  little,  if  any,  sub- 
mucous connective  tissue.  Hence  polypi  are  rarely  found  growing  from  this  sur- 
face, though  they  frequently  grow  from  the  outer  wall  of  the  nasal  fossae,  where 
the  submucous  tissue  is  abundant. 

Development. — The  vomer  at  an  early  period  consists  of  two  laminae,  separated 
by  a  very  considerable  interval,  and  enclosing  between  them  a  plate  of  cartilage, 
which  is  prolonged  forward  to  form  the  remainder  of  the  septum.  Ossification 
commences  in  it  by  a  single  centre  about  the  eighth  week.  From  this  nucleus  the 
two  laminae  are  formed.  They  begin  to  coalesce  at  the  lower  part,  but  their  union 
is  not  complete  until  after  puberty. 

Articulatioiis. — With  six  bones :  two  of  the  cranium,  the  sphenoid  and  ethmoid ; 
and  four  of  the  face,  the  two  superior  maxillary  and  the  two  palate  bones ;  and 
with  the  cartilage  of  the  septum. 

The  vomer  has  no  muscles  attached  to  it. 

The  Inferior  Maxillary  Bone. 

The  Inferior  Maxillary  Bone  (the  Mandible),  the  largest  and  strongest  bone 
of  the  face,  serves  for  the  reception  of  the  lower  teeth.  It  consists  of  a  curved, 
horizontal  portion,  the  body,  and  two  perpendicular  portions,  the  rami,  which  join 
the  back  part  of  the  body  nearly  at  right  angles. 

The  Horizontal  Portion  or  Body  (Fig.  166),  is  convex  in  its  general  outline,  and 
curved  somewhat  like  a  horseshoe.  It  presents  for  examination  two  surfaces 
and  two  borders.     The  external  surface  is  convex  from  side  to  side,  concave  from 


204  THE  SKELETON. 

above  downward.  In  the  median  line  is  a  vertical  ridge,  the  symphysis^  which 
extends  from  the  upper  to  the  lower  border  of  the  bone,  and  indicates  the  point  of 
junction  of  the  two  pieces  of  w^hich  the  bone  is  composed  at  an  early  period  of  life. 
The  lower  part  of  the  ridge  terminates  in  a  prominent  triangular  eminence,  the 
mental  process.  This  eminence  is  rounded  below,  and  often  presents  a  median 
depression  separating  two  processes,  the  mental  tubercles.  It  forms  the  chin,  a 
feature  peculiar  to  the  human  skull.  On  either  side  of  the  symphysis,  just  below  the 
cavities  for  the  incisor  teeth,  is  a  depression,  the  incisive  fossa^  for  the  attachment 
of  the  Levator  menti  (or  Levator  labii  inferioris)  ;  more  externally  is  attached  a 
portion  of  the  Orbicularis  oris  (Accessorii  Orbicularis  inferioris),  and,  still  more 
externally,  a  foramen,  the  mental  foramen^  for  the  passage  of  the  mental  vessels 
and  nerve.  This  foramen  is  placed  just  below  the  interval  between  the  two 
bicuspid  teeth.  Running  outward  from  the  base  of  the  mental  process  on 
each  side  is  a  ridge,  the  external  oblique  line.  The  ridge  is  at  first  nearly 
horizontal,  but  afterward  inclines  upward  and  backward,  and  is  continuous 
with  the  anterior  border  of  the  ramus:  it  aifords  attachment  to  the  Depressor 


Coronoid  process.  Condyle. 
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Groove  for  facial  artery. 
Fig.  166.— luferlor  maxillary  bone.    Outer  surface.    Side  view. 
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labii  inferioris  and  Depressor  anguli  oris;   below  it  the  platysma  myoides  is 
attached. 

The  internal  surface  (Fig.  167)  is  concave  from  side  to  side,  convex  from  above 
downward.  In  the  middle  line  is  an  indistinct  linear  depression,  corresponding 
to  the  symphysis  externally ;  on  either  side  of  this  depression,  just  below  its  centre, 
are  four  prominent  tubercles,  placed  in  pairs,  two  above  and  two  below ;  they  are 
called  the  genial  tubercles,  and  afford  attachment,  the  upper  pair  to  the  Genio- 
hyo-glossi  muscles,  the  lower  pair  to  the  Genio-hyoidei  muscles.  Sometimes  the 
tubercles  on  each  side  are  blended  into  one ;  at  others  they  all  unite  into  an  irregular 
eminence ;  or,  again,  nothing  but  an  irregularity  may  be  seen  on  the  surface  of  the 
bone  at  this  part.  On  either  side  of  the  genial  tubercles  is  an  oval  depression,  the 
sublingual  fossa,  for  lodging  the  sublingual  gland ;  and  beneath  the  fossa  a  rough 
depression  on  each  side  which  gives  attachment  to  the  anterior  belly  of  the 
Digastric  muscle.  At  the  back  part  of  the  sublingual  fossa  the  internal  oblique 
line  {inylo-hyoidean)  commences ;  it  is  at  first  faintly  marked,  but  becomes  more 
distinct  as  it  passes  upward  and  outward,  and  is  especially  prominent  opposite 
the  last  two  molar  teeth ;  it  affords  attachment  throughout  its  whole  extent  to  the 
Mylo-hyoid  muscle ;  the  Superior  constrictor  of  the  pharynx  with  the  pterygo- 
maxillary  ligament  being  attached  above  its  posterior  extremity,  near  the  alveolar 
margin.     The  portion  of  the  bone  above  this  ridge  is  smooth,  and  covered  by  the 
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mncous  membratie  of  the  moutli ;  the  portion  below  presents  an  oblong  depression, 
the  »vimaxiUary  fossa,  vider  behind  than  in  front,  for  the  lodgment  of  the  aub- 
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Fio.  lAT.— Inferior  maiillaiy  bone.    Inner  sarflu^.    Side  view. 

maxillary  gland.  The  external  oblique  line  and  the  internal  or  mylo-hyoidean  line 
divide  the  body  of  the  bone  into  a  superior  or  alveolar  and  an  inferior  or  basilar 
portion. 

The  saperior  or  alveolar  border  is  wider,  and  its  margins  thicker,  behind  than 
in  front.  It  is  hollowed  into  numerous  cavities,  for  the  reception  of  the  teeth; 
these  cavities  are  sixteen  in  number,  and  vary  in  depth  and  size  according  to  the 
teeth  which  they  contain.  To  its  outer  side,  the  Buccinator  muscle  is  attached  as 
&r  forward  as  the  first  molar  tooth.  The  inferior  border  is  rounded,  longer  than 
the  superior,  and  thicker  in  front  than  behind ;  it  presents  a  shallow  groove,  just 
where  the  body  joins  the  ramus,  over  which  the  facial  artery  turns. 

The  Perpendicular  Portions,  or  Rami,  are  of  a  quadrilateral  form.  Each 
presents  for  examination  two  surfaces,  four  borders,  and  two  processes.  The 
tziernni  gurfane  is  flat,  marked  with  ridges,  and  gives  attachment  throughout  nearly 
the  whole  of  its  extent  to  the  Masseter  muscle.  The  internal  surface  presents 
about  its  centre  the  oblique  aperture  of  the  inferior  dental  canal,  for  the  passage 
of  the  inferior  dental  vessels  and  nerve.  The  margin  of  this  opening  is  irregular ; 
it  presents  in  front  a  prominent  ridge,  surmounted  by  a  sharp  spine,  the  litigula, 
which  gives  attachment  to  the  internal  lateral  ligament  of  the  lower  jaw,  and  at 
il8  lower  and  back  part  a  notch  leading  to  a  groove,  the  mylo-hyoidean.  which  runs 
obliquely  downward  to  the  back  part  of  the  submaxillary  fossa,  and  lodges  the 
mylo-hyoid  vessels  and  nerve.  Behind  the  groove  is  a  rough  surface,  for  the 
insertion  of  the  Internal  pterygoid  muscle.  The  inferior  dental  canal  runs  obi i(]uely 
downward  and  forward  in  the  substance  of  the  ramus,  and  then  horizontally 
forward  in  the  body  ;  it  is  here  placed  under  the  alveoli,  with  which  it  communi- 
cates by  small  openings.  On  arriving  at  the  incisor  teeth,  it  turns  back  to 
communicate  with  the  mental  foramen,  giving  off  two  small  canals,  which  run 
fomard,  to  be  lost  in  the  cancellous  tissue  of  the  bone  beneath  the  incisor  teeth. 
This  canal,  in  the  posterior  two-thirds  of  the  bone,  is  situated  nearer  the  internal 
surface  of  the  jaw;  and  in  the  anterior  third,  nearer  its  external  sui-face.  Its 
walls  are  composed  of  comjrtict  tissue  at  either  extremity,  and  of  cancellous  in  the 
centre.  It  contains  the  inferior  dental  vessels  and  nerve,  from  which  branches  are 
diitiributed  to  the  teeth  through  small  apertures  at  the  bases  of  the  alveoli.     The 
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lower  border  of  the  ramus  is  thick,  straight,  and  continuous  with  the  body  of  the 
bone.  At  its  junction  with  the  posterior  border  is  the  angle  of  the  jaw ^  which  is 
either  inverted  or  everted,  and  marked  by  rough,  oblique  ridges  on  each  side,  for 
the  attachment  of  the  Masseter  externally,  and  the  Internal  pterygoid  internally ; 
the  stylo-maxillary  ligament  is  attached  to  the  bone  between  these  muscles.  The 
anterior  border  is  thin  above,  thicker  below,  and  continuous  with  the  external 
oblique  line.  The  posterior  border  is  thick,  smooth,  rounded,  and  covered  by  the 
parotid  gland.  The  upper  border  of  the  ramus  is  thin,  and  presents  two  processes, 
separated  by  a  deep  concavity,  the  sigmoid  notch.  Of  these  processes,  the  anterior 
is  the  coronoid^  the  posterior  the  condyloid. 

The  Coronoid  Process  is  a  thin,  flattened,  triangular  eminence  of  bone,  which 
varies  in  shape  and  size  in  diiferent  subjects,  and  serves  chiefly  for  the  attachment 
of  the  Temporal  muscle.  Its  external  surface  is  smooth,  and  affords  attachment 
to  the  Temporal  muscle.  Its  internal  surface  gives  attachment  to  the  Temporal 
muscle,  and  presents  the  commencement  of  a  longitudinal  ridge,  which  is  continued 
to  the  posterior  part  of  the  alveolar  process.  On  the  outer  side  of  this  ridge  is  a 
deep  groove,  continued  below  on  the  outer  side  of  the  alveolar  process ;  this  ridge 
and  part  of  the  groove  afford  attachment,  above,  to  the  Temporal ;  below,  to  the 
Buccinator  muscle. 

The  Condyloid  Process,  shorter  but  thicker  than  the  coronoid,  consists  of  two 
portions :  the  condyle^  and  the  constricted  portion  which  supports  the  condyle,  the 
neck.  The  condyle  is  of  an  oblong  form,  its  long  axis  being  transverse,  and  set 
obliquely  on  the  neck  in  such  a  manner  that  its  outer  end  is  a  little  more  forward 
and  a  little  higher  than  its  inner.  It  is  convex  from  before  backward  and  from 
side  to  side,  the  articular  surface  extending  farther  on  the  posterior  than  on  the 
anterior  aspect.  The  neck  of  the  condyle  is  flattened  from  before  backward,  and 
strengthened  by  ridges  which  descend  from  the  fore  part  and  sides  of  the  condyle. 
Its  lateral  margins  are  narrow,  and  present  externally  a  tubercle  for  the  external 
lateral  ligament.  Its  posterior  surface  is  convex  ;  its  anterior  is  hollowed  out 
on  its  inner  side  by  a  depression  (the  pterygoid  fossd)^  for  the  attachment  of  the 
External  pterygoid. 

The  Sigmoid  Notch,  separating  the  two  processes,  is  a  deep  semilunar  depres- 
sion, crossed  by  the  masseteric  vessels  and  nerve. 

Development. — The  lower  jaw  is  develoj)ed  principally  from  membrane,  but 
partly  from  cartilage.  The  process  of  ossification  commences  early — before,  indeed, 
any  bone  except  the  clavicle.  Between  the  fifth  and  sixth  week  a  centre  of  ossi- 
fication appears  in  the  membrane  on  the  outer  surface  of  Meckel's  cartilage  (see 
page  120),  from  which  the  greater  part  of  the  bone  is  found.  A  second  centre 
appears  in  the  membrane  on  the  inner  surface  of  the  tooth-sockets,  from  which  the 
inner  wall  of  the  sockets  of  the  teeth  is  formed  ;  this  terminates  above  in  the  lingula. 
The  anterior  extremity  of  Meckel's  cartilage  becomes  ossified,  forming  the  body 
of  the  bone  on  each  side  of  the  symphysis.  And,  finally,  two  supplemental  patches 
of  cartilage  appear  at  the  condyle  and  at  the  angle,  in  which  centres  of  ossification 
for  these  parts  appear.  At  birth  the  bone  consists  of  two  halves,  united  by  a 
fibrous  symphysis,  in  which  ossification  takes  place  during  the  first  year. 

Articulation,— With  the  glenoid  fossae  of  the  two  temporal  bones. 

Attachment  of  Muscles. — To  fifteen  pairs  :  to  its  external  surface,  commencing 
at  the  symphysis,  and  proceeding  backward :  Levator  menti.  Depressor  labii  infe- 
rioris.  Depressor  anguli  oris,  Platysma  myoides.  Buccinator,  Masseter ;  a  portion 
of  the  Orbicularis  oris  (Accessorii  orbicularis  inferioris)  is  also  attached  to  this 
surface.  To  its  internal  surface,  commencing  at  the  same  point:  Genio-hyo- 
glossus,  Genio-hyoideus,  Mylo-hyoideus,  Digastric,  Superior  constrictor.  Temporal, 
Internal  pterygoid,  External  pterygoid. 

CHANGES  PRODUCED  IN  THE  LOWER  JAW  BY  AGE. 

The  changes  which  the  lower  jaw  undera:oes  after  birth  relate  ( 1 )  to  the  alterations  effected 
in  the  body  of  the  bone  by  the  first  and  second  dentitions,  the  loss  of  the  teeth  in  the  aged,  and 
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Side  View  of  the  Lower  Jaw  at  Different  Periods  of  Life. 


Fig.  168.— At  birth. 


Fig.  169.— At  puberty. 


Fig.  170.— In  the  Jidult. 


Fig.  171.— In  old  age. 
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the  subsequent  absorption  of  the  alveoli ;  (2)  to  the  size  and  situation  of  the  dental  canal ;  and  (3) 
to  the  angle  at  which  the  ramus  joins  with  the  body. 

At  birth  (Fi^.  168)  the  bone  consists  of  lateral  halves^  united  by  fibrous  tissue.  The  body 
is  a  mere  shell  of  bone,  containing  the  sockets  of  the  two  mcisor,  the  canine,  and  the  two  tem- 
porary molar  teeth,  imperfectly  partitioned  from  one  another.  The  dental  canal  is  of  large  size, 
and  runs  near  the  lower  border  of  the  bone,  the  mental  foramen  opening  beneath  the  socket  of 
the  first  molar.  The  angle  is  obtuse  (175°),  and  the  condyloid  portion  nearly  in  the  same  hori- 
zontal line  with  the  body ;  the  neck  of  the  condyle  is  short,  and  bent  backward.  The  coronoid 
process  is  of  comparatively  large  size,  and  situated  at  right  angles  with  the  rest  of  the  bone. 

After  birth  (Fig.  169)  the  two  segments  of  the  bone  become  joined  at  the  symphysis,  from 
below  upward,  in  the  first  year ;  but  a  trace  of  separation  may  be  visible  in  the  beginning  of  the 
second  year  near  the  alveolar  margin.  The  booy  becomes  elongated  in  its  whole  length,  but 
more  especially  behind  the  mental  foramen,  to  provide  space  tor  the  three  additional  teeth 
developed  in  this  part.  The  depth  of  the  body  becomes  greater,  owing  to  increased  growth  of 
the  alveolar  part,  to  afford  room  for  the  fangs  of  the  teeth,  and  by  thickening  of  the  subdental 
portion,  which  enables  the  iaw  to  withstand  the  powerful  action  of  the  masticatory  muscles ;  but 
the  alveolar  portion  is  the  deeper  of  the  two.  and,  consequently,  the  chief  part  of  the  body  lies 
above  the  oblique  line.  The  dental  canal  after  the  second  dentition  is  situated  just  above  the 
level  of  the  mylo-hyoid  ridge,  and  the  mental  foramen  occupies  the  position  usual  to  it  in  the 
adult.  The  angle  becomes  less  obtuse,  owing  to  the  separation  of  the  jaws  by  the  teeth. 
(About  the  fourth  year  it  is  140°.) 

In  the  adult  (Fig.  170)  the  alveolar  and  basilar  portions  of  the  body  are  usually  of  equal 
depth.  The  mental  foramen  opens  midway  between  the  upper  and  lower  border  of  the  bone, 
and  the  dental  canal  runs  nearly  parallel  with  the  mylo-hyoid  line.  The  ramus  is  almost  vertical 
in  direction,  and  joins  the  body  nearlv  at  right  angles. 

In  old  age  (Fig.  171)  the  bone  becomes  greatly  reduced  in  size;  for  with  the  loss  of  the 
teeth  the  alveolar  process  is  absorbed,  and  the  basilar  part  of  the  bone  alone  remains ;  conse- 
guently,  the  chief  part  of  the  bone  is  befow  the  oblique  line.  The  dental  canal,  with  the  mental 
foramen  opening  from  it,  is  close  to  the  alveolar  border.  The  rami  are  oblique  in  direction,  the 
angle  obtuse,  and  the  neck  of  the  condyle  more  or  less  bent  backward. 

The  Sutures. 

The  bones  of  the  cranium  and  face  are  connected  to  each  other  by  means  of 
Sutures,  That  is,  the  articulating  surfaces  or  edges  of  the  bones  are  more  or  less 
roughened  or  uneven,  and  are  closely  adapted  to  each  other,  a  small  amount  of 
intervening  fibrous  tissue  fastening  them  together.  The  Cranial  Sutures  may  be 
divided  into  three  sets  :  1.  Those  at  the  vertex  of  the  skull.  2.  Those  at  the  side 
of  the  skull.     3.  Those  at  the  base. 

The  sutures  at  the  vertex  of  the  skull  are  three :  the  sagittal^  coronal^  and 
lambdoid. 

The  Sagittal  Suture  {interparietal)  is  formedby  the  junction  of  the  two  parietal 
bones,  and  extends  from  the  middle  of  the  frontal  bone  backward  to  the  superior 
angle  of  the  occipital.  In  childhood,  and  occasionally  in  the  adult,  when  the  two 
halves  of  the  frontal  bone  are  not  united,  it  is  continued  forward  to  the  root  of 
the  nose.  This  suture  is  sometimes  perforated,  near  its  posterior  extremity,  by 
the  parietal  foramen ;  and  in  front,  where  it  joins  the  coronal  suture,  a  space  is 
occasionally  left  w^hich  encloses  a  large  Wormian  bone. 

The  Ooronal  Suture  (fronto-parietat)  extends  transversely  across  the  vertex  of 
the  skull,  and  connects  the  frontal  with  the  parietal  bones.  It  commences  at  the 
extremity  of  the  greater  wing  of  the  sphenoid  on  one  side,  and  terminates  at  the 
same  point  on  the  opposite  side.  The  dentations  of  the  suture  are  more  marked 
at  the  sides  than  at  the  summit,  and  are  so  constructed  that  the  frontal  rests  on 
the  parietal  above,  whilst  laterally  the  frontal  supports  the  parietal. 

The  Lambdoid  Suture  {occipitO'parietal\  so  called  from  its  resemblance  to  the 
Greek  letter  A^  connects  the  occipital  with  the  parietal  bones.  It  commences  on 
each  side  at  the  mastoid  portion  of  the  temporal  bone,  and  inclines  upward  to  the 
end  of  the  sagittal  suture.  The  dentations  of  this  suture  are  very  deep  and  dis- 
tinct, and  are  often  interrupted  by  several  small  Wormian  bones. 

The  sutures  at  the  side  of  the  skull  extend  from  the  external  angular  process 
of  the  frontal  bone  to  the  lower  end  of  the  lambdoid  suture  behind.  The  anterior 
portion  is  formed  between  the  lateral  part  of  the  frontal  bone  above  and  the  malar 
and  great  wing  of  the   sphenoid  below,  forming  the  fronto-malar  and  fronto^ 
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sphenoidal  sutures.  These  sutures  can  also  be  seen  in  the  orbit,  and  form  part  of 
the  so-called  transverse  facial  suture.  The  posterior  portion  is  formed  between  the 
parietal  bone  above  and  the  great  wing  of  the  sphenoid,  the  squamous  and  mastoid 
portions  of  the  temporal  bone,  forming  the  spheno-parietal^  squamo-parietal^  and 
masto-parietal  sutures. 

The  Spheno-parietal  is  very  short ;  it  is  formed  by  the  tip  of  the  great  wing  of 
the  sphenoid,  which  overlaps  the  anterior  inferior  angle  of  the  parietal  bone. 

The  Squamo-parietal)  or  Squamous  Suture,  is  arched.  It  is  formed  by  the 
squamous  portion  of  the  temporal  bone  overlapping  the  middle  division  of  the 
lower  border  of  the  parietal. 

The  Masto-parietal  is  a  short  suture,  deeply  dentated,  formed  by  the  posterior 
inferior  angle  of  the  parietal  and  the  superior  border  of  the  mastoid  portion  of  the 
temporal. 

The  sutures  at  the  base  of  the  skull  are  the  basilar  in  the  centre,  and  on  each 
side  the  petr<M)€cipital,  the  masto-occipital^  the  petro-sphenoidal,  and  the  squarno- 
fpkenoidaL 

The  Basilar  Suture  is  formed  by  the  junction  of  the  basilar  surface  of  the 
occipital  bone  with  the  posterior  surface  of  the  body  of  the  sphenoid.  At  an  early 
period  of  life  a  thin  plate  of  cartilage  exists  between  these  bones,  but  in  the  adult 
they  become  fused  into  one.  Between  the  outer  extremity  of  the  basilar  suture 
and  the  termination  of  the  lambdoid  an  irregular  suture  exists,  which  is  subdivided 
into  two  portions.  The  inner  portion,  formed  by  the  union  of  the  petrous  part  of 
the  temporal  with  the  occipital  bone,  is  termed  the  petro-occipital.  The  outer 
portion,  formed  by  the  junction  of  the  mastoid  part  of  the  temporal  with  the 
occipital,  is  called  the  masto-occipital.  Between  the  bones  forming  the  petro- 
occipital  suture  a  thin  plate  of  cartilage  exists ;  in  the  mas  to-occipital  is  occa- 
sionally found  the  opening  of  the  mastoid  foramen.  Between  the  outer  extremity 
of  the  basilar  suture  and  the  spheno-parietal  an  irregular  suture  may  be  seen, 
formed  by  the  union  of  the  sphenoid  with  the  temporal  bone.  The  inner  and 
smaller  portion  of  this  suture  is  termed  the  petro-sphenoidal ;  it  is  formed  between 
the  petrous  portion  of  the  temporal  and  the  great  wing  of  the  sphenoid :  the  outer 
portion,  of  greater  length  and  arched,  is  formed  between  the  squamous  portion 
of  the  temporal  and  the  great  wing  of  the  sphenoid ;  it  is  called  the  squamo- 
iphenoidal. 

The  cranial  bones  are  connected  with  those  of  the  face,  and  the  facial  bones 
with  each  other,  by  numerous  sutures,  w^hich,  though  distinctly  marked,  have 
received  no  special  names.  The  only  remaining  suture  deserving  especial  con- 
sideration is  the  transverse.  This  extends  across  the  upper  part  of  the  face,  and 
is  formed  by  the  junction  of  the  frontal  with  the  facial  bones  :  it  extends  from  the 
external  angular  process  of  one  side  to  the  same  point  on  the  opposite  side,  and 
connects  the  frontal  with  the  malar,  the  sphenoid,  the  ethmoid,  the  lachrymal,  the 
superior  maxillary,  and  the  nasal  bones  on  each  side. 

The  sutures  remain  separate  for  a  considerable  period  after  the  complete  for- 
mation of  the  skull.  It  is  probable  that  they  serve  the  purpose  of  permitting  the 
growth  of  the  bones  at  their  margins,  while  their  peculiar  formation,  together 
with  the  interposition  of  the  sutural  ligament  between  the  bones  forming  them, 
prevents  the  dispersion  of  blows  or  jars  received  upon  the  skull.  Humphry 
remarks,  "  that,  as  a  general  rule,  the  sutures  are  first  obliterated  at  the  parts  in 
which  the  ossification  of  the  skull  was  last  completed — viz.  in  the  neighborhood 
f>f  the  fontanelles  ;  and  the  cranial  bones  seem  in  this  respect  to  observe  a  similar 
law  to  that  which  regulates  the  union  of  the  epiphyses  to  the  shafts  of  the  long 
hones."  The  same  author  remarks  that  the  time  of  their  disappearance  is 
extremely  variable :  they  are  sometimes  found  well  marked  in  skulls  edentulous 
with  age,  while  in  others  which  have  only  just  reached  maturity  they  can  hardly 
he  traced. 

14 
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THE  SKULL  AS  A  WHOLE. 

The  Skull,  formed  by  the  union  of  the  several  cranial  and  facial  bones  already 
described,  when  considered  as  a  whole  is  divisible  into  five  regions :  a  superior 
region  or  vertex,  an  inferior  region  or  base,  two  lateral  regions,  and  an  interior 
region,  the  face. 

The  Vertex  of  the  Skull. 

The  Superior  Region,  or  Vertex,  presents  two  surfaces,  an  external  and  an 
internal. 

The  external  surface  is  bounded,  in  front,  by  the  glabella  and  supraorbital 
ridges ;  behind,  by  the  occipital  protuberance  and  superior  curved  lines  of  the 
occipital  bone ;  laterally,  by  an  imaginary  line  extending  from  the  outer  end  of 
the  superior  curved  line,  along  the  temporal  ridge,  to  the  external  angular  process 
of  the  frontal.  This  surface  includes  the  vertical  portion  of  the  frontal,  the 
greater  part  of  the  parietal,  and  the  superior  third  of  the  occipital  bone ;  it  is 
smooth,  convex,  of  an  elongated  oval  form,  crossed  transversely  by  the  coronal 
suture,  and  from  before  backward,  by  the  sagittal,  which  terminates  behind  in  the 
lambdoid.  The  point  of  junction  of  the  coronal  and  sagittal  sutures  is  named 
the  bregma^  and  is  represented  by  a  line  drawn  vertically  upward  from  the  exter- 
nal auditory  meatus,  the  head  being  in  its  normal  position.  The  point  of  junc- 
tion of  the  sagittal  and  lambdoid  sutures  is  called  the  lambda,,  and  is  about  2| 
inches  above  the  external  occipital  protuberance.  From  before  backward  may  be 
seen  the  frontal  eminences  and  remains  of  the  suture  connecting  the  two  lateral 
halves  of  the  frontal  bone ;  on  each  side  of  the  sagittal  suture  are  the  parietal 
foramen  and  parietal  eminence,  and  still  more  posteriorly  the  convex  surface  of 
the  occipital  bone.  In  the  neighborhood  of  the  parietal  foramen  the  skull  is  often 
flattened,  and  to  this  region  the  name  of  obelion  is  sometimes  given. 

The  internal  surface  is  concave,  presents  eminences  and  depressions  for  the 
convolutions  of  the  cerebrum,  and  numerous  furrows  for  the  lodgment  of  branches 
of  the  meningeal  arteries.  Along  the  middle  line  of  this  surface  is  a  longitudinal 
groove,  narrow  in  front,  where  it  commences  at  the  frontal  crest,  but  broader 
behind,  where  it  lodges  the  superior  longitudinal  sinus,  and  by  its  margin  affords 
attachment  to  the  falx  cerebri.  On  either  side  of  it  are  several  depressions  for 
the  Pacchionian  bodies,  and  at  its  back  part  the  internal  openings  of  the  parietal 
foramina.  This  surface  is  crossed,  in  front,  by  the  coronal  suture ;  from  before 
backward  by  the  sagittal ;  behind,  by  the  lambdoid. 

The  Bsise  of  the  Skull. 

The  Inferior  Region,  or  Base  of  the  Skull,  presents  two  surfaces — an  internal 
or  cerebral,  and  an  external  or  basilar. 

The  internal  or  cerebral  surface  (Fig.  172)  presents  three  fossae,  called  the 
anterior^  middle,,  and  posterior  fossae  of  the  cranium. 

The  Anterior  Fossa  is  formed  by  the  orbital  plates  of  the  frontal,  the  cribri- 
form plate  of  the  ethmoid,  the  anterior  third  of  the  superior  surface  of  the  body, 
and  the  upper  surface  of  the  lesser  wings  of  the  sphenoid.  It  is  the  most  elevated 
of  the  three  fossae,  convex  externally  where  it  corresponds  to  the  roof  of  the  orbit, 
concave  in  the  median  line  in  the  situation  of  the  cribriform  plate  of  the  ethmoid. 
It  is  traversed  by  three  sutures,  the  ethmo-frontal,  etkmo-sphenoidaly  and  franto- 
sphenoidal,  and  lodges  the  frontal  lobe  of  the  cerebrum.  It  presents,  in  the 
median  line,  from  before  backward,  the  commencement  of  the  groove  for  the 
superior  longitudinal  sinus  and  the  frontal  crest  for  the  attachment  of  the  falx 
cerebri;  the  forame7i  ccecum^  an  aperture  formed  between  the  frontal  bone  and  the 
crista  galli  of  the  ethmoid,  which,  if  pervious,  transmits  a  small  vein  from  the  nose 
to  the  superior  longitudinal  sinus ;  behind  the  foramen  caecum,  the  crista  gallic  the 
posterior  margin  of  which  affords  attachment  to  the  falx  cerebri ;  on  either  side  of 
the  crista  galli,  the  olfactory  groove^  which  supports  the  bulb  of  the  olfactory 
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tract,  and  presents  three  rows  of  foramina  for  its  filaments,  and  in  front  a  slit-like 
opening  for  the  nasal  branch  of  the  ophthalmic  division  bf  the  fifth  nerve.     On 
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the  outer  side  of  each  olfactory  groove  are  the  internal  openings  of  the  anti-nor^ 
pvtterior  ethnwidaf foramina ;  tne  former,  situated  about  tho  middle  of  the  9 
msrjrin  of  the  olfactory  groove,  transmits  the  anterior  ethmoidal  vessels  a 
nasai  nerve,  which  latter  runs  in  a  depression  along  the  surface  of  the  eth/ 
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the  slit-like  opening  above  mentioned ;  whilst  the  posterior  ethmoidal  foramen 
opens  at  the  back  part  of  this  margin  under  cover  of  the  projecting  lamina  of  the 
sphenoid,  and  transmits  the  posterior  ethmoidal  vessels.  Farther  back  in  the 
middle  line  is  the  ethmoidal  spine,  bounded  behind  by  an  elevated  ridge,  sepa- 
rating two  longitudinal  grooves  which  support  the  olfactory  tracts.  Behind  this 
is  a  transverse  sharp  ridge,  running  outward  on  either  side  to  the  anterior  margin 
of  the  optic  foramen,  and  separating  the  anterior  from  the  middle  fossa  of  the 
base  of  the  skull.  The  anterior  fossa  presents,  laterally,  eminences  and  depressions 
for  the  convolutions  of  the  brain  and  grooves  for  the  lodgment  of  the  anterior 
meningeal  arteries. 

The  Middle  Fossa,  somewhat  deeper  than  the  preceding,  is  narrow  in  the 
middle  line,  but  becomes  wider  at  the  side  of  the  skull.  It  is  bounded  in  front  by 
the  posterior  margin  of  the  lesser  wing  of  the  sphenoid,  the  anterior  clinoid  process, 
and  the  ridge  forming  the  anterior  margin  of  the  optic  groove ;  behind,  by  the 
superior  border  of  the  petrous  portion  of  the  temporal  and  the  dorsum  ephippi ; 
externally  by  the  squamous  portion  of  the  temporal,  anterior  inferior  angle  of  the 
parietal  bone,  and  greater  wing  of  the  sphenoid.  It  is  traversed  by  four  sutures, 
the  squamo-parietal,  spheno-parietal,  squamo-sphenoidal,  and  petro-sphenoidal. 

In  the  middle  line,  from  before  backward,  is  the  optic  groove^  which  supports 
the  optic  commissure,  and  terminates  on  each  side  in  the  optic  foramen,  for 
the  passage  of  the  optic  nerve  and  ophthalmic  artery ;  behind  the  optic  groove 
is  the  olivary  process,  and  laterally  the  anterior  clinoid  processes,  to  which 
are  attached  processes  of  the  tentorium  cerebelli.  Farther  back  is  the  sella 
turcica^  a  deep  depression  which  lodges  the  pituitary  gland,  bounded  in  front 
by  a  small  eminence  on  either  side,  the  middle  clinoid  process,  and  behind  by  a 
broad  square  plate  of  bone,  the  dorsum  ephippi,  surmounted  at  each  superior 
angle  by  a  tubercle,  the  posterior  clinoid  process  ;  beneath  the  latter  process  is  a 
notch,  for  the  sixth  nerve.  On  each  side  of  the  sella  turcica  is  the  caver^ious 
groove :  it  is  broad,  shallow,  and  curved  somewhat  like  the  italic  letter  /;  it 
commences  behind  at  the  foramen  lacerum  medium,  and  terminates  on  the  inner 
side  of  the  anterior  clinoid  process,  and  presents  along  its  outer  margin  a  ridge  of 
bone.  This  groove  lodges  the  cavernous  sinus,  the  internal  carotid  artery,  and 
the  nerves  of  the  orbit.  The  sides  of  the  middle  fossa  are  of  considerable  depth ; 
they  present  eminences  and  depressions  for  the  convolutions  of  the  brain  and 
grooves  for  the  branches  of  the  middle  meningeal  artery ;  the  latter  commence 
on  the  outer  side  of  the  foramen  spinosum,  and  consist  of  two  large  branches,  an 
anterior  and  a  posterior ;  the  former  passing  upward  and  forward  to  the  anterior 
inferior  angle  of  the  parietal  bone,  the  latter  passing  upward  and  backward. 
The  following  foramina  may  also  be  seen  from  before  backward :  Most  anteriorly 
is  the  foramen  lacerum  anterius,  or  sphenoidal  fissure,  formed  above  by  the  lesser 
wing  of  the  sphenoid ;  below,  by  the  greater  wing  ;  internally,  by  the  body  of  the 
sphenoid ;  and  sometimes  completed  externally  by  the  orbital  plate  of  the  frontal 
bone.  It  transmits  the  third,  the  fourth,  the  three  branches  of  the  ophthalmic 
division  of  the  fifth,  the  sixth  nerve,  some  filaments  from  the  cavernous  plexus  of 
the  sympathetic,  the  orbital  branch  of  the  middle  meningeal  artery,  a  recurrent 
branch  from  the  lachrymal  artery  to  the  dura  mater,  and  the  ophthalmic  vein. 
Behind  the  inner  extremity  of  the  sphenoidal  fissure  is  the  foramen  rotundum,  for 
the  passage  of  the  second  division  of  the  fifth  or  superior  maxillary  nerve ;  still 
more  posteriorly  is  seen  a  small  orifice,  the  foramen  Vesalii,  an  opening  situated 
between  the  foramen  rotundum  and  ovale,  a  little  internal  to  both :  it  varies  in  size 
in  different  individuals,  and  is  often  absent ;  when  present,  it  transmits  a  small  vein. 
It  opens  below  into  the  pterygoid  fossa,  just  at  the  outer  side  of  the  scaphoid 
depression.  Behind  and  external  to  the  latter  opening  is  the  foramen  ovale,  which 
transmits  the  third  division  of  the  fifth  or  inferior  maxillary  nerve,  the  small 
meningeal  artery,  and  the  small  petrosal  nerve. ^  On  the  outer  side  of  the  foramen 
ovale  is  the  foramen  spinosum,  for  the  passage  of  the  middle  meningeal  artery ;  and 

*  See  footnote,  p.  184. 
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on  the  inner  side  of  the  foramen  ovale,  Xhe  foramen  lacerum  medium.  The  lower 
part  of  this  aperture  is  filled  up  with  cartilage  in  the  recent  state.  The  Vidian 
nerve  and  a  meningeal  branch  from  the  ascending  pharnygeal  artery  pierce  this 
cartilage.  On  the  anterior  surface  of  the  petrous  portion  of  the  temporal  bone  is 
seen,  from  without  inward,  the  eminence  caused  by  the  projection  of  the  superior 
semicircular  canal ;  outside  this  a  depression  corresponding  to  the  roof  of  the 
tympanum ;  the  groove  leading  to  the  hiatus  Fallopii,  for  the  transmission  of  the 
petrosal  branch  of  the  Vidian  nerve  and  the  petrosal  branch  of  the  middle 
meningeal  artery ;  beneath  it,  the  smaller  groove,  for  the  passage  of  the  lesser 
petrosal  nerve ;  and,  near  the  apex  of  the  bone,  the  depression  for  the  Gasserian 
ganglion ;  and  the  orifice  of  the  carotid  canal,  for  the  passage  of  the  internal  carotid 
artery  and  carotid  plexus  of  nerves. 

The  Posterior  Fossa,  deeply  concave,  is  the  largest  of  the  three,  and  situated 
on  a  lower  level  than  either  of  the  preceding.  It  is  formed  by  the  posterior  third 
of  the  superior  surface  of  the  body  of  the  sphenoid,  by  the  occipital,  the  petrous 
and  mastoid  portions  of  the  temporal,  and  the  posterior  inferior  angle  of  the 
parietal  bone ;  it  is  crossed  by  four  sutures,  the  petro-occipital,  the  masto-occipital, 
the  masto-parietal,  and  the  basilar ;  and  lodges  the  cerebellum,  pons  Varolii,  and 
medulla  oblongata.  It  is  separated  from  the  middle  fossa  in  the  median  line  by 
the  dorsum  ephippii,  and  on  each  side  by  the  superior  border  of  the  petrous  portion 
of  the  temporal  bone.  This  border  serves  for  the  attachment  of  the  tentorium 
cerebelli,  is  grooved  for  the  superior  petrosal  sinus,  and  at  its  inner  extremity 
presents  a  notch,  upon  which  rests  the  fifth  nerve.  The  circumference  of  the 
fossa  is  bounded  posteriorly  by  the  grooves  for  the  lateral  sinuses.  In  the  centre 
of  this  fossa  is  the  faramen  m^gnum^  bounded  on  either  side  by  a  rough  tubercle, 
which  gives  attachment  to  the  odontoid  or  check  ligaments;  and  a  little  above 
these  are  seen  the  internal  openings  of  the  anterior  condyloid  foramina^  through 
which  pass  the  hypoglossal  nerve  and  a  meningeal  branch  from  the  ascending 
pharyngeal  artery.  In  front  of  the  foramen  magnum  is  a  grooved  surface,  formed 
by  the  basilar  process  of  the  occipital  bone  and  by  the  posterior  third  of  the  superior 
sar&ce  of  the  body  of  the  sphenoid,  which  supports  the  medulla  oblongata  and 
pons  Varolii,  and  articulates  on  each  side  with  the  petrous  portion  of  the  temporal 
bone,  forming  the  petro-occipital  suture,  the  anterior  half  of  which  is  grooved  for 
the  inferior  petrosal  sinus,  the  posterior  half  being  encroached  upon  by  i\iQ  foramen 
lacerum  posterius,  or  jugular  foramen.  This  foramen  presents  three  compartments : 
through  the  anterior  passes  the  inferior  petrosal  sinus ;  through  the  posterior,  the 
lateral  sinus  and  some  meningeal  branches  from  the  occipital  and  ascending 
pharyngeal  arteries;  and  through  the  middle,  the  glosso-pharyngeal,  pneumo- 
gastric,  and  spinal  accessory  nerves.  Above  the  jugular  foramen  is  the  internal 
auditory  meatus,  for  the  facial  and  auditory  nerves  and  auditory  artery ;  behind 
and  external  to  this  is  the  slit-like  opening  leading  into  the  aquaeductus  vestibuli ; 
whilst  between  the  two  latter,  and  near  the  superior  border  of  the  petrous  portion, 
is  a  small,  triangular  depression  which  lodges  a  process  of  the  dura  mater  and 
occasionally  transmits  a  small  vein  into  the  substance  of  the  bone.  Behind  the 
foramen  magnum  are  the  inferior  occipital  fossoe^  which  lodge  the  hemispheres  of 
the  cerebellum,  separated  from  one  another  by  the  internal  occipital  crest,  which 
serves  for  the  attachment  of  the  falx  cerebelli  and  lodges  the  occipital  sinus.  The 
posterior  fossae  are  surmounted,  above,  by  the  deep  transverse  grooves  for  the 
lodgment  of  the  lateral  sinuses.  These  channels,  in  their  passage  outward, 
groove  the  occipital  bone,  the  posterior  inferior  angle  of  the  parietal,  the  mastoid 
portion  of  the  temporal,  and  the  jugular  process  of  the  occipital,  and  terminate  at 
the  back  part  of  the  jugular  foramen.  Where  this  sinus  grooves  the  mastoid  portion 
of  the  temporal  bone  the  orifice  of  the  mastoid  foramen  may  be  seen,  and  just 
previous  to  its  termination  it  has  opening  into  it  the  posterior  condyloid  foramen. 
Neither  foramen  is  constant. 

The  External  Sui&ce  of  the  Base  of  the  Skull  (Fig.  173)  is  extremely  irregular. 
It  is  bounded  in  front  by  the  incisor  teeth  in  the  upper  jaws ;  behind  by  the 
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Fib.  173.— Base  of  the  BkuU.   Extemsl  aurbce. 


superior  curved  lines  of  the  occipital  bone ;  and  laterally  by  the  alveolar  arch,  the 
lower  border  of  the  malar  bone,  the  zygoma,  and  an  imaginary  line  extending 
from  the  zygoma  to  the  mastoid  process  and  extremity  of  the  superior  curved  line 
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of  the  occiput.  ^  It  is  formed  by  the  palate  processes  of  the  superior  maxillary  and 
palate  bones,  the  vomer,  the  pterygoid  processes,  under  surface  of  the  great  wing, 
spinous  processes  and  part  of  the  body  of  the  sphenoid,  the  under  surface  of  the 
squamous,  mastoid,  and  petrous  portions  of  the  temporal,  and  the  under  surface 
of  the  occipital  bone.  The  anterior  part  of  the  base  of  the  skull  is  raised  above 
the  level  of  the  rest  of  this  surface  (when  the  skull  is  turned  over  for  the  purpose 
of  examination),  surrounded  by  the  alveolar  process,  which  is  thicker  behind  than 
in  front,  and  excavated  by  sixteen  depressions  for  lodging  the  teeth  of  the  upper 
jaw,  the  cavities  varying  in  depth  and  size  according  to  the  teeth  they  contain. 
Immediately  behind  the  incisor  teeth  is  the  anterior  palatine  fosaa.  At  the  bottom 
of  this  fossa  may  usually  be  seen  four  apertures :  two  placed  laterally,  iheforamhm 
of  Stenion^  which  open  above,  one  in  the  floor  of  each  nostril,  and  transmit  the 
anterior  branch  of  the  posterior  palatine  vessels,  and  two  in  the  median  line  in 
the  inteinnaxillary  suture,  the  foramina  of  Scarpa^  one  in  front  of  the  other,  the 
anterior  transmitting  the  left,  and  the  posterior  (the  larger)  the  right,  naso-palatine 
nerve.  These  two  latter  canals  are  sometimes  wanting,  or  they  may  join  to  form 
a  single  one,  or  one  of  them  may  open  into  one  of  the  lateral  canals  above  referred 
to.  The  palatine  vault  is  concave,  uneven,  perforated  by  numerous  foramina, 
marked  by  depressions  for  the  palatine  glands,  and  crossed  by  a  crucial  suture, 
formed  by  the  junction  of  the  four  bones  of  which  it  is  composed.  At  the  front 
part  of  this  surface  a  delicate  linear  suture  may  frequently  be  seen,  marking  off 
the  pre-maxillary  portion  of  the  bone.  One  or  two  small  foramina  in  the  alveolar 
margin  behind  the  incisor  teeth,  occasionally  seen  in  the  adult,  almost  constantly  in 
young  subjects,  are  called  the  incisive  foramina  ;  they  transmit  nerves  and  vessels 
to  the  incisor  teeth.  At  each  posterior  angle  of  the  hard  palate  is  the  posterior 
palatine  foramen,  for  the  transmission  of  the  posterior  palatine  vessels  and  large 
descending  palatine  nerve ;  and  running  forward  and  inward  from  it  a  groove,  for 
the  same  vessels  and  nerve.  Behind  the  posterior  palatine  foramen  is  the  tuberosity 
of  the  palate  bone,  perforated  by  one  or  more  accessory  posterior  palatine  canals, 
and  marked  by  the  commencement  of  a  ridge,  which  runs  transversely  inward,  and 
sen-es  for  the  attachment  of  the  tendinous  expansion  of  the  Tensor  palati  muscle. 
Projecting  backward  from  the  centre  of  the  posterior  border  of  the  hard  palate  is 
the  posterior  nasal  spine,  for  the  attachment  of  the  Azygos  uvulae.  Behind  and 
above  the  hard  palate  is  the  posterior  aperture  of  the  nares,  divided  into  two  parts 
bv  the  vomer,  bounded  above  by  the  body  of  the  sphenoid,  below  by  the  horizontal 
plate  of  the  palate  bone,  and  laterally  by  the  pterygoid  processes  of  the  sphenoid. 
Each  aperture  measures  about  an  inch  and  a  quarter  in  the  vertical  and  about 
half  an  inch  in  the  transverse  direction.  At  the  base  of  the  vomer  mav  be  seen 
the  expanded  alae  of  this  bone,  receiving  between  them  the  rostrum  of  the  sphenoid. 
Near  the  lateral  margins  of  the  vomer,  at  the  root  of  the  pterygoid  processes,  are 
the  pterygo-palatine  canals.  The  pterygoid  process,  which  bounds  the  posterior 
nares  on  each  side,  presents  near  its  base  the  pterygoid  or  Vidian  canal,  for  the 
Vidian  nerve  and  artery.  Each  process  consists  of  two  plates,  which  bifurcate  at 
the  extremity  to  receive  the  tuberosity  of  the  palate  bone,  and  are  separated  behind 
by  the  pterygoid  fossa,  which  lodges  the  Internal  pterygoid  muscle.  The  internal 
plate  is  long  and  narrow,  presenting  on  the  outer  side  of  its  base  the  scaphoid  fossa, 
for  the  origin  of  the  Tensor  palati  muscle,  and  at  its  extremity  the  hamular  p7'ocess, 
around  which  the  tendon  of  this  muscle  turns.  The  external  pterygoid  plate  is 
broad,  forms  the  inner  boundary  of  the  zygomatic  fossa,  and  affords  attachment  by 
its  outer  surface  to  the  External  pterygoid  muscle. 

Behind  the  nasal  fossse  in  the  middle  line  is  the  basilar  surface  of  the  occipital 
bone,  presenting  in  its  centre  the  pharyngeal  spine,  for  the  attachment  of  the 
Superior  constrictor  muscle  of  the  pharynx,  with  depressions  on  each  side  for 
the  insertion  of  the  Rectus  capitis  anticus  major  and  minor.  At  the  base  of  the 
external  pterygoid  plate  is  the  foramen  ovale  ;  behind  this,  the  foramen  spinosum 
and  the  prominent  spinous  process  of  the  sphenoid,  which  gives  attachment  to  the 
internal  lateral  ligament  of  the  lower  jaw  and  the  Tensor  palati  muscle.    External 
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to  the  spinous  process  is  the  glenoid  fossa,  divided  into  two  parts  by  the  Glaserian 
fissure  (page  176),  the  anterior  portion  concave,  smooth,  bounded  in  front  by  the 
eminentia  articularis,  and  serving  for  the  articulation  of  the  condyle  of  the  lower 
jaw ;  the  posterior  portion  rough,  bounded  behind  by  the  tympanic  plate,  and 
serving  for  the  reception  of  part  of  the  parotid  gland.  Emerging  from  between  the 
laminPB  of  the  vaginal  process  of  the  tympanic  plate  is  the  styloid  process,  and  at 
the  base  of  this  process  is  the  stylo-mastoid  foramen,  for  the  exit  of  the  facial  nerve 
and  entrance  of  the  stylo-mastoid  artery.  External  to  the  stylo-mastoid  foramen  is 
the  auricular  fissure,  for  the  auricular  branch  of  the  pneumogastric,  bounded  behind 
by  the  mastoid  process.  Upon  the  inner  side  of  the  mastoid  process  is  a  deep 
groove,  the  digastric  fossa  ;  and  a  little  more  internally  the  occipital  groove,  for  the 
occipital  artery.  At  the  base  of  the  internal  pterygoid  plate  is  a  large  and  somewhat 
triangular  aperture,  the  foramen  lacerum  medium,  bounded  in  front  by  the  great 
wing  of  the  sphenoid,  behind  by  the  apex  of  the  petrous  portion  of  the  temporal 
bone,  and  internally  by  the  body  of  the  sphenoid  and  basilar  process  of  the 
occipital  bone :  it  presents  in  front  the  posterior  orifice  of  the  Vidian  canal ;  behind, 
the  aperture  of  the  carotid  canal.  The  basilar  surface  of  this  opening  is  filled  up 
in  the  recent  state  by  a  fibro-cartilaginous  substance ;  across  its  upper  or  cerebral 
aspect  pass  the  internal  carotid  artery  and  Vidian  nerve.  External  to  this  aperture 
the  petrO'Sphenoidal  suture  is  observed,  at  the  outer  termination  of  which  is  seen 
the  orifice  of  the  canal  for  the  Eustachian  tube  and  that  for  the  Tensor  tympani 
muscle.  Behind  this  suture  is  seen  the  under  surface  of  the  petrous  portion  of 
the  temporal  bone,  presenting,  from  within  outward  the  quadrilateral,  rough 
surface,  part  of  which  affords  attachment  to  the  Levator  palati  and  Tensor  tympani 
muscles ;  external  to  this  surface  the  orifices  of  the  carotid  canal  and  the  aquae- 
ductus  cochleae,  the  former  transmitting  the  internal  carotid  artery  and  the  ascend- 
ing branches  of  the  superior  cervical  ganglion  of  the  sympathetic,  the  latter  serving 
for  the  passage  of  a  small  artery  and  vein  to  the  cochlea;  Behind  the  carotid 
canal  is  a  large  aperture,  the  jugular  fossa,  formed  in  front  by  the  petrous  portion 
of  the  temporal,  and  behind  by  the  occipital ;  it  is  generally  larger  on  the  right 
than  on  the  left  side,  and  is  divided  into  three  compartments  by  processes  of  dura 
mater.  The  anterior  is  for  the  passage  of  the  inferior  petrosal  sinus ;  the  posterior, 
for  the  lateral  sinus  and  some  meningeal  branches  from  the  occipital  and  ascending 
pharyngeal  arteries ;  the  central  one,  for  the  glosso-pharyngeal,  pneumogastric, 
and  spinal  accessory  nerves.  On  the  ridge  of  bone  dividing  the  carotid  canal  from 
the  jugular  fossa  is  the  small  foramen  for  the  transmission  of  Jacobson*s  nerve; 
and  on  the  outer  wall  of  the  jugular  foramen,  near  the  root  of  the  styloid  process, 
is  the  small  aperture  for  the  transmission  of  Arnold's  nerve.  Behind  the  basilar 
surface  of  the  occipital  bone  is  the  foramen  magiium,  bounded  on  each  side  by  the 
condyles,  rough  internally  for  the  attachment  of  the  cheek  or  odontoid  ligaments, 
and  presenting  externally  a  rough  surface,  the  jugular  process,  which  serves  for 
the  attachment  of  the  Rectus  capitis  lateralis  muscle  and  the  lateral  occipito-atloid 
ligament.  On  either  side  of  each  condyle  anteriorly  is  the  anterior  condyloid  fossa ^ 
perforated  by  the  anterior  condyloid  foramen,  for  the  passage  of  the  hypoglossal 
nerve  and  a  meningeal  artery.  Behind  each  condyle  is  the  posterior  condyloid 
fossa,  perforated  on  one  or  both  sides  by  the  posterior  condyloid  foramina,  for  the 
transmission  of  a  vein  to  the  lateral  sinus.  Behind  the  foramen  magnum  is  the 
external  occipital  crest,  terminating  above  at  the  external  occipital  protuberance, 
whilst  on  each  side  are  seen  the  superior  and  inferior  curved  lines  ;  these,  as  well 
as  the  surfaces  of  bone  between  them,  are  rough  for  the  attachment  of  the  muscles, 
which  are  enumerated  on  page  170. 

The  Lateral  Region  of  the  Skull. 

The  Lateral  Region  of  the  Skull  is  of  a  somewhat  triangular  form,  the  base  of 
the  triangle  being  formed  by  a  line  extending  from  the  external  angular  process 
of  the  frontal  bone  along  the  temporal  ridge  backward  to  the  outer  extremity  of 


THE   TEMPORAL   FOSSA.  217 

the  superior  curved  line  of  the  occiput ;  and  the  Bidea  by  two  lines,  the  one  drawn 
downward  and  backward  from  the  external  angular  process  of  the  frontal  bone 
to  the  angle  of  the  lower  jaw,  the  other  from  the  angle  of  the  jaw  upward  and 
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backward  to  the  outer  extremity  of  the  superior  curved  line.     This  region  is 
dirisible  into  three  portions — temporal  fossa,  mastoid  portion,  and  zygomatic  fossa. 

The  Temporal  Fosia. 
The  Temporal  Fossa  is  bounded  above  and  behind  by  the  temporal  ridge,  which 
extends  from  the  external  angular  process  of  the  frontal  upward  and  backward 
across  the  frontal  and  parietal  bones,  curving  downward  behind  to  terminate  in 
the  posterior  root  of  the  zygomatic  process.  This  ridge  ia  generally  double — at  all 
events  in  front,  where  it  is  most  marked.  In  front  it  is  bounded  by  the  frontal, 
malar,  and  great  wing  of  the  sphenoid :  externally  by  the  zygomatic  arch,  formed 
cmjointly  by  the  malar  and  temporal  bones;  below  it  is  separated  from  the 
lygomatic  fossa  by  the  pterygoid  ridge,  seen  on  the  outer  surface  of  the  great 
*ing  of  the  sphenoid.  This  fossa  is  formed  by  five  bones,  part  of  the  frontal, 
great  wing  of  the  sphenoid,  parietal,  squamous  portion  of  the  temporal,  and  malar 
bones,  and  is  traversed  by  six  sutures,  part  of  the  transverse  facial,  spheno- 
■ualar,  coronal,  spheno-parietal,  squamo- parietal,  and  squamo-sphenoidal.  The 
point  where  the  coronal  suture  crosses  the  temporal  ridge  ia  sometimes  named 
the  tlephanion ;  and  the  region  where  the  four  bones,  the  parietal,  the  frontal,  the 
sijuamous,  and  the  greater  wing  of  the  sphenoid,  meet,  at  the  anterior  inferior  angle 
Df  the  parietal  bone,  is  named  the  pterion.     This  point  is  about  on  a  level  with  the 
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external  angular  process  of  the  frontal  bone  and  about  one  and  a  half  inches  behind 
it.  This  fossa  is  deeply  concave  in  front,  convex  behind,  traversed  by  grooves  which 
lodge  branches  of  the  deep  temporal  arteries,  and  filled  by  the  Temporal  muscles. 

The  lllastoid  Portion. 

The  Mastoid  Portion  of  the  side  of  the  skull  is  bounded  in  front  bv  the  tubercle 
of  the  zygoma ;  above,  by  a  line  which  runs  from  the  posterior  root  of  the  zygoma 
to  the  end  of  the  masto-parietal  suture ;  behind  and  below  by  the  masto-occipital 
suture.  It  is  formed  by  the  mastoid  and  part  of  the  squamous  and  petrous  por- 
tions of  the  temporal  bone  ;  its  surface  is  convex  and  rough  for  the  attachment  of 
muscles,  and  presents,  from  behind  forward,  the  mastoid  foramen,  the  mastoid 
process,  the  external  auditory  meatus  surrounded  by  the  auditory  process,  and, 
most  anteriorly,  the  temporo-maxillary  articulation. 

The  Zygomatic  Fossa. 

The  Zygomatic  Fossa  is  an  irregularly  shaped  cavity,  situated  below  and  on  the 
inner  side  of  the  zygoma ;  bounded,  in  front,  by  the  tuberosity  of  the  superior 
maxillary  bone  and  the  ridge  which  descends  from  its  malar  process ;  behind,  by 
the  posterior  border  of  the  pterygoid  process  and  the  eminentia  articularis ;  above, 
by  the  pterygoid  ridge  on  the  outer  surface  of  the  great  wing  of  the  sphenoid  and 
the  under  part  of  the  squamous  portion  of  the  temporal ;  below,  by  the  alveolar 
border  of  the  superior  maxilla ;  internally,  by  the  external  pterygoid  plate ;  and 
externally,  by  the  zygomatic  arch  and  ramus  of  the  lower  jaw.  It  contains  the 
lower  part  of  the  Temporal,  the  External  and  Internal  pterygoid  muscles,  the 
internal  maxillary  artery,  and  inferior  maxillary  nerve  and  their  branches.  At  its 
upper  and  inner  part  may  be  observed  two  fissures,  the  spheno-maxillary  and 
pterygo-maxillary. 

The  Spheno-maxillary  Fissure,  horizontal  in  direction,  opens  into  the  outer  and 
back  part  of  the  orbit.  It  is  formed  above  by  the  lower  border  of  the  orbital  surface 
of  the  great  wing  of  the  sphenoid ;  below,  by  the  external  border  of  the  orbital 
surface  of  the  superior  maxilla  and  a  small  part  of  the  palate  bone ;  externally,  by 
a  small  part  of  the  malar  bone :  ^  internally,  it  joins  at  right  angles  with  the 
pterygo-maxillary  fissure.  This  fissure  opens  a  communication  from  the  orbit  into 
three  fossae — the  temporal,  zygomatic,  and  spheno-maxillary ;  it  transmits  the 
superior  maxillary  nerve  and  its  orbital  branch,  the  infraorbital  vessels,  and 
ascending  branches  from  the  spheno-palatine  or  Meckel's  ganglion. 

The  Pterygo-maxillary  Fissure  is  vertical,  and  descends  at  right  angles  from 
the  inner  extremity  of  the  preceding;  it  is  a  V-shaped  interval,  formed  by 
the  divergence  of  the  superior  maxillary  bone  from  the  pterygoid  process  of  the 
sphenoid.  It  serves  to  connect  the  spheno-maxillary  fossa  with  the  zygomatic  fossa, 
and  transmits  branches  of  the  internal  maxillary  artery.  It  forms  the  entrance  from 
the  zygomatic  fossa  to  the  spheno-maxillary  fossa. 

The  Spheno-maxillary  Fossa. 

The  Spheno-maxillary  Fossa  is  a  small,  triangular  space  situated  at  the  angle  of 
junction  of  the  spheno-maxillary  and  pterygo-maxillary  fissures,  and  placed  beneath 
the  apex  of  the  orbit.  It  is  formed  above  by  the  under  surface  of  the  body  of 
the  sphenoid  and  by  the  orbital  process  of  the  palate  bone ;  in  front,  by  the  superior 
maxillary  bone;  behind,  by  the  anterior  surface  of  the  base  of  the  pterygoid 
process  and  lower  part  of  the  anterior  surface  of  the  great  wing  of  the  sphenoid ; 
internally,  by  the  vertical  plate  of  the  palate.  This  fossa  has  three  fissures 
terminating  in  it — the  sphenoidal^  spheno-maxillary^  and  pterygo-maxillary ;  it 
communicates  with  three  fossae,  the  orbital^  nasalj  and  zygomatic^  and  with  the 
cavity  of  the  cranium,  and  has  opening  into  it  five  foramina.     Of  these,  there  are 

^Occasionally  the  superior  maxillary  bone  and  the  sphenoid  articulate  with  each  other  at  the 
anterior  extremity  of  this  fissure ;  the  malar  is  then  excluded  from  entering  into  its  formation. 
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three  on  the  posterior  wall :  the  foramen  rotundum  above ;  below  and  internal  to 
this,  the  Vidian  ;  and  still  more  inferiorly  and  internally,  the  pteri/ffo-palatine.  On 
the  inner  wall  is  the  spheno-palatine  foramen,  by  which  the  spheno-maxillary 
communicates  with  the  nasal  fossa;  and  below  is  the  superior  orifice  of  the 
posterior  palatine  canal,  besides  occasionally  the  orifices  of  the  accessory  posterior 
palatine  canals.  The  fossa  contains  the  superior  maxillary  nerve  and  Meckel's 
ganglion,  and  the  termination  of  the  internal  maxillary  artery. 

The  Anterior  Region  of  the  Skull. 

The  Anterior  Region  of  the  Skull,  which  forms  the  face,  is  of  an  oval  form, 
presents  an  irregular  surface,  and  is  excavated  for  the  reception  of  two  of  the 
organs  of  sense,  the  eye  and  the  nose.  It  is  bounded  above  by  the  glabella  and 
margins  of  the  orbit ;  below,  by  the  prominence  of  the  chin ;  on  each  side  by  the 
malar  bone  and  anterior  margin  of  the  ramus  of  the  jaw.  In  the  median  line  are 
seen  from  above  downward  the  glabella,  and  diverging  from  it  are  the  superciliary 
ridges,  which  indicate  the  situation  of  the  frontal  sinuses  and  support  the  eyebrows. 
Beneath  the  glabella  is  the  fronto-nasal  suture,  the  mid-point  of  which  is  termed 
the  nasioti,  and  below  this  is  the  arch  of  the  nose,  formed  by  the  nasal  bones,  and 
the  nasal  processes  of  the  superior  maxillary.  The  nasal  arch  is  convex  from  side 
to  side,  concave  from  above  downward,  presenting  in  the  median  line  the  inter- 
nasal  suture  formed  between  the  nasal  bones,  laterally  the  naso-maxillary  suture 
formed  between  the  nasal  bone  and  the  nasal  process  of  the  superior  maxillary 
bone.  Below  the  nose  is  seen  the  opening  of  the  anterior  nares,  which  is  heart- 
shaped,  with  the  narrow  end  upward,  and  presents  laterally  the  thin,  sharp 
margins  serving  for  the  attachment  of  the  lateral  cartilages  of  the  nose,  and  in  the 
middle  line  below  a  prominent  process,  the  anterior  nasal  spine,  bounded  by  two 
deep  not<;hes.  Below  this  is  the  intermaxillary  suture,  and  on  each  side  of  it  the 
incisive  fossa.  Beneath  this  fossa  are  the  alveolar  processes  of  the  upper  and 
lower  jaws,  containing  the  incisor  teeth,  and  at  the  lower  part  of  the  median  line 
the  symphysis  of  the  chin,  the  mental  process,  with  its  two  mental  tubercles, 
separated  by  a  median  groove,  and  the  incisive  fossa  of  the  lower  jaw. 

On  each  side,  proceeding  from  above  downward,  is  the  supraorbital  ridge, 
terminating  externally  in  the  external  angular  process  at  its  junction  with  the 
malar,  and  internally  in  the  internal  angular  process ;  toward  the  inner  third  of 
this  ridge  is  the  supraorbital  notch  or  foramen,  for  the  passage  of  the  supraorbital 
vessels  and  nerve,  and  at  its  inner  side  a  slight  depression,  for  the  attachment  of 
the  pulley  of  the  Superior  oblique  muscle.  Beneath  the  supraorbital  ridge  is  the 
opening  of  the  orbit,  bounded  externally  by  the  orbital  ridge  of  the  malar  bone ; 
below,  by  the  orbital  ridge  formed  by  the  malar,  superior  maxillary,  and  lachrymal 
bones ;  internally,  by  the  nasal  process  of  the  superior  maxillary  and  the  internal 
angular  process  of  the  frontal  bone.  On  the  outer  side  of  the  orbit  is  the  quadri- 
lateral anterior  surface  of  the  malar  bone,  perforated  by  one  or  two  small  malar 
foramina.  Below  the  inferior  margin  of  the  orbit  is  the  infraorbital  foramen,  the 
termination  of  the  infraorbital  canal,  and  beneath  this  the  canine  fossa,  which  gives 
attachment  to  the  Levator  anguli  oris ;  bounded  below  by  the  alveolar  processes, 
containing  the  teeth  of  the  upper  and  lower  jaws.  Beneath  the  alveolar  arch  of 
the  lower  jaw  is  the  mental  foramen,  for  the  passage  of  the  mental  vessels  and 
nerve,  the  external  oblique  line,  and  at  the  lower  border  of  the  bone,  at  the  point 
of  junction  of  the  body  with  the  ramus,  a  shallow  groove  for  the  passage  of  the 
facial  artery. 

The  Orbits. 

The  Orbits  (Fig.  175)  are  two  quadrilateral  pyramidal  cavities,  situated  at  the 
opper  and  anterior  part  of  the  face,  their  bases  being  directed  forward  and 
outward,  and  their  apices  backward  and  inward,  so  that  the  axes  of  the  two,  if 
continued  backward,  would  meet  over  the  body  of  the  sphenoid  bone.  Each  orbit 
is  formed  of  seven  bones,  the  frontal,  sphenoid,  ethmoid,  superior  maxillary,  malar, 
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lachrymal,  and  palate;  but  three  of  these,  the  frontal,  ethmoid,  and  sphenoid, 
enter  into  the  formation  of  both  orbits,  so  that  the  two  cavities  are  formed  of 
eleven  bones  only.  Each  cavity  presents  for  examination  a  roof,  a  floor,  an  inner 
and  an  outer  wall,  four  angles,  a  circumference  or  base,  and  an  apex.  The  roof 
is  concave,  directed  downward  and  forward,  and  formed  in  front  by  the  orbital 
plate  of  the  frontal ;  behind  by  the  lesser  wing  of  the  sphenoid.  This  surface 
presents  internally  the  depression  for  the  cartilaginous  pulley  of  the  Superior 
oblique  muscle;  externally,  the  depression  for  the  lachrymal  gland;  axid 
posteriorly,  the  suture  connecting  the  frontal  and  lesser  wing  of  the  sphenoid. 
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Fig.  175.— Anterior  region  of  the  skuU. 

The  floor  is  nearly  flat,  and  of  less  extent  than  the  roof;  it  is  formed  chiefly 
by  the  orbital  process  of  the  superior  maxillary  ;  in  front,  to  a  small  extent,  by  the 
orbital  process  of  the  malar,  and  behind,  by  the  superior  surface  of  the  orbital 
process  of  the  palate.  This  surface  presents  at  its  anterior  and  internal  part,  just 
external  to  the  lachrymal  groove,  a  depression  for  the  attachment  of  the  Inferior 
oblique  muscle ;  externally,  the  suture  between  the  malar  and  superior  maxillary 
bones ;  near  its  middle,  the  infraorbital  groove ;  and  posteriorly,  the  suture  between 
the  maxillary  and  palate  bones. 

The  inner  wall  is  flattened,  and  formed  from  before  backward  by  the  nasal 
process  of  the  superior  maxillary,  the  lachrymal,  os  planum  of  the  ethmoid,  and  a 
small  part  of  the  body  of  the  sphenoid.  This  surface  presents  the  lachrymal 
groove  and  crest  of  the  lachrymal  bone,  and  the  sutures  connecting  the  lachrymal 
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with  the  superior  maxillary,  the  ethmoid  with  the  lachrymal  in  front,  and  the 
ethmoid  with  the  sphenoid  behind. 

The  outer  wall  is  formed  in  front  by  the  orbital  process  of  the  malar  bone ; 
behind,  by  the  orbital  surface  of  the  sphenoid.  On  it  are  seen  the  orifices  of  one 
or  two  malar  canals,  and  the  suture  connecting  the  sphenoid  and  malar  bones. 

Angles. — The  superior  external  angle  is  formed  by  the  junction  of  the  upper 
and  outer  walls ;  it  presents,  from  before  backward,  the  suture  connecting  the 
frontal  with  the  malar  in  front  and  with  the  great  wing  of  the  sphenoid  behind ; 
quite  posteriorly  is  the  foramen  lacerum  anterius,  or  sphenoidal  fissure,  which 
transmits  the  third,  the  fourth,  the  three  branches  of  the  ophthalmic  division  of 
the  fifth,  the  sixth  nerve,  some  filaments  from  the  cavernous  plexus  of  the  sym- 
pathetic, the  orbital  branch  of  the  middle  meningeal  artery,  a  recurrent  branch 
from  the  lachrymal  artery  to  the  dura  mater,  and  the  ophthalmic  vein.  The 
mperior  intemul  angle  is  formed  by  the  junction  of  the  upper  and  inner  wall,  and 
presents  the  suture  connecting  the  frontal  bone  with  the  lachrymal  in  front  and 
with  the  ethmoid  behind.  The  point  of  junction  of  these  three  sutures  has  been 
named  the  dacryon.  This  angle  presents  two  foramina,  the  anterior  and  posterior 
ethmoidal,  the  former  transmitting  the  anterior  ethmoidal  vessels  and  nasal  nerve, 
the  latter  the  posterior  ethmoidal  vessels.  The  inferior  external  angle,  formed 
by  the  junction  of  the  outer  wall  and  floor,  presents  the  spheno-maxillary  fissure, 
which  transmits  the  superior  maxillary  nerve  and  its  orbital  branches,  the  infra- 
orbital vessels,  and  the  ascending  branches  from  the  spheno-palatine  or  Mockers 
ganglion.  The  inferior  internal  angle  is  formed  by  the  union  of  the  lachrymal 
and  OS  planum  of  the  ethmoid  with  the  superior  maxillary  and  palate  bones. 
The  circumference,  or  base,  of  the  orbit,  quadrilateral  in  form,  is  bounded  above 
by  the  supraorbital  ridge ;  below,  by  the  anterior  border  of  the  orbital  plate  of  the 
malar,  superior  maxillary,  and  lachrymal  bones;  externally,  by  the  external 
angular  process  of  the  frontal  and  the  malar  bones ;  internally,  by  the  internal 
angular  process  of  the  frontal  and  the  nasal  process  of  the  superior  maxillary. 
The  circumference  is  marked  by  three  sutures,  the  fron to-maxillary  internally, 
the  fronto-malar  externally,  and  the  malo-maxillary  below ;  it  contributes  to  the 
formation  of  the  lachrymal  groove,  and  presents,  above,  the  supraorbital  notch 
(or  foramen),  for  the  passage  of  the  supraorbital  vessels  and  nerve.  The  apex, 
situated  at  the  back  of  the  orbit,  corresponds  to  the  optic  foramen,  a  short,  circular 
canal,  which  transmits  the  optic  nerve  and  ophthalmic  artery.  It  will  thus  be 
seen  that  there  are  nine  openings  communicating  with  each  orbit — viz.  the  optic 
foramen,  foramen  lacerum  anterius,  spheno-maxillary  fissure,  supraorbital  foramen, 
infraorbital  canal,  anterior  and  posterior  ethmoidal  foramina,  malar  foramina,  and 
canal  for  the  nasal  duct. 


The  Nasal  Fossae. 

The  Nasal  Fosss  are  two  large,  irregular  cavities  situated  on  either  side  of  the 
middle  line  of  the  face,  extending  from  the  base  of  the  cranium  to  the  roof  of  the 
mouth,  and  separated  from  each  other  by  a  thin  vertical  septum.  They  communi- 
cate by  two  large  apertures,  the  anterior  nares,  with  the  front  of  the  face,  and  by  the 
two  posterior  nares  with  the  pharynx  behind.  These  fossse  are  much  narrower 
above  than  below,  and  in  the  middle  than  at  the  anterior  or  posterior  openings ; 
their  depth,  which  is  considerable,  is  much  greater  in  the  middle  than  at  either 
extremity.  Each  nasal  fossa  communicates  with  four  sinuses,  the  frontal  above, 
the  sphenoidal  behind,  and  the  maxillary  and  ethmoidal  on  the  outer  wall.  Each 
fossa  also  communicates  with  four  cavities;  with  the  orbit  by  the  lachrymal 
groove,  with  the  mouth  by  the  anterior  palatine  canal,  with  the  cranium  by  the 
olfiwtory  foramina,  and  with  the  spheno-maxillary  fossa  by  the  spheno-palatine 
foramen  ;  and  they  occasionally  communicate  with  each  other  by  an  aperture  in 
the  septum.  The  bones  entering  into  their  formation  are  fourteen  in  number : 
three  of  the  cranium,  the  frontal,  sphenoid,  and  ethmoid,  and  all  the  bones  of  the 
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face,  excepting  the  malar  and  lower  jaw.     Each  cavity  is  bounded  by  a  roof,  a 
floor,  an  inner  and  an  outer  wall. 

The  upper  wall,  or  roof  (Fig.  176),  is  long,  narrow,  and  concave  from  before 
backward ;  it  is  formed  in  front  by  the  nasal  bones  and  nasal  spine  of  the  frontal, 
which  are  directed  downward  and  forward;  in  the  middle, by  the  cribriform  plate 
of  the  ethmoid,  which  is  horizontal ;  and  behind,  by  the  under  surface  of  the  bodv 
of  the  sphenoid,  and  sphenoidal  turbinated  bones,  which  are  directed  downward 
and  backward.  This  surface  presents,  from  before  backward,  the  internal  aspect 
of  the  nasal  bones;  on  their  outer  side,  the  suture  formed  between  the  nasal  bone 
and  the  nasal  process  of  the  superior  maxillary ;  on  their  inner  side,  the  elevated 
crest  which  receives  the  nasal  spiue  of  the  frontal  and  the  perpendicular  plate  of 
the  ethmoid,  and  articulates  with  its  fellow  of  the  opposite  side ;  whilst  the  surface 
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of  the  bones  is  perforated  by  a  few  small  vascular  apertures,  and  presents  the 
longitudinal  groove  for  the  nasal  nerve ;  farther  back  is  the  transverse  suture, 
connecting  the  frontal  with  the  nasal  in  front,  and  the  ethmoid  behind,  the 
olfactory  foramina  and  nasal  slit  on  the  under  surface  of  the  cribriform  plate,  and 
the  suture  between  it  and  the  sphenoid  behind:  quite  posteriorly  are  seen  the 
sphenoidal  turbinated  bones,  the  orifices  of  the  sphenoidal  sinuses,  and  the 
articulation  of  the  alie  of  the  vomer  with  the  under  surface  of  the  body  of  the 
sphenoid. 

The  fioor  is  flattened  from  before  backward,  concave  from  side  to  side,  and 
wider  in  the  middle  than  at  either  extremity.  It  is  formed  in  front  by  the  palate 
process  of  the  superior  maxillary ;  behind,  by  the  palate  process  of  the  palate  bone. 
This  surface  presents,  from  before  backward,  the  anterior  nasal  spine;  behind 
this,  the  upper  orifices  of  the  anterior  palatine  canal ;  internally,  the  elevated  crest 
which  articulates  with  the  vomer ;  and  behind,  the  suture  between  the  palate  and 
superior  maxillary  bones,  and  the  posterior  nasal  spine. 

The  inner  vail,  or  septum  (Fig.  177),  is  a  thin  vertical  partition  which  sepa- 
rates the  nasal  fosste  from  one  another ;  it  is  occasionally  perforated,  so  that  the 
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fossse  communicftte,  and  it  is  frequently  deflected  considerably  to  one  side.^  It  is 
fonned.  in  front,  by  the  crest  of  the  nasal  bones  and  nasal  spine  of  the  frontal ;  in 
llie  middle,  by  the  perpendicular  plate  of  the  ethmoid ;  behind,  by  the  vomer  and 
roatrum  of  the  sphenoid  ;  below,  by  the  crest  of  the  superior  maxillary  and  palate 
bones.  It  presents,  in  front,  a  large,  triangular  notch,  which  receives  the  tri- 
sngular  cartilage  of  the  nose;  and  behind,  the  guttural  edge  of  the  vomer.  Its 
sarfiice  is  marked  by  numerous  vascular  and  nervous  canals  and  the  groove  for 
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Fia.  177.— Inner  wall  of  nasal  (bssK,  or  septum  of  uoee. 

ibe  naso-palatine  nerve,  and  is  traversed  by  sutures  connecting  the  bones  of  which 
it  is  formed. 

The  outer  wall  (Fie.  176)  is  formed,  in  front,  by  the  nasal  process  of  the 
superior  masillary  and  lachrymal  bones ;  in  the  middle,  by  the  ethmoid  and  inner 
anrfaee  of  the  superior  maxillary  and  inferior  turbinated  bones;  behind,  by  the 
vertical  plate  of  the  palate  bone  and  the  internal  pterygoid  plate  of  the  sphenoid. 
This  surface  presents  three  irregular  longitudinal  passages,  or  miatuaea,  formed 
between  three  horizontal  plates  of  bone  that  spring  from  it;  they  are  termed 
the  superior,  middle,  and  inferior  meatuses  of  the  nose.  The  superior  meatus,  the 
smallest  of  the  three,  is  situated  at  the  upper  and  back  part  of  each  nasal  fossa, 
flcciipying  the  posterior  third  of  the  outer  wall.  It  is  situated  between  the  superior 
and  middle  turbinated  bones,  and  has  opening  into  it  two  foramina,  the  »pheno- 
j-atatine  at  the  back  of  its  outer  wall,  and  the  posterior  ethmoidal  cells  at  the  front 
part  of  the  outer  wall.  The  opening  of  the  sphenoidal  sinuses  is  usually  at  the 
apper  and  back  part  of  the  nasal  fossje  immediately  behind  the  superior  turbinated 
bone.  The  middle  meatus  is  situated  between  the  middle  and  inferior  turbinated 
bones,  and  occupies  the  posterior  two-thirds  of  the  outer  wall  of  the  nasal  fossa. 
It  presents  two  apertures.  In  front  is  the  orifice  of  the  infundihulum,  by  which 
the  middle  meatus  communicates  with  the  anterior  ethmoidal  cells,  and  through 
these  with  the  frontal  sinuses.  At  the  centre  of  the  outer  wall  is  the  orifice  oftJi<' 
antrum,  which  varies  somewhat  as  to  its  exact  position  in  different  skulls.  The 
mferior  meatus,  the  largest  of  the  three,  is  the  space  between  the  inferior  turbinated 
'See  footnote,  p.  187. 
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bone  and  the  floor  of  the  nasal  fossa.  It  extends  along  the  entire  length  of  the 
outer  wall  of  the  nose,  is  broader  in  front  than  behind,  and  presents  anteriorly  the 
lower  orifice  of  the  canal  for  the  nasal  duct. 

The  anterior  nares  present  a  heart-shaped  or  pyriform  opening  whose  long 
axis  is  vertical  and  narrow  extremity  upward.  This  opening  in  the  recent  state 
is  much  contracted  by  the  cartilages  of  the  nose.  It  is  bounded  above  by  the 
inferior  border  of  the  nasal  bone ;  laterally  by  the  thin,  sharp  margin  which 
separates  the  facial  from  the  nasal  surface  of  the  superior  maxillary  bone ;  and 
below  by  the  same  border,  where  it  slopes  inward  to  join  its  fellow  of  the  opposite 
side  at  the  anterior  nasal  spine. 

The  posterior  nares  are  the  two  posterior  oval  openings  of  the  nasal  fossae,  by 
which  they  communicate  with  the  upper  part  of  the  pharynx.  They  are  situated 
immediately  in  front  of  the  basilar  process,  and  are  bounded  above  by  the  under 
surface  of  the  body  of  the  sphenoid  ;  below  by  the  posterior  border  of  the  horizontal 
plate  of  the  palate  bone ;  externally,  by  the  internal  surface  of  the  internal  pterygoid 
plate ;  and  internally,  in  the  middle  line,  they  are  separated  from  each  other  by 
the  guttural  border  of  the  vomer. 

Sur£a»ce  Form. — ^The  various  bony  prominences  or  landmarks  which  are  to  be  easily  felt  and 
recognized  in  the  head  and  face,  and  which  afford  the  means  of  mapping  out  the  important 
structures  comprised  in  this  region,  are  as  follows : 

1.  Supraorbital  arch.  8.  Parietal  eminences. 

2.  Internal  angular  process.  9.  Temporal  ridge. 

3.  External  angular  process.  10.  Frontal  eminences. 

4.  Zygomatic  arch.  11.  Superciliary' ridges, 

5.  Mastoid  process.  12.  Nasal  bones. 

6.  External  occipital  protuberance.  13.  Lower  margin  of  orbit. 

7.  Superior  curved  line  of  occipital  bone.  14.  Lower  jaw. 

1.  The  supraorbital  arches  are  to  be  felt  throughout  their  entire  extent,  covered  by  the  ej^e- 
brows.  They  form  the  upper  boundary  of  the  circumference  or  base  of  the  orbit,  and  separate 
the  face  from  the  forehead.  They  are  strong  and  arched,  and  terminate  internally  on  each  side 
of  the  root  of  the  nose  in  the  internal  angular  process ^  which  articulates  with  the  lachrymal 
bone.  Externally  they  terminate  in  the  external  angular  process^  which  articulates  with  the 
malar  bone.  This  arcned  ridge  is  sharper  and  more  definea  in  its  outer  than  in  its  inner  half, 
and  forms  an  overhanging  process  whicn  protects  and  shields  the  lachrymal  gland.  It  thus  pro- 
tects the  eye  in  its  most  ext)osed  situation  and  in  the  direction  from  wnich  blows  are  most  likely 
to  descend.  Tho  supraoroital  arch  varies  in  prominence  in  different  individuals.  It  is  more 
marked  in  the  male  tnan  in  the  female,  and  in  some  races  of  mankind  than  others.  In  the  less 
civilized  races,  as  the  forehead  recedes  backward,  the  supraorbital  arch  becomes  more  prominent, 
and  approaches  more  to  the  characters  of  the  monkey  tribe,  in  which  the  supraorbital  arches  are 
verj^  largely  developed,  and  acquire  additional  prominence  from  the  oblique  direction  of  the 
frontal  bone.  2.  The  viternnl  angular  process  is  scarcely  to  be  felt.  Its  position  is  indicated 
by  the  angle  formed  by  the  suprao '  ital  arch  with  the  nasal  process  of  the  superior  maxillary 
bone  and  the  lachrymal  bone  at  the  inner  side  of  the  orbit.  Between  the  internal  angular  pro- 
cesses of  the  two  sides  is  a  broad  surface  which  assists  in  forming  the  root  of  the  nose,  and 
immediately  above  this  a  broad,  smooth,  somewhat  triangular  siuiace,  the  glabella^  situated 
between  the  superciliary  ridges.  3.  The  external  angular  process  is  much  more  strongly  marked 
than  the  internal,  and  is  plainly  to  be  felt.  It  is  formed  by  tne  junction  or  confluence  of  the  supra- 
orbital and  temporal  riages,  and,  articulating  with  the  malar  bone,  it  serves  to  a  very  consider- 
able extent  to  support  the  bones  of  the  face.  In  carnivorous  animals  the  external  angular  pro- 
cess does  not  articulate  with  the  malar,  and  therefore  this  lateral  support  to  the  bones  of  the  face 
is  not  present.  4.  The  zygomatic  arch  is  plainly  to  be  felt  througliout  its  entire  length,  being 
situated  almost  immediately  under  the  skin.  It  is  formed  by  the  malar  bone  and  the  zygomatic 
process  of  the  temporal  bone.  At  its  anterior  extremity,  where  it  is  formed  by  the  malar  bone, 
it  is  broad  and  forms  the  prominence  of  the  cheek  ;  the  posterior  part  is  narrower,  and  termi- 
nates just  in  front  and  a  little  above  the  tragus  of  the  external  ear.  The  lower  border  is  more 
plainly  to  be  felt  than  the  upper,  in  consequence  of  the  dense  temporal  fascia  being  attached  to 
the  upper  border,  which  somewhat  obscures  its  outline.  Its  shape  differs  very  much  in  individ- 
uals and  in  different  races  of  mankind.  In  the  most  degraded  type  of  skull — ^as,  for  instance,  in 
the  skull  of  the  negro  of  the  Guinea  Coast — the  malar  bones  project  forward  and  not  outward, 
and  the  zygoma  at  its  posterior  extremity  extends  farther  outward  before  it  is  twisted  on  itself  to 
be  prolonged  forward.  This  makes  the  zygomatic  arch  stand  out  in  bold  relief,  and  affords 
greater  space  for  the  Temporal  muscle.  In  skulls  which  have  a  more  pyramidal  shape,  as  in  the 
Esquimaux  or  Greenlander,  the  malar  bones  do  not  project  forward  and  downward  under  the 
eyes,  as  in  the  preceding  form,  but  take  a  direction  outward,  fonning  with  the  zygoma  a  large, 
rounded  sweep  or  segment  of  a  circle.    Thus  it  happens  that  if  two  lines  are  drawn  from  the 
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zygomatic  arches,  touching  the  temporal  ridges,  they  meet  over  the  top  of  the  head,  instead  of 
bemg  parallel,  or  nearlv  so,  as  in  the  European  skull,  in  which  the  zygomatic  arches  are  not 
neany  so  prominent.     This  gives  to  the  face  a  more  or  less  oval  type.     5.  Behind  the  ear  is  the 
mastoid  portion  of  the  temporal  bone,  plainly  to  be  felt^  and  terminating  below  in  a  nipple- 
shaped  process,     tts  anterior  border  can  be  traced  immediately  behind  the  concha,  and  its  apex 
is  on  about  a  level  with  the  lobule  of  the  ear.     It  is  rudimentaiy  in  infancy,  out  gradually 
develops  in  childhood,  and  is  more  marked  in  the  negro  than  in  the  European.     6.  The  external 
occipital  protuberance  is  always  plainly  to  be  felt  just  at  the  level  where  the  skin  of  the  neck 
joins  that  of  the  head.     At  this  point  the  skull  is  thick  for  the  purposes  of  safety,  while 
radiating  from  it  are  numerous  curved  arches  or  buttresses  of  bone  which  give  to  this  portion  of 
the  skull  further  security.     7.  Running  outward  on  either  side  from  the  external  occipital  t)rotu- 
beranee  is  an  arched  ridge  of  bone,  which  can  be  more  or  less  plainly  perceived.     This  is  the 
superior  curved  line  of  the  occipital  bone,  and  gives  attachment  to  some  of  the  muscles  which 
keep  the  head  erect  on  the  spine ;  accordingly,  we  find  it  more  developed  in  the  negro  tribes,  in 
whom  the  iaws  are  much  more  massive,  and  therefore  require  stronger  muscles  to  prevent  their 
extra  weight  canying  the  head  forward.     Below  this  line  the  surface  of  bone  at  the  back  of  the 
head  is  obscured  by  the  overlving  muscles.     Above  it.  the  vault  of  the  cranium  is  thinly  covered 
with  soil  structures,  so  that  the  lorm  of  this  part  of  tne  head  is  almost  exactly  that  of  the  upper 
portion  of  the  occipital,  the  parietal,  and  the  frontal  bones  themselves ;   and  in  bald  persons 
even  the  lines  of  junction  of  the  bones,  especially  the  junction  of  the  occipital  and  parietal  at 
the  lambdoid  suture,   m&y  be  defined  as  a  slight  depression,  caused  by  the  thickening  of  the 
borders  of  the  bones  in  this  situation.     8.  In  the  line  of  the  greatest  transverse  diameter  of  the 
head,  on  each  side  of  the  middle  line,  are  generally  to  be  found  the  parietal  eminences,  though 
sometimes  these  eminences  are  not  situated  at  the  point  of  the  greatest  transverse  diameter, 
which  is  at  some  other  prominent  part  of  the  parietal  region.     They  denote  the  point  where 
ossification  of  the  bone  oegan.     They  are  much  more  prominent  and  well-marked  in  early  life, 
in  consequence  of  the  sharper  curve  of  the  bone  at  this  period,  so  that  it  describes  the  segment 
of  a  smaller  circle.     Later  in  life,  as  the  bone  grows,  the  curve  spreads  out  and  forms  the 
garment  of  a  larger  circle,  so  that  the  eminence  b^mes  less  distinguishable.    In  consequence  of 
this  sharp  curve  of  the  bone  in  early  life,  the  whole  of  the  vault  of  the  skull  has  a  sauarer  shape 
than  it  has  in  later  life,  and  this  appearance  may  persist  in  some  rickety  skulls.     The  eminence 
is  more  apparent  in  the  negro's  skull  than  in  that  of  the  European.     This  is  due  to  greater  fiat^ 
tening  ot  the  temporal  fossa  in  the  former  skull  to  accommodate  the  larger  Temporal  muscle 
which  exists  in  these  races.     The  parietal  eminence  is  particularly  exposed  to  injury  from  blows 
or  falls  on  the  'head,  but  fracture  is  to  a  certain  extent  prevented  by  the  shape  of  the  bone, 
which  forms  an  arch,  so  that  the  force  of  the  blow  is  diffused  over  the  bone  in  every  direction. 
9.  At  the  side  of  the  head  may  be  felt  the  temporal  ridge.     Commencing  at  the  external 
angular  process,  it  may  be  felt  as  a  curved  ridge,  passing  upward  and  then  curving  backward,  on 
the  frontal  bone,  separating  the  forehead  from  the  temporal  fossa.     It  mav  then  be  traced,  pass- 
me  backward  in  a  curved  direction,  over  the  parietal  Done,  and,  though  less  marked,  still  gen> 
eriUy  to  be  recognized.     Finally,  the  ridge  curves  downward,  and  terminates  in  the  posterior 
root  of  the  zygoma,  which  separates  the  squamous  from  the  subcutaneous  mastoid  portion  of  the 
temporal  bone.     Mr.  Victor  Horsley  has  recently  shown,  in  an  article  on  the  *' Topography  of 
the  Cerebral  Cortex."  that  the  second  temporal  ridge  (see  page  170)  can  be  made  out  on  the 
liring  body.     10.  The  frontal  eminences  vary  a  good  deal  m  different  individuals,  being  con- 
siderably more  prominent  in  some  than  in  others,  and  they  are  oflen  not  symmetrical  on  the  two 
sides  of  the  body,  the  one  being  much  more  pronounced  than  the  other.     This  is  oflen  especially 
noticeable  in  the  skull  of  the  young  child  or  infant,  and  becomes  less  marked  as  age  advances. 
The  prominence  of  the  frontal  eminences  depends  more  upon  the  general  shape  of  the  whole 
bone  than  upon  the  size  of  the  protuberances  themselves.    As   the   skull  is  more   highly 
'developed  in  consequence  of  increased  intellectual  capacity,  so  the  frontal  bone  becomes  more 
upright  and  the  frontal  eminences  stand  out  in  bolder  relief.     Thus  they  may  be  considered  as 
anoraing,  to  a  certain  extent,  an  indication  of  the  development  of  the  hemispheres  of  the  brain 
beneath,  and  of  the  mental  powers  of  the  individual.     They  are  not  so  mucn  exposed  to  injury 
as  the  parietal  eminences.     In  falls  forward  the  upper  extremities  are  involuntarily  thrown  out, 
and  break  the  force  of  the  fall,  and  thus  shield  tne  frontal  bone  from  injury.     II.  Below  the 
irvDtal  eminences  on  the  forehead  are  the  superciliary  ridges,  which  denote  the  position  of  the 
frontal  sinuses,  and  vary  according  to  the  size  of  the  sinuses  in  different  individuals,  being,  as  a 
rale,  small  in  the  female,  absent  in  children,  and  sometimes  unusually  prominent  in  the  male, 
when  the  frontal  sinuses  are  largely  developed.     They  commence  on  either  side  of  the  glabella, 
and  at  first  present  a  rounded  form,  which  gradually  fades  awa^r  at  their  outer  ends.     12.  The 
msnl  bones  form  the  prominence  of  the  nose.     They  vary  much  in  size  and  shape,  and  to  them 
iz^  doe  the  varieties  in  the  contour  of  this  organ  and  much  of  the  character  of  the  face.     Thus, 
in  the  Mongolian  or  Ethiopian  they  are  flat,  broad  and  thick  at  their  base,  giving  to  these  tribes 
the  flattened  nose  by  which  they  are  characterized,  and  differing  very  decidedly  from  the 
( aocasian,  in  whom  the  nose,  owing  to  the  shape  of  the  nasal  bones,  is  narrow,  elevated  at  the 
bridge,  and  elongated  downward.     Below,  the  nasal  bones  arc  thin  and  connected  with  the  car- 
tibures  of  the  nose,  and  the  angle  or  arch  formed  by  their  union  serves  to  throw  out  the  bridge 
of  the  nose,  and  is  much  more  marked  in  some  individuals  than  others.     13.  The  lower  margin 
f*f  the  tfH>it,  formed  by  the  superior  maxillary  bone  and  the  malar  bone,  is  plainly  to  be  felt 
throughout  its  entire  length.     It  is  continuous  internally  with  the  nasal  process  of  the  superior 
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maxillary  bone,  which  forms  the  inner  boundary  of  the  orbit.  At  the  point  of  junction  of  the 
lower  margin  of  the  orbit  with  the  nasal  process  is  to  be  felt  a  little  tubercle  of  bone,  which  can 
be  plainly  perceived  by  running  the  finger  along  the  bone  in  this  situation.  This  tubercle  serves 
as  a  guide  to  the  position  of  the  lachrymal  sac,  which  is  situated  above  and  behind  it.  14.  The 
outline  of  the  lower  jaw  is  to  be  felt  throughout  its  entire  length.  Just  in  front  of  the  tragus  of 
the  external  ear,  and  below  the  zygomatic  arch,  the  condyle  can  be  made  out  When  the  mouth 
is  opened  this  prominence  of  bone  can  be  perceived  advancing  out  of  the  glenoid  fossa  on  to  the 
eminentia  articularis,  and  receding  again  when  the  mouth  is  closed.  From  the  condyle  the  pos- 
terior border  of  the  ramus  can  be  felt  extending  down  to  the  angle.  A  line  drawn  from  the  con- 
dyle to  the  angle  would  indicate  the  exact  position  of  this  border.  From  the  angle  to  the 
symphysis  of  the  chin  the  lower,  rounded  border  of  the  body  of  the  bone  is  plainly  to  be  felt 
At  tne  point  of  junction  of  the  two  halves  of  the  bone  is  a  well-marked  triangular  eminence,  the 
mental  process,  which  forms  the  prominence  of  the  chin. 

Surgical  Anatomy. — An  arrest  in  the  ossifying  process  ma^  give  rise  to  deficiencies  or 

gaps ;  or  to  fissures,  which  are  of  importance  in  a  medico-legal  pomt  of  view,  as  thev  are  liable 

to  DC  mistaken  for  fractures.    The  fissures  generally  extend  from  the  margin  toward  the  centre 

i  of  the  bone,  but  gaps  may  be  found  in  the  middle  as  well  as  at  the  edges.     In  course  of  time 

they  may  become  covered  with  a  thin  lamina  of  bone. 

Occasionally  a  protrusion  of  the  brain  or  its  membranes  may  take  place  through  one  of  these 
jraps  in  an  imperfectly  developed  skull.  When  the  protrusion  consists  of  membran^  only,  and 
IS  filled  with  cerebrospinal  fluid,  it  is  called  a  meningocele;  when  the  protrusion  consists  of  brain 
as  well  as  membranes,  it  is  termed  an  encephalocele ;  and  when  the  protruded  brain  is  a  prolonga- 
tion from  one  of  the  ventricles,  and  is  distended  by  a  collection  of  fluid  from  an  accumulation  in 
the  ventricle,  it  is  termed  an  kydrencephalocde.  This  latter  condition  is  frequentlv  found  at  the 
root  of  the  nose,  where  a  protrusion  of  the  anterior  horn  of  the  lateral  ventricle  takes  place 
through  a  deficiency  of  the  fronto-nasal  suture.  These  malformations  are  usually  found  in  the 
middle  line,  and  most  frequently  at  the  back  of  the  head,  the  protrusion  taking  place  through 
the  fissures  which  separate  the  four  centres  of  ossification  from  which  the  taoular  portion 
is  originally  developed  (see  page  169).  They  most  frequently  occur  through  the  upper  part  of 
the  vertical  fissure,  which  is  the  last  to  ossify,  but  not  uncommonly  through  the  lower  part,  when 
the  foramen  ma:?num  may  be  incomplete,  More  rarelv  these  protrusions  have  been  met  with  in 
other  situations  than  those  two  above  mentioned,  botli  through  normal  fissures,  as  the  sagittal, 
lambdoid,  and  other  sutures,  and  also  through  abnormal  gaps  and  deficiencies  at  the  sides,  and 
even  at  the  base  of  the  skull. 

Fractures  of  the  skull  mav  be  divided  into  those  of  the  vault  and  those  of  the  base.  Frac- 
tures  of  the  vault  are  usually  produced  by  direct  violence.  This  portion  of  the  skull  varies  in 
thickness  and  strength  in  different  individuals,  but,  as  a  rule,  is  sufficiently  strong  to  resist  a  very 
considerable  amount  of  violence  without  being  fractured.  This  is  due  to  several  causes :  the 
rounded  shape  of  the  head  and  its  construction  of  a  number  of  secondary  elastic  arches,  each 
made  up  of  a  single  bone ;  the  fact  that  it  consists  of  a  number  of  bones,  united,  at  all  events  in 
early  lire,  by  a  sutural  ligament,  which  acts  as  a  sort  of  buffer  and  interrupts  the  continuity  of  any 
violence  applied  to  the  skull ;  the  presence  of  arches  or  ridges,  both  on  the  inside  and  outside  of 
the  skull,  which  materially  strengthen  it ;  and  the  mobility  of  the  head  upon  the  spine  which 
further  enables  it  to  withstand  violence.  The  elasticity  of  the  bones  of  tne  head  is  especially 
marked  in  the  skull  of  the  child,  and  this  fact,  together  with  the  wide  separation  of  the  indi- 
vidual bones  from  each  other,  and  the  interposition  between  them  of  other  sofler  structures 
renders  fracture  of  the  bones  of  the  head  a  very  uncommon  event  in  infants  and  quite  young 
children ;  as  age  advances  and  the  bones  become  Joined,  fracture  is  more  common,  though  still 
less  liable  to  occur  than  in  the  adult  Fractures  of*^the  vault  may,  and  generally  do,  involve  the 
whole  thickness  of  the  bone ;  but  sometimes  one  table  mav  be  fractured  without  an>[  correspond- 
ing injury  to  the  other.  Thus,  the  outer  table  of  the  skull  may  be  splintered  and  driven  into  the 
diploe,  or  in  the  frontal  or  mastoid  regions  into  the  frontal  or  mastoid  cells,  without  any  ii\jur>' 
to  the  internal  table.  And  on  the  other  hand,  the  internal  table  has  been  fractured,  and  por- 
tions of  it  depressed  and  driven  inward,  without  any  fracture  of  the  outer  table.  As  a  rule,  in 
fractures  of  the  skull  the  inner  table  is  more  splintered  and  comminuted  than  the  outer, 
and  this  is  due  to  several  causes.  It  is  thinner  ana  more  brittle :  the  force  of  the  violence  as  it 
passes  inward  becomes  broken  up,  and  is  more  diffused  by  the  time  it  reaches  the  inner  table ; 
the  bone,  being  in  the  form  of  an  arch,  bends  as  a  whole  and  spreads  out,  and  thus  presses  the 
particles  together  on  the  convex  surface  of  the  arch — i.  e.  the  outer  table — and  forces  them 
asunder  on  the  concave  surface  or  inner  table ;  and,  lastly,  there  is  nothing  firm  under  the  inner 
table  to  support  it  and  oppose  the  force.  Fractures  of  the  vault  may  be  simple  fissures  or  starred 
and  comminuted  fractures,  and  these  may  be  depressed  or  elevated.  These  latter  cases  of 
fracture  with  elevation  of  the  fractured  portion  are  uncommon,  and  can  only  be  produced  by 
direct  wound.  In  comminuted  fracture  a  portion  of  the  skull  is  broken  into  several  pieces, 
the  lines  of  fracture  radiating  from  a  centre  where  the  chief  impact  of  the  blow  was  felt ; 
if  depressed,  a 'fissure  circumscribes  the  radiating  line,  enclosing  a  portion  of  skull.  If 
this  area  is  circular,  it  is  termed  a  "pond"  fracture,  audi  would  in  all  probability  have  been 
caused  by  a  round  instrument,  as  a  life-preserver  or  hammer;  if  elliptical  in  shape,  it  is 
termed  a  "  gutter  fracture,"  and  would  owe  its  shape  to  the  instrument  which  had  proouced  it, 
as  a  poker. 

Fractures  of  the  base  are  most  frequently  produced  by  the  extension  of  a  fissure  from  the 
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vault,  as  in  falls  on  the  head,  where  the  fissure  starts  from  the  part  of  the  vault  which  first 
struck  the  ground.  Sometimes,  however,  they  are  caused  by  direct  violence,  when  foreign 
bodies  have  been  forced  through  the  thin  roof  of  the  orbit,  through  the  cribriform  plate  of  the 
ethmoid  from  being  thrust  up  the  nose,  or  through  the  roof  of  the  pharynx.  Other  cases  of 
fmcture  of  the  base  ocxjur  from  indirect  violence,  as  in  fracture  of  the  occipital  bone  from  impac- 
tion of  the  spinal  column  against  its  condyles  in  falls  on  the  buttocks,  knees,  or  feet,  or  in  cases 
where  the  glenoid  cavity  has  been  fractured  by  the  violent  impact  of  the  condyle  of  the  lower  jaw 
against  it  from  blows  on  the  chin. 

The  most  common  place  for  fracture  of  the  base  to  occur  is  through  the  middle  fossa,  and 
here  the  fissure  usually  takes  a  fairly  definite  course.  Starting  from  the  point  struck,  which  is 
generally  somewhere  in  the  neighborhood  of  the  parietal  eminence,  it  runs  downward  through 
the  parietal  and  squamous  portion  of  the  temporal  bone  and  across  the  petrous  portion  of  this 
bone,  frequently  traversing  and  implicating  the  internal  auditory  meatus,  to  the  middle  lacerated 
foramen.  From  this  it  may  pass  across  the  body  of  the  sphenoid,  through  the  pituitary  fossa  to 
the  middle  lacerated  foramen  of  the  other  side,  and  may  indeed  travel  round  the  whole  cranium, 
so  as  to  completely  separate  the  anterior  from  the  posterior  part.  The  course  of  the  fracture 
should  be  borne  in  mind,  as  it  explains  the  symptoms  to  which  fracture  in  this  region  may  give 
rise;  thus,  if  the  fissure  pass  across  the  internal  auditory  meatus,  injury  to  the  facial  and 
auditory  nerves  may  result,  with  consequent  facial  paralysis  and  deafness ;  or  the  tubular  pro- 
longation of  the  arachnoid  around  these  nerves  in  the  meatus  may  be  torn,  and  thus  permit  of 
the  escape  of  the  cerebro-spinal  fluid  should  there  be  a  communication  between  the  internal  ear 
and  the  tympanum  and  the  membrana  tympani  be  ruptured,  as  is  frequently  the  case ;  again,  if 
the  fissure  passes  across  the  pituitarj'  fassa  and  the  muco- periosteum  covering  the  under  surface 
of  the  body  of  the  sphenoid  is  torn,  blood  will  find  its  way  into  the  pharynx  and  be  swallowed, 
and  after  a  time  vomiting  of  blood  will  result.  Fractures  of  the  anterior  fossa,  involving  the 
bones  forming  the  roof  of  the  orbit  and  nasal  fossa,  are  generally  the  results  of  blows  on  the  fore- 
head ;  but  fracture  of  the  cribriform  plate  of  the  ethmoid  may  be  a  complication  of  fracture  of 
the  nasal  bone.  When  the  fracture  implicates  the  roof  of  the  orbit,  the  blood  finds  its  way 
into  this  cavity,  and,  travelling  forward,  appears  as  a  subconjunctival  ecchymosis.  If  the  roof 
of  the  nasal  fossa  be  fractured,  the  blood  escapes  from  the  nose.  In  rare  cases  there  may 
be  also  escape  of  cerebro-spinal  fluid  from  the  nose  where  the  dura  mater  and  arachnoid  have 
been  torn.  In  fractures  of  the  posterior  fossa  extravasation  of  blood  may  appear  at  the  nape  of 
the  neck. 

Tlie  bones  of  the  skull,  being  subcutaneous,  are  fiHiguently  the  seat  of  nodes,  and  not  un- 
commonly necrosis  results  from  this  cause,  as  well  as  from  injury.  Necrosis  may  involve  the  en- 
tire tliickness  of  the  skull,  but  is  usually  confined  to  the  external  table.  Necrosis  of  the  internal 
table  alone  is  rarely  met  with.  The  bones  of  the  skull  are  also  frequently  the  seat  of  sarcoma- 
tous tumor. 

The  skull  in  rickets  is  peculiar:  the  forehead  is  high,  square,  and  projecting,  and  the 
antero-posterior  diameter  of  tne  skudl  is  long  in  relation  to  the  transverse  diameter.  Tlie  bones 
of  the  face  are  small  and  ill-developed,  and  this  gives  the  appearance  of  a  larger  head  than 
actually  exists.  The  bones  of  the  head  are  ofren  thick,  especially  in  the  neighborhood  of  the 
sutures,  and  the  anterior  ibntanelle  is  late  in  closing,  sometimes  remaining  unclosed  till  the  fourth 
year.  The  condition  of  craniotaI)€8  has  by  some  been  also  believed  to  be  the  result  of  rickets,  by 
ctthera  is  believed  to  be  due  to  inherited  syphilis.  In  these  cases  the  bone  undergoes  atrophic 
changes  in  patches,  so  that  it  becomes  greatly  thinned  in  places,  generally  where  there  is 
presure,  as  from  the  pillow  or  nurse's  arm.  It  is,  therefore,  usually  met  with  in  the  parietal 
bone  and  vertical  plate  of  the  occipital  bone. 

In  congenital  syphilis  deposits  of  porous  bone  are  often  found  at  the  ancles  of  the  parietal 
bones  and  two  halves  of  the  frontal  bone  which  bound  the  anterior  fontanelle.  These  deposits 
are  separated  by  the  coronal  and  sagittal  sutures,  and  give  to  the  skull  an  appearance  like  a  "  hot 
ertes  bun."  They  are  known  as  Parrot's  nodes,  and  such  a  skull  has  received  the  name  of  7iati- 
fomi.  from  its  fancied  resemblance  to  the  buttocks. 

In  connection  with  the  bones  of  the  face  a  common  malformation  is  cleft  palate,  owing  to 
the  non-union  of  the  palatal  processes  of  the  maxillary  or  pre-oral  arch  (see  page  120).  This 
cleft  may  involve  the  whole  or  only  a  portion  of  the  hard  palate,  and  usually  mvolves  the  soft; 
Dakte  also.  The  cleft  is  in  the  middle  line,  except  it  involves  the  alveolus  in  front,  when  it  fol- 
lows the  suture  between  the  main  portion  of  the  Done  and  the  pre-maxillaiy  bone.  Sometimes 
the  deft  runs  on  either  side  of  the  pre-maxillary  bone,  so  that  this  bone  is  quite  isolated  from 
the  maxillar>'  bones  and  hangs  from  the  end  of  the  vomer.  The  malformation  is  usually  asso- 
ciated with  hare-lip,  which,  when  single,  is  almost  always  on  one  side,  corresponding  to  the  posi- 
tion of  the  suture  between  the  lateral  incisor  and  canine  tooth.  Some  few  cases  of  median  hare- 
lip have  been  described.     In  double  hare-lip  there  is  a  cleft  on  each  side  of  the  middle  line. 

The  bones  of  the  face  are  sometimes  fractured  as  the  result  of  direct  violence.  The  two 
most  commonly  broken  are  the  nasal  bone  and  the  inferior  maxilla,  and  of  these  the  latter  is  by 
far  the  most  frequently  fractured  of  all  the  bones  of  the  face.  Fracture  of  the  nasal  bone  is 
for  the  most  part  transverse,  and  takes  place  about  half  an  inch  from  the  free  margin.  The 
bfoken  portion  may  be  displaced  backward  or  more  generally  to  one  side  by  the  force  which 
prudured  the  lesion,  as  there  are  no  muscles  here  which  can  cause  displacement.  The  malar 
bone  is  probably  never  broken  alone ;  that  is  to  say,  unconnected  with  a  fracture  of  the  other 
bones  or  the  face.     The  zygomatic  arch  is  occasionally  fractured,  and  when  this  occurs  from 
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direct  violence,  as  is  usually  the  case,  the  fragments  may  be  displaced  inward.  This  lesion  is 
often  attended  with  great  difficulty  or  even  inaoility  to  open  and  shut  the  mouth,  and  this  has 
been  stated  to  be  due  to  the  depressed  iiragments  perforating  the  temporal  muscle,  but  would 
appear  rather  to  be  caused  by  the  injury  done  to  the  bony  origin  or  the  Masseter  muscle. 
Fractures  of  the  superior  maxilla  may  vary  much  in  degree,  from  the  chipping  oflf  of  a  portion 
of  the  alveolar  arch,  a  frequent  accident  when  the ''old  key"  instrument  was  used  for  the 
extraction  of  teeth,  to  an  extensive  comminution  of  the  whole  bone  from  severe  violence,  as  the 
kick  of  a  horse.  The  most  common  situation  for  a  fracture  of  the  inferior  nuuriUary  bone  is  in 
the  neighborhood  of  the  canine  tooth,  as  at  this  spot  the  jaw  is  weakened  by  the  deep  socket  for 
the  fling  of  this  tooth ;  it  is  next  most  freauently  fractured  at  the  angle ;  then  at  the  symphysis, 
and  finally  the  neck  of  the  condyle  or  tne  coronoid  process  may  be  broken.  Occasionally  a 
double  fracture  may  occur,  one  in  either  half  of  the  bone.  The  fractures  are  usually  compound, 
from  laceration  of  the  mucous  membrane  covering  the  gums.  The  displacement  is  mainly  the 
result  of  the  same  violence  as  produced  the  injury,  but  may  be  further  increased  by  the  action 
of  the  muscles  passing  from  the  neighborhood  of  the  symphysis  to  the  hyoid  bone. 

The  superior  and  inferior  maxillary  bones  are  both  of  them  frequently  the  seat  of  necrosis, 
though  the  disease  affects  the  lower  much  more  frequently  than  the  upper  jaw,  probably  on 
account  of  the  greater  supply  of  blood  to  the  latter.  It  may  be  the  result  of  periostitis,  from 
tooth  irritation,  injury,  or  the  action  of  some  specific  poison,  as  syphilis,  or  from  salivation  by 
mercury ;  it  not  unfrequently  occurs  in  children  after  attacks  of  the  exanthematous  fevers,  and 
a  special  form  occurs  from  the  action  of  the  fumes  of  phosphorus  in  persons  engaged  in  match- 
making. 

Tumors  attack  the  jaw-bones  not  infrequently,  and  these  may  be  either  innocent  or  malig- 
nant: in  the  upper  jaw  cysts  may  occur  in  the  antrum,  constituting  the  so-called  dropsy  of  the 
antrum  ;  or,  again,  cysts  mav  form  in  either  jaw  in  connection  with  the  teeth  :  either  cysts  con- 
nected with  the  roots  of  fully-developed  teeth,  the  "dental  cyst;  "  or  cysts  connected  with 
imperfectly  developed  teeth,  the  ' '  dentigerous  cyst ' '  Solid  innocent  tumors  include  the  fibroma, 
the  chondroma,  and  the  osteoma.  Of  malignant  tumors  there  are  two  classes,  the  sarcomata 
and  the  epithelioma.  The  sarcoma  are  of  various  kinds,  the  spindle-celled  and  round-celled,  of 
a  very  malignant  character,  and  the  myeloid  sarcoma,  principally  affecting  the  alveolar  margin  of 
the  bone.  Of  the  epitheliomata  we  find  the  squamous  variety  spreading  to  the  bone  from  the 
palate  or  gum,  and  tne  c^'lindrical  epithelioma  originating  in  the  antrum  or  nasal  fossae. 

Both  superior  and  inferior  maxillary  bones  occasionally  require  removal  for  tumors  and  in 
some  other  conditions.  The  upper  jaw  is  removed  by  an  incision  from  the  inner  canthus  of  the 
eye,  along  the  side  of  the  nose,  round  the  ala,  and  down  the  middle  line  of  the  upper  lip.  A 
second  incision  is  carried  outward  from  the  inner  canthus  of  the  eye  along  the  lower  margin  of 
the  orbit  as  far  as  the  prominence  of  the  malar  bone.  The  flap  thus  formed  is  reflected  outward 
and  the  surface  of  the  bone  exposed.  The  connections  of  the  bone  to  the  other  bones  of  the 
face  are  then  divided  with  a  narrow  saw.  Thev  are  (1 )  the  junction  with  the  malar  bone,  pass- 
ing into  the  spheno-maxillary  fissure ;  (2)  the  nasal  process;  a  small  portion  of  its  upper 
extremity,  connected  with  the  nasal  bone  in  front,  the  lachrymal  bone  behind,  and  the  frontal 
bone  above,  being  left ;  (3)  the  connection  with  the  bone  on  the  opposite  side  and  the  palate  in 
the  roof  of  the  mouth.  The  bone  is  now  firmly  grasped  with  lion-forceps,  and  by  means  of  a 
rocking  movement  upward  and  downward  the  remaining  attachments  of  the  orbital  plate  with 
the  ethmoid,  and  the  back  of  the  bone  with  the  palate,  broken  through.  The  sofl  palate  is  first 
separated  from  the  hard  with  a  scalpel,  and  is  not  removed.     Occasionally  in  removing  the  upper 

i'aw  it  will  be  found  that  the  orbital  plate  can  be  spared,  and  this  should  always  be  done  if  possi- 
)le.  A  horizontal  saw-cut  is  to  be  made  just  below  the  infraorbital  foramen  and  the  bone  cut 
through  with  a  chisel  and  mallet.  Removal  of  one-half  of  the  lower  jaw  is  sometimes  required. 
If  possible,  the  section  of  the  bone  should  be  made  to  one  side  of  the  symphysis,  so  as  to  save 
the  genial  tubercles  and  the  origin  of  the  genio-hyo-^lossus  muscle,  as  otherwise  the  tongue  tends 
to  fall  backward  and  may  produce  suffocation.  Having  extracted  the  central  or  preferably  the 
lateral  incisor  tooth,  a  vertical  incision  is  made  down  to  the  bone,  commencing  at  the  free  margin 
of  the  lip,  and  carried  to  the  lower  border  of  the  bone ;  it  is  then  carried  along  its  lower  border 
to  the  angle  and  up  the  posterior  margin  of  the  ramus  to  a  level  with  the  lobule  of  the  ear. 
The  flap  thus  formed  is  raised  by  separating  all  the  structures  attached  to  the  outer  surface  of 
the  bone.  The  jaw  is  now  sawn  through  at  the  point  where  the  tooth  has  been  extracted,  and 
the  knife  passed  along  the  inner  side  of  the  jaw,  separating  the  structures  attached  to  this  sur- 
face. The  jaw  is  now  grasped  by  the  surgeon  and  strongly  depressed,  so  as  to  bring  down  the 
coronoid  process  and  enable  the  operator  to  sever  the  tendon  of  the  temporal  muscle.  The  jaw 
can  be  now  further  depressed,  care  being  taken  not  to  evert  it  or  rotate  it  outward,  which  would 
endanger  the  internal  maxillary  artery,  and  the  external  pterygoid  torn  through  or  divided.  The 
capsular  ligament  is  now  opened  in  front  and  the  lateral  ligaments  divided,  and  the  jaw  removed 
with  a  few  final  touches  of  the  knife. 

The  antrum  occasionally  requires  tapping  for  suppuration.  This  may  be  done  through  the 
socket  of  a  tooth,  preferably  the  first  molar,  the  fangs  of  which  are  most  intimately  connected 
with  the  antrum,  or  through  the  facial  aspect  of  the  bone  above  the  alveolar  process.  This  latter 
method  does  not  perhaps  afford  such  efficient  drainage,  but  there  is  less  chance  of  food  finding 
its  way  into  the  cavity.  The  operation  may  be  performed  by  incising  the  mucous  membrane 
above  the  second  molar  tooth,  and  driving  a  trocar  or  any  sharp-pointed  instrument  into  the 
cavity. 
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THE  HTOID  BONE. 

The  Hyoid  bone  is  named  from  its  resemblance  to  the  Greek  upsilon;  it  is 
also  called  the  lingual  hone,  because  it  supports  the  tongue  and  gives  attachment 
to  its  numerous   muscles.     It   is   a  bony   arch,  shaped   like   a   horseshoe,  and 
consisting    of   five   segments,    a 
body,  two   greater   cornua,    and 
two    lesser   cornua.     It    is   sus- 
pended from  the  tip  of  the  sty- 
loid  processes   of   the    temporal 
bone  by   ligamentous  bands,  the 
*ti)lo-hyoid  ligaments. 

The  Body  {baei-hyal)  forms 
the  central  part  of  the  bone,  and 
is  of  a  quadrilateral  form ;  its 
anterior  fturface  (Fig.  178),  con- 
rex,  directed  forward  and  upward, 
is  divided  into  two  parts  by  a 
vertical    ridge    which    descends  b«io-hyo,d 

along    the     median     line,    and    is  Pia.  m-Hyoidbone.    Anterior  surfliM.    (Enlargeai. 

crossed  at  right  angles  by  a  hori- 

Eontal  ridge,  so  that  this  surface  is  divided  into  four  spaces  or  depressions.  At 
the  point  uf  meeting  of  these  two  lines  is  a  prominent  elevation,  the  tubercle. 
The  portion  above  the  horizontal  ridge  is  directed  upward,  and  is  sometimes 
described  as  the  superior  border.  The  anterior  surface  gives  attachment  to  the 
Genio-hyoid  in  the  greater  part  of  its  extent;  above,  to  the  Genio-hyo-glossus; 
below,  to  the  Mylo-hyoid,  Stylo-hyoid,  and  aponeurosis  of  the  Digastric 
(."nprahyoid  aponeurosis);  and  between  these  to  part  of  the  Hyo-glossus. 
The  posterior  surface  is  smooth,  concave,  directed  backward  and  downward, 
and  separated  from  the  epiglottis  by  the  thyro-hyoid  membrane  and  by 
a  quantity  of  loose  areolar  tissue.  The  superior  border  is  rounded,  and 
gives  attachment  to  the  thyro-hyoid  membrane,  part  of  the  Genio-hyo-glossi  and 
Cbondro-gloBsi  muscles.  The  inferior  border  gives  attachment,  in  front,  to  the 
Slemo-hyoid;  behind,  to  the  Omo-hyoid  and  to  part  of  the  Thyro-hyoid  at  its 
jiinctioD  with  the  great  corou.  It  also  gives  attachment  to  the  Levator  glandulse 
thyroidese  when  this  muscle  is  present.  The  lateral  surfaces  are  small,  oval,  con- 
vex facets,  covered  with  cartilage  for  articulation  with  the  greater  cornua. 

The  <5reater  Comoa  (thyro-hyal)  project  backward  from  the  lateral  surfaces  of 
the  body  ;  they  are  flattened  from  above  downward,  diminish  in  size  from  before 
backward,  and  terminate  posteriorly  in  a  tubercle  for  the  attachment  of  the  lat- 
eral thyro-hyoid  ligament.  The  outer  surface  gives  attachment  to  the  Hyo-glos- 
sus, their  upper  border  to  the  Middle  constrictor  of  the  pharynx,  their  lower  bor- 
der to  part  of  the  Thyro-hyoid  muscle.  In  youth  the  great  cornua  are  connected 
to  the  body  by  cartilaginous  surfaces  and  held  together  by  ligaments ;  in  middle 
life  they  usually  become  joined. 

The  Lesser  Oomng  (cerato-ht/als)  are  two  small,  conical-shaped  eminences 
Attached  by  their  bases  to  the  angles  of  junction  between  the  body  an<l  greater 
cornua.  and  giving  attachment  by  their  apices  to  the  stylo-hyoid  ligaments.  The 
iitoaller  cornua  are  connected  to  the  body  of  the  bone  by  a  distinct  diarthrodial 
jiiint,  which  usually  persists  throughout  life,  but  occasionally  becomes  ankylosed. 

Derelopment. — By  j?iie  centres:  one  for  the  body,  and  one  for  each  cornu. 
Ossification  commences  in  the  body  about  the  eighth  month,  and  in  the  greater 
cornua  toward  the  end  of  fcetal  life.  Ossification  of  the  lesser  cornua  commences 
fnrae  months  after  birth. 

Attachment  of  Hnscles. — Stemo-hyoid,  Thyro-hyoid,  Omo-hyoid,  aponeurosis 

e  occasioDall}-  ossified  to  a 
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of  the  Digastric,  Stylo-hyoid,  Mylo-hyoid,  Genio-hyoid,  Genio-hyo-glossus,  Chon- 
dro-glossus,  Hyo-glossus,  Middle  constrictor  of  the  pharynx,  and  occasionally  a  few 
fibres  of  the  Lingualis.  It  also  gives  attachment  to  the  thyro-hyoidean  membrane 
and  the  stylo-hyoid,  thyro-hyoid,  and  hyo-epiglottic  ligaments. 

Surface  Form. — The  hvoid  bone  can  be  felt  in  the  receding  angle  below  the  chin,  and  the 
finger  can  be  carried  along  the  whole  length  of  the  bone  to  the  greater  cornu,  which  is  situated 
just  below  the  angle  of  the  jaw.  This  process  of  bone  is  best  perceived  by  making  pressure  on 
one  cornu,  and  so  pushing  the  bone  over  to  the  opposite  side,  when  the  cornu  of  this  side  will 
be  distinctly  felt  immediately  beneath  the  skin.  This  process  of  bone  is  an  important  landmark 
in  ligature  of  the  lingual  artery. 

Surgical  Anatomy. — ^The  hyoid  bone  is  occasionally  fractured,  generally  from  direct  vio- 
lence, as  in  the  act  of  garrotting  or  throttling.  The  great  cornu  is  the  part  of  the  bone  most  fre- 
quently broken,  but  sometimes  the  fracture  takes  place  through  the  body  of  the  bone.  In  con- 
sequence of  the  muscles  of  the  tongue  having  important  connections  with  this  bone,  there  is 
great  pain  upon  any  attempt  being  made  to  move  the  tongue,  as  in  speaking  or  swallowing. 

THE  THORAX. 

The  Thorax,  or  Ohest,  is  an  osseo-cartilaginous  cage  containing  and  protecting 
the  principal  organs  of  respiration  and  circulation.  It  is  conical  in  shape,  being 
narrow  above  and  broad  below,  flattened  from  before  backward,  and  longer  behind 
than  in  front.     It  is  somewhat  cordiform  on  transverse  section. 

Boundaries. — The  posterior  surface  is  formed  by  the  twelve  dorsal  vertebrae 
and  the  posterior  part  of  the  ribs.  It  is  convex  from  above  downward,  and  pre- 
sents on  each  side  of  the  middle  line  a  deep  groove  inconsequence  of  the  direction 
backward  and  outward  which  the  ribs  take  from  their  vertebral  extremities  to 
their  angles.  The  anterior  surface  is  flattened  or  slightly  convex,  and  inclined 
forward  from  above  downw^ard.  It  is  formed  bv  the  sternum  and  costal  cartilages. 
The  lateral  surfaces  are  convex ;  they  are  formed  by  the  ribs,  separated  from  each 
other  by  spaces,  the  intercostal  spaces.  These  are  eleven  in  number,  and  are 
occupied  by  the  intercostal  muscles. 

The  upper  opening  of  the  thorax  is  reniform  in  shape,  being  broader  from  side 
to  side  than  from  before  backward.  It  is  formed  by  the  first  dorsal  vertebra 
behind,  the  upper  margin  of  the  sternum  in  front,  and  the  first  rib  on  each  side. 
It  slopes  downward  and  forward,  so  that  the  anterior  part  of  the  ring  is  on  a 
lower  level  than  the  posterior.  The  antero-posterior  diameter  is  about  two  inches. 
The  lower  opening  is  formed  by  the  twelfth  dorsal  vertebra  behind,  by  the  twelfth 
rib  at  the  sides,  and  in  front  by  the  cartilages  of  the  eleventh,  tenth,  ninth,  eighth, 
and  seventh  ribs,  which  ascend  on  either  side  and  form  an  angle,  the  subcostal 
angle,  from  the  centre  of  which  the  ensiform  cartilage  projects.  It  is  wider  trans- 
versely than  from  before  backward.  It  slopes  obliquely  downward  and  backward, 
so  that  the  cavity  of  the  thorax  is  much  deeper  behind  than  in  front.  The  Dia- 
phragm closes  in  the  opening  forming  the  floor  of  the  thorax. 

In  the  female  the  thorax  differs  as  follows  from  the  male :  1.  Its  general 
capacity  is  less.  2.  The  sternum  is  shorter.  3.  The  upper  margin  of  the  sternum 
is  on  a  level  with  the  lower  part  of  the  body  of  the  third  dorsal  vertebra,  whereas 
in  the  male  it  is  on  a  level  with  the  lower  part  of  the  body  of  the  second  dorsal 
vertebra.  4.  The  upper  ribs  are  more  movable,  and  so  allow  a  greater  enlargement 
of  the  upper  part  of  the  thorax  than  in  the  male. 

The  Sternum. 

The  Sternum  (arepvou,  the  chest)  (Figs.  179,  180)  is  a  flat,  narrow  bone,  sit- 
uated in  the  median  line  of  the  front  of  the  chest,  and  consisting,  in  the  adult,  of 
three  portions.  It  has  been  likened  to  an  ancient  sword ;  the  upper  piece,  repre- 
senting the  handle,  is  termed  the  manubrium  ;  the  middle  and  largest  piece,  which 
represents  the  chief  part  of  the  blade,  is  termed  the  gladiolus  ;  and  the  inferior 
piece,  which  is  likened  to  the  point  of  the  sword,  is  termed  the  ensiform  or  xiphoid 
appendix.  In  its  natural  position  its  inclination  is  oblique  from  above  downward 
and  forward.     It  is  flattened  in  front,  concave  behind,  broad  above,  becoming 
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narrowed  at  the  point  where  the  first  and  second  pieces  are  connected,  after  which 
it  again  widens  a  little,  and  is  pointed  at  its  extremity.  Its  average  length  in  the 
adult  is  six  inches,  being  rather  longer  in  the  male  than  in  the  female. 

The  First  Piece  of  the  sternum,  or  Manubrium  ( pre-stemum),  is  of  a  somewhat 
triangular  form,  broad  and  thick  above,  narrow  below  at  its  junction  with  the 
middle  piece.  Its  anterior  surface,  convex  from  side  to  side,  concave  from  above 
downward,  is  smooth,  and  affords  attachment  on  each  side  to  the  Pectoralis  major 
and  sternal  origin  of  the  Sterno-cleido-mastoid  muscle.  In  well-marked  bones  the 
ridges  limiting  the  attachment  of  these  muscles  are  very  distinct.  Its  posterior 
surface^  concave  and  smooth,  aflFords  attachment  on  each  side  to  the  Sterno-hyoid 
and  Stemo-thyroid  muscles.  The  superior  border,  the  thickest,  presents  at  its 
centre  the  pre-stemal  notch  ;  and  on  each  side  an  oval  articular  surface,  directed 
upward,  backward,  and  outward,  for  articulation  with  the  sternal  end  of  the 
clavicle.  The  inferior  border  presents  an  oval,  rough  surface,  covered  in  the  recent 
state  with  a  thin  layer  of  cartilage,  for  articulation  with  the  second  portion  of  the 
bone.  The  lateral  borders  are  marked  above  by  a  depression  for  the  first  costal 
cartilage,  and  below  by  a  small  facet,  which  with  a  similar  facet  on  the  upper 
angle  of  the  middle  portion  of  the  bone,  forms  a  notch  for  the  reception  of  the 
costal  cartilage  of  the  second  rib.  These  articular  surfaces  are  separated  by  a 
narrow,  curved  edge,  which  slopes  from  above  downward  and  inward. 

The  Second  Piece  of  the  sternum,  or  Gladiolus  (mesO'Stemum),  considerably 
longer,  narrower,  and  thinner  than  the  first  piece,  is  broader  below  than  above. 
Its  anterior  surface  is  nearly  flat,  directed  upward  and  forward,  and  marked  by 
three  transverse  lines  which  cross  the  bone  opposite  the  third,  fourth,  and  fifth 
articular  depressions.  These  lines  are  produced  by  the  union  of  the  four  separate 
pieces  of  which  this  part  of  the  bone  consists  at  an  early  period  of  life.  At  the 
junction  of  the  third  and  fourth  pieces  is  occasionally  seen  an  orifice,  the  sternal 
foramen;  it  varies  in  size  and  form  in  different  individuals,  and  pierces  the  bone 
from  before  backward.  This  surface  affords  attachment  on  each  side  to  the 
sternal  origin  of  the  Pectoralis  major.  The  posterior  surface,  slightly  concave,  is 
also  marked  by  three  transverse  lines,  but  they  are  less  distinct  than  those  in 
front :  this  surface  affords  attachment  below,  on  each  side,  to  the  Triangularis 
gtemi  muscle,  and  occasionally  presents  the  posterictr  opening  of  the  sternal 
foramen.  The  superior  border  presents  an  oval  surface  for  articulation  with  the 
manubrium.  The  inferior  border  is  narrow,  and  articulates  with  the  ensiform 
appendix.  Each  lateral  border  presents,  at  each  superior  angle,  a  small  facet, 
vhich,  with  a  similar  facet  on  the  manubrium,  forms  a  cavity  for  the  cartilage  of 
the  second  rib ;  the  four  succeeding  angular  depressions  receive  the  cartilages  of 
the  third,  fourth,  fifth,  and  sixth  ribs ;  whilst  each  inferior  angle  presents  a  small 
facets  which,  with  a  corresponding  one  on  the  ensiform  appendix,  foniis  a  notch 
for  the  cartilage  of  the  seventh  rib.  These  articular  depressions  are  separated  by 
a  series  of  curved  interarticular  intervals,  which  diminish  in  length  from  above 
downward,  and  correspond  to  the  intercostal  spaces.  Most  of  the  cartilages 
belonging  to  the  true  ribs,  as  will  be  seen  from  the  foregoing  description,  articulate 
with  the  sternum  at  the  line  of  junction  of  two  of  its  primitive  component  seg- 
ments. This  is  well  seen  in  many  of  the  lower  animals,  where  the  separate  parts 
of  the  bone  remain  ununited  longer  than  in  man.  In  this  respect  a  striking 
analogy  exists  between  the  mode  of  connection  of  the  ribs  with  the  vertebral 
column  and  the  connection  of  their  cartilages  with  the  sternal  column. 

The  Third  Piece  of  the  sternum,  the  Ensiform  or  Xiphoid  Appendix  (meta- 
sternum),  is  the  smallest  of  the  three ;  it  is  thin  and  elongated  in  form,  cartilagi- 
nous in  structure  in  youth,  but  more  or  less  ossified  at  its  upper  part  in  the  adult. 
Its  anterior  surface  affords  attachment  to  the  chondro-xiphoid  ligament;  its 
posterior  surface,  to  some  of  the  fibres  of  the  Diaphragm  and  Triangularis  sterni 
muscles ;  its  lateral  borders,  to  the  aponeurosis  of  the  abdominal  muscles.  Above 
it  articulates  with  the  lower  end  of  the  gladiolus,  and  at  each  superior  angle 
presents  a  facet  for  the  lower  half  of  the  cartilage  of  the  seventh  rib ;  below,  by 
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its  pointed  extremity  it  gives  attachment  to  the  linea  alba.  This  portion  of  the 
sternum  is  very  various  in  appearance,  being  sometimes  pointed,  broad,  and  thin, 
sometimes  bifid  or  perforated  by  a  rounil  hole,  occasionally  curved  or  deflected 
considerably  to  one  or  the  other  side, 

Strnctnre. — The  bone  is  composed  of  delicate  cancellous  structure,  covered  by 
a  thin  layer  of  compact  tissue,  which  is  thickest  in  the  manubrium  between  the 
articular  facets  for  the  clavicles. 

Development. — The  sternum.  Including  the  ensiform  appendix,  is  developed  by 
fix  centres :  one  for  the  first  piece  or  manubrium,  four  for  the  second  piece  or 
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pladiolus,  and  one  for  the  ensiform  appendix.     Up  to  the  middle  of  fcetal  life  the 
sternum  is  entirely  cartilaginous,  and  when  ossification   takes  place  the  ossific 
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gnnules  are  deposited  in  the  middle  of  the  intervals  between  the  articular  depres- 
sions for  the  costal  cartilages,  in  the  following  order  {Fig.  181):  In  the  first 
piece,  between  the  fifth  and  sixth  months ;  in  the  second  and  third,  between  the 
sixth  and  seventh  months;  in  the  fourth  piece,  at  the  ninth  month;  in  the  fifth, 
liihin  the  first  year  or  between  the  first  and  second  years  after  birth ;  and  in  the 
etL^iform  appendix,  between  thesecondandtheseventeenth  or  eighteenth  years,  by  a 
"ingle  centre  which  makes  its  appearance  at  the  upper  part  and  proceeds  gradually 
downward.  To  these  may  be  added  the  occasional  existence,  as  described  by 
BreMhet.  of  two  small  episternal  centres,  which  make  their  appearance  one  on  each 
fide  of  the  interclavicular  notch.  They  are  probably  vestiges  of  the  episternal  bone 
of  the  tnonotremata  and  lizards.  It  occasionally  happens  that  some  of  the  segments 
»rt  formed  from  more  than  one  centre,  the  number  and  position  of  which  vary 
(Fig.  183).     Thus,  the  first  piece  may  have  two,  three,  or  even  six  centres.     When 
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1\aitro^iy.  two  are  present,  they  are  generally  situated  one 

above  the  other,  the  upper  one  being  the  larger :' 
the  second  piece  has  seldom  more  than  one;  the 
third,  fourth,  and  tnfth  pieces  are  often  formed 
from  two  centres  placed  laterally,  the  irregular 
union  of  which  will  serve  to  explain  the  occasional 
occurrence  of  the  sternal  foramen  (Fig.  184),  or 
■  of  the  vertical  fissure  which  occasionally  intersects 
this  part  of  the  bone,  and  which  is  further  ex- 
plained by  the  manner  in  which  the  cartilaginous 
matrix,  in  which  ossification  takes  place,  is  fonned 
(see  jiage  117).  Union  of  the  various  centres  of  the 
gladiolus  commences  about  puberty,  from  below, 
and  proceeds  upward,  so  that  by  the  age  of  twenty- 
five  they  are  all  united,  and  this  portion  of  bone 
consists  of  one  piece  (Fig.  182).  The  ensiform  car- 
tilage becomes  joined  to  the  gladiolus  about  forty. 
The  manubrium  is  occasionally,  but  not  invariably, 
joined  to  the  gladiolus  in  advanced  life  by  bone. 
When  this  union  lakes  place,  however,  it  is  gen- 
rally  only  superficial,  a  portion  of  the  centre  of  the 
Butural  cartilage  remaining  unossified. 

Articnlations. — With  me  clavicles  and  seven 
costal  cartilages  on  each  side. 

Attachment  of  Uuficles. — To  nine  pairs  and 
one  single  muscle:  the  Pectoralis  major,  Sterno- 
cleido-mastoid,  Sterno-hyoid,  Sterno-thyroid,  Tri- 
angularis sterni,  aponeuroses  of  the  Obliquus  ex- 
ternus,  Obliqnus  internus,  Transversal  is.  Rectus 
muscles,  and  Diaphragm. 

The  Ribs. 

The  Ribs  are  elastic  arches  of  bone,  which 
form  the  chief  part  of  the  thoracic  walls.  They 
are  twelve  in  number  on  each  side ;  but  this 
number  may  be  increased  by  the  development 
of  a  cervical  or  lumbar  rib,  or  may  be  dimin- 
ished to  eleven.  The  first  seven  are  connected 
behind  with  the  spine  and  in  front  with  the 
Sternum,  through  the  intervention  of  the  costal 
cartilages;  they  are  called  true  ribs.  The 
remaining  five  a.re  fahe  ribs;  of  these,  the  first 
three  have  their  cartilages  attached  to  the 
cartilage  of  the  rib  above:  the  last  two  are 
free  at  their  anterior  extremities;  they  are 
tenned  floating  ribs.  The  ribs  vary  in  their 
direction,  the  upper  ones  being  less  oblit^ue 
than  those  lower  down  and  occupying  the  middle 
of  the  series.  The  extent  of  obliquity  reaches  its 
maximum  at  the  ninth  rib,  and  gradually  de- 
,  creases  from  that  rib  to  the  twelfth.  The  ribs  are 
situated  one  below  the  other  in  such  a  manner 
that  spaces  arc  left  between  them,  which  are  called 
Fre.  iR.'.,-A  central  rib  of  right  side.  inUrcoftnl  spucea.  The  length  of  these  spaces 
iDDer  surfiice.  Corresponds    to    the    length   of    the   ribs ;    their 

breadth  is  more  considerable  in  front  than  behind,  and  between   the  upper  than 
'  Sir  George  Humphry  stales  that  this  is  "  probably  the  more  complete  condition." 
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between  the  lower  ribs.  The  ribs  increase  in  length  from  the  first  to  the  seventh, 
when  they  again  diminish  to  the  twelfth.  In  breadth  they  decrease  from  above 
downward;  in  the  upper  ten  the  greatest  breadth  is  at  the  sternal  extremity. 

Common  Oharactera  of  the  Bibs  (Fig.  185). — A  rib  from  the  middle  of  the 
series  should  be  taken  in  order  to  study  the  common  characters  of  the  ribs. 

Each  rib  presents  two  extremities,  a  posterior  or  vertebral,  an  anterior  or  ster- 
nal, and  an  intervening  portion — the  body  or  shaft. 

The  posterior  or  vertebral  extremity  presents  for  examination  a  head,  neck, 
and  tuberosity.  The  head  (Fig.  186)  is  marked  by  a  kidney-shaped  articular  sur- 
face, divided  by  a  horizontal  ridge  into  two  facets  for  articulation  with  the  costal 
cavity  formed  by  the  junction  of  the  bodies  of  two  contiguous  dorsal  vertebraB ; 
the  upper  facet  is  small,  the  inferior  one  of  larger  size ;  the  ridge  separating  them 
serves  for  the  attachment  of  the  interarticular  ligament.  The  neck  is  that  flat- 
tened portion  of  the  rib  which  extends  outward  from  the  head ;  it  is  about  an 
inch  long,  and  is  placed  in  front  of  the  transverse  process  of  the  lower  of  the  two 
vertebrae  with  which  the  head  articulates.  Its  anterior  surface  is  flat  and  smooth, 
its  posterior  rough  for  the  attachment  of  the  middle  costo-transverse  ligament, 
and  perforated  by  numerous  foramina,  the  direction  of  which  is  less  constant  than 
those  found  on  the  inner  surface  of  the  shaft.  Of  its  two  borders  the  superior 
presents  a  rough  crest  for  the  attachment  of  the  anterior  costo-transverse  ligament ; 
its  inferior  border  is  rounded.     On  the  posterior  surface  of  the  neck,  just  where  it 
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Fig.  186.— Vertebral  extremity  of  a  rib.    External  surface. 

joins  the  shaft,  and  nearer  the  lower  than  the  upper  border,  is  an  eminence — the 
tuberosity,  or  tubercle;  it  consists  of  an  articular  and  a  non-articular  portion. 
The  articular  portion^  the  more  internal  and  inferior  of  the  two,  presents  a  small, 
oval  surface  for  articulation  with  the  extremity  of  the  transverse  process  of  the 
lower  of  the  two  vertebrae  to  which  the  head  is  connected.  The  non-articular 
portion  is  a  rough  elevation,  which  affords  attachment  to  the  posterior  costo- 
transverse ligament.  The  tubercle  is  much  more  prominent  in  the  upper  than  in 
the  lower  ribs. 

The  shaft  is  thin  and  flat,  so  as  to  present  two  surfaces,  an  external  and  an 
internal,  and  two  borders,  a  superior  and  an  inferior.  The  external  surface  is 
convex,  smooth  and  marked  at  its  back  part,  a  little  in  front  of  the  tuberosity,  by 
a  prominent  line,  directed  obliquely  from  above  downward  and  outward;  this 
gives  attachment  to  a  tendon  of  the  Ilio-costalis  muscle  or  of  one  of  its  accessory 
portions,  and  is  called  the  angle.  At  this  point  the  rib  is  bent  in  two  directions. 
If  the  rib  is  laid  upon  its  lower  border,  it  will  be  seen  that  the  portion  of  the  shaft 
in  front  of  the  angle  rests  upon  this  border,  while  the  portion  of  the  shaft  behind 
the  angle  is  bent  inward  and  at  the  same  time  tilted  upward.  The  interval 
between  the  angle  and  the  tuberosity  increases  gradually  from  the  second  to  the 
tenth  rib.  The  portion  of  bone  between  these  two  parts  is  rounded,  rough,  and 
irregular,  and  serves  for  the  attachment  of  the  Longissimus  dorsi  muscle.  The 
portion  of  bone  between  the  tubercle  and  sternal  extremity  is  also  slightly  twisted 
npon  its  own  axis,  the  external  surface  looking  downward  behind  the  angle,  a  little 
upward  in  front  of  it.  This  surface  presents,  toward  its  sternal  extremity,  an 
oblique  line,  the  anterior  angle.  The  internal  surface  is  concave,  smooth,  directed 
a  little  upward  behind  the  angle,  a  little  downward  in  front  of  it.  This  surface 
is  marked  by  a  ridge  which  commences  at  the  lower  extremity  of  the  head ;  it  is 
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strongly  marked  as  far  as  the  inner  side  of  the  angle,  and  gradually  becomes  lost 
at  the  junction  of  the  anterior  with  the  middle  third  of  the  bone.  The  interval 
between  it  and  the  inferior  border  is  deeply  grooved,  to  lodge  the  intercostal 
vessels  and  nerve.  At  the  back  part  of  the  bone  this  groove  belongs  to  the 
inferior  border,  but  just  in  front  of  the  angle,  where  it  is  deepest  and  broadest,  it 
corresponds  to  the  internal  surface.  The  superior  edge  of  the  groove  is  rounded ;  it 
serves  for  the  attachment  of  the  Internal  intercostal  muscle.  The  inferior  edge 
corresponds  to  the  lower  margin  of  the  rib  and  gives  attachment  to  the  External 
intercostal.  Within  the  groove  are  seen  the  orifices  of  numerous  small  foramina 
which  traverse  the  wall  of  the  shaft  obliquely  from  before  backward.  The 
superior  border^  thick  and  rounded,  is  marked  by  an  external  and  an  internal  lip, 
more  distinct  behind  than  in  front ;  they  serve  for  the  attachment  of  the  External 
and  Internal  intercostal  muscles.  The  inferior  border^  thin  and  sharp,  has  attached 
to  it  the  External  intercostal  muscle.  The  anterior  or  sternal  extremity  is  flat- 
tened, and  presents  a  porous,  oval,  concave  depression,  into  which  the  costal 
cartilage  is  received. 

Peculiar  Ribs. 

The  ribs  which  require  especial  consideration  are  five  in  number — viz.  the  first, 
second,  tenth,  eleventh  and  twelfth. 

The  first  rib  (Fig.  187)  is  one  of  the  shortest  and  the  most  curved  of  all  the  ribs ; 
it  is  broad  and  flat,  its  surfaces  looking  upward  and  downward,  and  its  borders 
inward  and  outward.  The  head  is  of  small  size,  rounded,  and  presents  only  a 
single  articular  facet  for  articulation  with  the  bodv  of  the  first  dorsal  vertebra. 
The  neck  is  narrow  and  rounded.  The  Uiberosity^  thick  and  prominent,  rests  on 
the  outer  border.  There  is  no  angle,  but  in  this  situation  the  rib  is  slightly  bent, 
with  the  convexity  of  the  bend  upward,  so  that  the  head  of  the  bone  is  directed 
downward.  The  upper  surface  of  the  shaft  is  marked  by  two  shallow  depressions, 
separated  from  one  another  by  a  small  rough  surface  for  the  attachment  of  the 
Scalenus  anticus  muscle — the  groove  in  front  of  it  transmitting  the  subclavian 
vein,  that  behind  it  the  subclavian  artery.  Between  the  groove  for  the  subclavian 
artery  and  the  tuberosity  is  a  rough  surface,  for  the  attachment  of  the  Scalenus 
medius  muscle.  The  under  surface  is  smooth,  and  destitute  of  the  groove  observed 
on  the  other  ribs.  The  outer  border  is  convex,  thick,  and  rounded,  and  at  its 
posterior  part  gives  attachment  to  the  first  serration  of  the  Serratus  magnus;  the 
inner  is  concave,  thin,  and  sharp,  and  marked  about  its  centre  by  the  commence- 
ment of  the  rough  surface  for  the  Scalenus  anticus.  The  anterior  extremity  is 
larger  and  thicker  than  any  of  the  other  ribs. 

The  second  rib  (Fig.  188)  is  much  longer  than  the  first,  but  bears  a  very  con- 
siderable resemblance  to  it  in  the  direction  of  its  curvature.  The  non-articular 
portion  of  the  tuberosity  is  occasionally  only  slightly  marked.  The  angle  is  slight 
and  situated  close  to  the  tuberosity,  and  the  shaft  is  not  twisted,  so  that  both  ends 
touch  any  plane  surface  upon  which  it  may  be  laid ;  but  there  is  a  similar  though 
slighter  bend,  with  its  convexity  upward,  to  that  found  in  the  first  rib.  The  shaft 
is  not  horizontal,  like  that  of  the  first  rib,  its  outer  surface^  which  is  convex,  look- 
ing upward  and  a  little  outward.  It  presents,  near  the  middle,  a  rough  eminence 
for  the  attachment  of  the  second  and  third  digitations  of  the  Serratus  magnus; 
behind  and  above  which  is  attached  the  Scalenus  posticus.  The  inner  surface^ 
smooth  and  concave,  is  directed  dow^nw^ard  and  a  little  inward ;  it  presents  a  short 
groove  toward  its  posterior  part. 

The  tenth  rib  (Fig.  189)  has  only  a  single  articular  facet  on  its  head. 

The  eleventh  and  twelfth  ribs  (Figs.  190  and  191)  have  each  a  single  articular 
facet  on  the  head,  which  is  of  rather  large  size ;  they  have  no  neck  or  tuberosity, 
and  are  pointed  at  the  extremity.  The  eleventh  has  a  slight  angle  and  a  shallow 
groove  on  the  lower  border.  The  twelfth  has  neither,  and  is  much  shorter  than 
the  eleventh,  and  the  head  has  a  slight  inclination  downward. 

Structure. — The  ribs  consist  of  cancellous  tissue  enclosed  in  a  thin,  compact  layer. 
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Development. — Each  rib,  with  the  exception  of  the  last  two,  is  developed  by 
three  centres  :  one  for  the  shaft,  one  for  the  head,  and  one  for  the  tubercle.  The 
last  two  have  only  two  centres,  that  for  the  tubercle  being  wanting.  Ossification 
commences  in  the  shaft  of  the  ribs  at  a  very  earlv  period,  before  its  appearance  in 
the  veriebriK,  The  epiphysis  of  the  head,  which  is  of  slightly  angular  shape,  and 
that  for  the  tubercle,  of  a  lenticular  form,  make  their  appearance  between  the  six- 
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191.— Peculiar  rite. 


leenth  and  twentieth  years,  and  are  not  united  to  the  rest  .of  the  bone  until  about 
ibe  twenty-fifth  year. 

Attachment  of  Unscles. — To  nineteen  :  the  Internal  and  E.xteraal  intercostals, 
•■•calenus  anticus,  Scalenus  medius.  Scalenus  posticus,  Pectoralis  minor,  8erratua 
magniis,  Obli<|uus  extemus,  Quadratus  lumbomm.  Diaphragm,  Latissimus  dorsi, 
t>erratQ3  posticus  superior,  SerratuB  posticus  inferior,  Ilio-costalis.  Musculus 
«ce»Boriu8  ad  ilio-costalem,  Longissimus  dorsi,  Cervicalis  ascendens,  Levatores 
»)!itarum,  and  In fracos tales. 
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The  Costal  Cartilages. 

The  OoBtal  Cartilages  (Fig.  179,  p.  232)  are  white,  elastic  structures,  which  serve 
to  prolong  the  ribs  forward  to  the  front  of  the  chest,  and  contribute  very  materially 
to  the  elasticity  of  its  walls.  The  first  seven  are  connected  with  the  sternum,  the 
next  three  with  the  lower  border  of  the  cartilage  of  the  preceding  rib.  The  car- 
tilages of  the  last  two  ribs,  which  have  pointed  extremities,  float  freely  in  the 
walls  of  the  abdomen.  Like  the  ribs,  the  costal  cartilages  vary  in  their  length, 
breadth,  and  direction.  They  increase  in  length  from  the  first  to  the  seventh,  then 
gradually  diminish  to  the  last.  They  diminish  in  breadth,  as  well  as  the  intervals 
between  them,  from  the  first  to  the  last.  They  are  broad  at  their  attachment  to 
the  ribs,  and  taper  toward  their  sternal  extremities,  excepting  the  first  two,  which 
are  of  the  same  breadth  throughout,  and  the  sixth,  seventh  and  eighth,  which  are 
enlarged  where  their  margins  are  in  contact.  In  direction  they  also  vary :  the  first 
descends  a  little,  the  second  is  horizontal,  the  third  ascends  slightly,  whilst  all  the 
rest  follow  the  course  of  the  ribs  for  a  short  extent,  and  then  ascend  to  the  sternum 
or  preceding  cartilage.  Each  costal  cartilage  presents  two  surfaces,  two  borders, 
and  two  extremities.  The  anterior  surface  is  convex,  and  looks  forward  and 
upward :  that  of  the  first  gives  attachment  to  the  costo-clavicular  ligament  and  the 
Subclavius  muscle  ;  that  of  the  second,  third,  fourth,  fifth,  and  sixth,  at  their  sternal 
ends,  to  the  Pectoralis  major.^  The  others  are  covered  by,  and  give  partial  attach- 
ment to,  some  of  the  great  flat  muscles  of  the  abdomen.  The  posterior  surface 
is  concave,  and  directed  backward  and  downward,  the  first  giving  attachment  to 
the  Sterno-thyroid,  and  the  six  or  seven  inferior  ones  affording  attachment  to  the 
Transversalis  muscle  and  the  Diaphragm.  Of  the  two  borders,  the  superior  is 
concave,  the  inferior  convex :  they  afford  attachment  to  the  Intercostal  muscles, 
the  upper  border  of  the  sixth  giving  attachment  to  the  Pectoralis  major  muscle. 
The  contiguous  borders  of  the  sixth,  seventh,  and  eighth,  and  sometimes  the  ninth 
and  tenth,  costal  cartilages  present  small,  smooth,  oblong-shaped  facets  at  the 
points  where  they  articulate.  Of  the  two  extremities,  the  outer  one  is  continuous 
with  the  osseous  tissue  of  the  rib  to  which  it  belongs.  The  inner  extremity  of  the 
first  is  continuous  with  the  sternum ;  the  six  succeeding  ones  have  rounded 
extremities,  which  are  received  into  shallow  concavities  on  the  lateral  margins  of 
the  sternum.  The  inner  extremities  of  the  eighth,  ninth,  and  tenth  costal  cartilages 
are  pointed,  and  are  connected  with  the  cartilage  above.  Those  of  the  eleventh  and 
twelfth  are  free  and  pointed. 

The  costal  cartilages  are  most  elastic  in  youth,  those  of  the  false  ribs  being 
more  so  than  the  true.  In  old  age  they  become  of  a  deep  yellow  color,  and  are 
prone  to  calcify. 

Attachment  of  Muscles. — To  nine:  the  Subclavius,  Sterno-thyroid,  Pectoralis 
major.  Internal  oblique,  Transversalis,  Rectus,  Diaphragm,  Triangularis  sterni,  and 
Internal  intercostals. 

Surface  Form. — The  bones  of  the  chest  are  to  a  very  considerable  extent  covered  by 
muscles,  so  that  in  the  stronffly -developed  muscular  subject  they  are  for  the  most  part  con- 
cealed. In  the  emaciated  subject,  on  the  other  hand,  the  ribs,  especially  in  the  lower  and 
lateral  region,  stand  out  as  prominent  ridges  with  the  sunken,  intercostal  spaces  between 
them. 

In  the  middle  line,  in  front,  the  superficial  surface  of  the  sternum  is  to  be  felt  throughout 
its  entire  length,  at  the  bottom  of  a  deep  median  furrow  situated  between  the  two  great  pectoral 
muscles  and  called  the  sternal  fiirrnw.  These  muscles  overlap  the  anterior  surface  somewhat,  so 
that  the  whole  of  the  sternum  in  its  entire  width  is  not  suljcutaneous ;  and  this  overlapping  is 
greater  opposite  the  centre  of  the  bone  than  above  and  below,  so  that  the  furrow  is  wider  at  its 
upper  and  lower  parts,  but  narrower  in  the  middle.  The  centre  of  the  upper  border  of  the  ster- 
num is  visible,  constituting  the  pre-sternal  notch,  but  the  lateral  parts  of  this  border  are  obscured 
by  the  tendint)us  origins  of  the  Sterno-mastoid  muscles,  which  present  themselves  as  oblic^ue 
tendinous  cords,  which  narrow  and  deepen  the  notch.  Jjower  down  on  the  subcutaneous  surface 
a  well-defined  transverse  ridge  is  always  to  be  felt  This  denotes  the  line  of  junction  of  the 
manubrium  and  body  of  the  bone,  and  is  a  useful  guide  to  the  second  costal  cartilage,  and  thus 
to  the  identity  of  any  given  rib.     The  second  rib  being  found  through  its  costal  cartilage, 

^  The  first  and  seventh  also,  occafiionally,give  origin  to  the  same  muscle. 
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it  is  ea^*  to  count  downward  and  find  any  other.  Below  this  point  the  furrow  spreads  out, 
and,  exposing  more  of  the  surface  of  the  body  of  the  sternum,  terminates  below  in  a  sudden 
depression,  the  xufrastemcd  depression  or  pit  of  the  stomach  {scrobiculus  cordis)^  which  corre- 
sponds to  the  ensiform  cartilage.  This  depression  lies  between  the  cartilages  of  the  seventh  rib, 
and  in  it  the  ensiform  cartilage  may  be  ielt.  The  sternum  in  its  vertical  diameter  presents  a 
general  convexity  forward,  the  most  prominent  point  of  which  is  at  the  joint  between  the  manu- 
Brium  and  gladiolus. 

On  each  side  of  the  sternum  the  costal  cartilages  and  ribs  on  the  front  of  the  chest  are  par- 
tially obscured  by  the  great  pectoral  muscle ;  through  which,  however,  they  are  to  be  felt  as 
ridges,  with  depressed  intervals  between  them,  corresponding  to  the  intercostal  spaces.  Of  these 
spac^  the  one  between  the  second  and  third  ribs  is  the  widest,  the  next  two  somewhat  nar- 
rower, and  the  remainder,  with  the  exception  of  the  last  two,  comparatively  narrow. 

The  lower  border  of  the  Pectoralis  major  muscle  corresponds  to  the  fifth  rib,  and  below 
thi^  on  the  front  of  the  chest,  the  broad,  fiat  outline  of  the  ribs,  as  th^  begin  to  ascend, 
aod  the  more  rounded  outline  of  the  costal  cartilages,  are  often  visible.  The  lower  boundary 
of  the  front  of  the  thorax,  the  abdoniitio-thoracic  arch,  which  is  most  plainl}^  seen  by 
arching  the  body  backward,  is  formed  by  the  ensiform  cartilage  and  the  cartilages  of  the 
seventh,  eighth,  ninth,  and  tenth  ribs,  and  the  extremities  of  the  eleventh  and  twelilh  ribs  or 
their  cartilages. 

On  each  side  of  the  chest,  from  the  axilla  downward,  the  flattened  external  surfaces  of  the 
ribs  may  be  defined  in  the  form  of  oblique  ridges,  separated  by  depressions  corresponding  to  the 
intercostal  spaces.  They  are,  however,  covered  by  muscles,  which  obscure  their  outline  to  a 
certain  extent  in  the  strongly  developed.  Nevertheless,  the  ribs,  with  the  exception  of  the  first, 
can  generally  be  followed  over  the  front  and  sides  of  the  chest  without  difficulty.  The  first  rib, 
being  almost  completely  covered  by  the  clavicle  and  scapula,  can  only  be  distinguished  in  a  small 
portion  of  its  extent  At  the  back  the  angles  of  the  ribs  form  a  slightly-marked  oblique  line  on 
each  side  of  and  some  distance  from  the  vertebral  spines.  This  line  diverges  somewhat  as  it 
descends,  and  external  to  it  is  a  broad,  convex  surface  caused  by  the  projection  of  the  ribs 
beyond  their  angles.  Over  this  surface,  except  where  covered  by  the  scapula,  the  individual 
ribs  can  be  distinguished. 

Surgical  Anatomy. — Malformations  of  the  sternum  present  nothing  of  surgical  importance 
beyond  the  fact  that  abscesses  of  the  mediastinum  may  sometimes  escape  through  the  sternal 
fi^ramen.  Fractures  of  the  sternum  are  by  no  means  common,  owinj:,  no  doubt,  to  the  elasticity 
of  the  ribs  and  their  cartilages,  which  support  it  like  so  manv  sprmgs.  It  is  frequently  asso- 
ciated with  fracture  of  the  spine,  and  may  be  caused  by  forcibly  bendmg  the  body  either  back- 
ward or  forward  until  the  chin  becomes  impacted  against  the  top  of  the  sternum.  It  may  also 
be  fractured  by  direct  violence  or  by  muscular  action.  The  fi^cture  usually  occurs  in  the  upper 
half  of  the  body  of  the  bone.  Dislocation  of  the  gladiolus  from  the  manubrium  also  takes  place, 
and  13  sometimes  described  as  a  fracture. 

The  bone,  being  subcutaneous,  is  frequently  the  seat  of  gummatous  tumors,  and  not  uncom- 
monly is  affected  with  caries.  Occasionally  the  bone,  and  especially  its  ensiform  appendix,  becomes 
altered  in  shape  and  driven  inward  by  the  pressure,  in  workmen,  of  tools  against  their  chest. 

The  ribs  are  frequently  broken,  though  from  their  connections  and  shape  they  are  able  to 
withstand  great  force,  yielding  under  the  iniury  and  recovering  themselves  like  a  spring.  The 
middle  of  the  aeries  are  the  ones  most  liable  to  fracture.  The  first,  and  to  a  less  extent  the 
second,  being  protected  by  the  clavicle,  are  rarely  fractured  ;  and  the  eleventh  and  twelfth,  on 
aoount  of  tneir  loose  and  floating  condition,  enjoy  a  like  immunity.  The  fracture  generally 
occurs  from  indirect  violence,  from  forcible  compression  of  the  chest-wall,  and  the  bone  then 
pve8  way  at  its  weakest  part — i.  e.  just  in  front  ot  the  an^le.  But  the  ribs  may  also  be  broken 
ty  direct  violence,  when  the  bone  gives  way  and  is  driven  inward  at  the  point  struck,  or  by  mus- 
clar action.^  It  seems  probable,  however,  that  in  these  latter  cases  the  bone  has  undergone 
Hjme  atrophic  changes.  Fracture  of  the  ribs  is  freouently  complicated  with  soine  iiyury  to  the 
ri^cera  contained  within  the  thorax  or  upper  part  of  Uie  abdominal  cavity,  and  this  is  most  likely 
U»  occur  in  fractures  from  direct  violence. 

Fracture  of  the  costal  cartilages  may  also  take  place,  though  it  is  a  comparatively  rare  iiyury. 

The  thorax  is  frequently  found  to  be  altered  in  shape  in  certain  diseases. 

The  rickety  thorax  is  caused  chiefly  by  atmospheric  pressure.  The  balance  between  the  air 
on  the  inside  of  the  chest  and  the  outside  during  some  sta^e  of  respiration  is  not  equal,  the  pre- 
ronderance  being  in  favor  of  the  air  outside ;  and  this,  acting  on  tne  softened  ribs,  causes  them 
to  be  forced  in  at  the  junction  of  the  cartilages  with  the  bones,  which  is  the  weakest  part.  In 
(Tjosieqaenee  of  this  the  sternum  projects  forward,  with  a  deep  depression  on  either  side  caused 
by  the  sinking  in  of  the  softened  ribs.  The  depression  is  less  on  the  left  side,  on  account  of 
the  ribs  being  supported  by  the  heart.  The  condition  is  known  as  *' pigeon-breast."  The 
w'werribs,  however,  are  not  involved  in  this  deformity,  as  they  are  prevented  from  falling  in  by 
tbe  presence  of  the  stomach,  liver,  and  spleen.  And  when  the  liver  and  spleen  are  enlarged, 
»« iney  sometimes  are  in  rickets,  the  lower  ribs  may  be  pushed  outward :  this  causes  a  trans- 
verse constriction  just  above  the  costal  arch.  The  anterior  extremities  of  the  ribs  are  usually 
tnlar^ed  in  rickets,  giving  rise  to  what  has  been  termed  the  *' rickety  rosary."  The  phthisiajl 
<Aflif  is  often  long  and  narrow,  flattened  from  before  backward,  and  with  great  obliquity  of  the 
nbg  and  projection  of  the  scapulae.  In  pulm/ynary  emphysema  the  chest  is  enlarged  in  all  its 
diameters,  and  presents  on  section  an  almost  circular  outline.     It  has  received  the  name  of  the 
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"  barrel-shaped  chest."  In  severe  cases  of  lateral  curvature  of  the  mine  the  thorax  becomes 
much  distorted.  In  consequence  of  the  rotation  of  the  bodies  of  the  vertebrae  which  takes 
place  in  this  disease  the  ribs  opposite  the  convexity  of  the  dorsal  curve  become  extremely  con- 
vex behind,  being  thrown  out  and  bulging,  and  at  the  same  time  flattened  in  front,  so  that  the 
two  ends  oi  the  same  rib  are  almost  parallel.  Coincident  with  this,  the  ribs  on  the  opposite 
side,  on  the  concavity  of  the  curve,  are  sunk  and  depressed  behind  and  bulging  and  convex  in 
front.     In  addition  to  this  the  ribs  become  occasionally  welded  together  by  bony  material. 

The  ribs  are  frequently  the  seat  of  necrosis  leading  to  abscesses  and  sinuses,  which  may 
burrow  to  a  considerable  extent  over  the  wall  of  the  chest.  The  only  special  anatomical  point 
in  connection  with  these  is  that  care  must  be  taken  in  dealing  with  them  that  the  intercostal 
space  is  not  punctured  and  the  pleural  cavity  opened  or  the  intercostal  vessels  wounded. 

In  cases  of  empyema  the  chest  requires  opening  to  evacuate  the  pus.  There  is  consider- 
able difference  of  opmion  as  to  the  best  position  to  do  this.  Probably  the  best  place  in  most 
cases  will  be  found  to  be  between  the  fiilh  and  sixth  ribs,  in  or  a  little  in  front  of  the  mid- 
axillaiy  line.  This  is  the  last  part  of  the  cavity  to  be  closed  by  the  expansion  of  the  lung ;  it 
is  not  thickly  covered  by  soft  parts ;  the  space  between  the  two  ribs  is  sufficiently  creat  to  allow 
of  the  introduction  of  a  fair-sized  drainage- tube,  and  the  opening  is  in  a  dependent  position, 
when  the  patient  is  confined  to  bed,  as  he  usually  inclines  towanl  the  affected  side,  so  as  to 
allow  the  sound  lung  the  freest  possible  play,  and  so  permits  of  efficient  drainage. 

OF   THE   EXTREMITIES. 

The  extremities,  or  limbs,  are  those  long,  jointed  appendages  of  the  body 
which  are  connected  to  the  trunk  by  one  end  and  free  in  the  rest  of  their  extent. 
They  are  four  in  number :  an  upper  or  thoracic  pair^  connected  with  the  thorax 
through  the  intervention  of  the  shoulder,  and  subservient  mainly  to  prehension ; 
and  a  lower  pair,  connected  with  the  pelvis,  intended  for  support  and  locomotion. 
Both  pairs  of  limbs  are  constructed  after  one  common  type,  so  that  they  present 
numerous  analogies,  while  at  the  same  time  certain  differences  are  observed  in  each, 
dependent  on  the  peculiar  offices  they  have  to  perform. 

The  bones  by  which  the  upper  and  lower  limbs  are  attached  to  the  trunk  are 
named  respectively  the  shoulder  and  pelvic  girdles,  and  they  are  constructed  on  the 
same  general  type,  though  presenting  certain  modifications  relating  to  the  different 
uses  to  which  the  upper  and  lower  limbs  are  respectively  applied.  The  shoulder 
girdle  is  formed  by  the  scapula  and  clavicle,  and  is  imperfect  in  front  and  behind. 
In  front,  however,  the  girdle  is  completed  by  the  upper  end  of  the  sternum,  with 
which  the  inner  extremities  of  the  clavicle  articulate.  Behind,  the  girdle  is  widely 
imperfect  and  the  scapula  is  connected  to  the  trunk  by  muscles  only.  The  pelvic 
girdle  is  formed  by  the  innominate  bones,  and  is  completed  in  front  through  the 
symphysis  pubis,  at  which  the  two  innominate  bones  articulate  with  each  other. 
It  is  imperfect  behind,  but  the  intervening  gap  is  filled  in  by  the  upper  part  of 
the  sacrum.  The  pelvic  girdle,  therefore,  presents,  with  the  sacrum,  a  complete 
ring,  comparatively  fixed,  and  presenting  an  arched  form  which  confers  upon  it  a 
solidity  manifestly  intended  for  the  support  of  the  trunk,  and  in  marked  contrast 
to  the  lightness  and  mobility  of  the  shoulder  girdle. 

With  regard  to  the  morphology  of  these  girdles,  the  blade  of  the  scapula  is 
generally  believed  to  correspond  to  the  ilium ;  but  with  regard  to  the  clavicles 
there  is  some  difference  of  opinion :  formerly  it  was  believed  that  they  corre- 
sponded to  the  ossa  pubis,  meeting  at  the  symphysis,  but  it  is  now  generally  taught 
that  the  clavicle  has  no  homologue  in  the  pelvic  girdle,  and  that  the  os  pubis  and 
ischium  are  represented  by  the  small  coracoid  process  in  man  and  most  mammals. 

THE  UPPER  EXTREMITY. 

The  bones  of  the  upper  extremity  consist  of  those  of  the  shoulder  girdle,  of 
the  arm,  the  forearm,  and  the  hand.  The  shoulder  girdle  consists  of  two  bones, 
the  clavicle  and  the  scapula. 

THE  SHOULDER. 

The  Clavicle. 

« 

The  Olavicle  (clavis,  a  key),  or  collar-bone,  forms  the  anterior  portion  of  the 
shoulder  girdle.     It  is  a  long  bone,  curved  somewhat  like  the  italic  letter  /,  and 
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placed  nearly  horizontally  at  the  upper  and  anterior  part  of  the  thorax,  immediately 
above  the  first  rib.  It  articulates  by  its  inner  extremity  with  the  upper  border  of 
the  sternum,  and  by  its  outer  extremity  with  the  acromion  process  of  the  scapula, 
serving  to  sustain  the  upper  extremity  in  the  various  positions  which  it  assumes, 
whilst  at  the  same  time  it  allows  of  great  latitude  of  motion  in  the  arm.^  It 
presents  a  double  curvature  when  looked  at  in  front,  the  convexity  being  forward 
at  the  sternal  end  and  the  concavity  at  the  scapular  end.  Its  outer  third  is  flat- 
tened from  above  downward,  and  extends,  in  the  natural  position  of  the  bone,  from 
a  point  opposite  the  coracoid  process  to  the  acromion.  Its  inner  two-thirds  are  of 
a  cylindrical  form,  and  extend  from  the  sternum  to  a  point  opposite  the  coracoid 
process  of  the  scapula. 

External  or  Flattened  Portion. — The  outer  third  is  flattened  from  above  down- 
ward, so  as  to  present  two  surfaces,  an  upper  and  a  lower ;  and  two  borders, 
an  anterior  and  a  posterior.  The  upper  surface  is  flattened,  rough,  marked  by 
impressions  for  the  attachment  of  the  Deltoid  in  front  and  the  Trapezius  behind ; 
between  these  two  impressions,  externally,  a  small  portion  of  the  bone  is  sub- 
cutaneous. The  under  surface  is  flattened.  At  its  posterior  border,  a  little 
external  to  the  point  where  the  prismatic  joins  with  the  flattened  portion,  is  a  rough 
eminence,  the  conoid  tuhercle  ;  this,  in  the  natural  position  of  the  bone,  surmounts 
the  coracoid  process  of  the  scapula  and  gives  attachment  to  the  conoid  ligament. 
From  this  tubercle  an  oblique  line,  occasionally  a  depression,  passes  forward  and 
outward  to  near  the  outer  end  of  the  anterior  border ;  it  is  called  the  oblique  line^ 
and  affords  attachment  to  the  trapezoid  ligament.  The  anterior  border  is  concave, 
thin,  and  rough,  and  gives  attachment  to  the  Deltoid ;  it  occasionally  presents,  at 
its  inner  end,  at  the  commencement  of  the  deltoid  impression,  a  tubercle,  the 
deltoid  tubercle^  which  is  sometimes  to  be  felt  in  the  living  subject.  The  posterior 
border  is  convex,  rough,  broader  than  the  anterior,  and  gives  attachment  to  the 
Trapezius. 

Internal  or  Cylindrical  Portion. — The  cylindrical  portion  forms  the  inner  two- 
thirds  of  the  bone.  It  is  curved  so  as  to  be  convex  in  front,  concave  behind,  and 
is  marked  by  three  borders,  separating  three  surfaces.  The  anterior  border  is 
continuous  with  the  anterior  margin  of  the  flat  portion.  At  its  commencement  it 
is  smooth,  and  corresponds  to  the  interval  between  the  attachment  of  the  Pectoralis 
major  and  Deltoid  muscles ;  at  the  inner  half  of  the  clavicle  it  forms  the  lower 
^>undary  of  an  elliptical  space  for  the  attachment  of  the  clavicular  portion  of  the 
Pectoralis  major,  and  approaches  the  posterior  border  of  the  bone.  The  superior 
b*jrder  is  continuous  with  the  posterior  margin  of  the  flat  portion,  and  separates 
the  anterior  from  the  posterior  surface.  At  its  commencement  it  is  smooth  and 
rounded,  becomes  rough  toward  the  inner  third  for  the  attachment  of  the  Sterno- 
mastoid  muscle,  and  terminates  at  the  upper  angle  of  the  sternal  extremity.  The 
jkfderior  or  subclavian  border  separates  the  posterior  from  the  inferior  surface,  and 
extends  from  the  conoid  tubercle  to  the  rhomboid  impression.  It  forms  the  pos- 
terior boundary  of  the  groove  for  the  Subclavius  muscle,  and  gives  attachment  to  a 
layer  of  cervical  fascia  covering  the  Omo-hyoid  muscle.  The  anterior  surface  is 
included  between  the  superior  and  anterior  borders.  It  is  directed  forward  and  a 
little  upward  at  the  sternal  end,  outward  and  still  more  upward  at  the  acromial 
extremity,  where  it  becomes  continuous  with  the  upper  surface  of  the  flat  portion. 
Externally,  it  is  smooth,  convex,  nearly  subcutaneous,  being  covered  only  by  the 
Platysma ;  but,  corresponding  to  the  inner  half  of  the  bone,  it  is  divided  by  a  more 
or  less  prominent  line  into  two  parts :  a  lower  portion,  elliptical  in  form,  rough, 
and  slightly  convex,  for  the  attachment  of  the  Pectoralis  major;  and  an  upper 
part,  which  is  rough,  for  the  attachment  of  the  Sterno-cleido-mastoid.     Between 

^  The  cUvicle  acts  especially  as  a  fulcmm  to  enable  the  muscles  to  give  lateral  motion  to  the  arm. 
H  is  accordingly  absent  in  those  animals  whose  fore  lirabs  are  used  only  for  progression,  but  is  present 
for  the  most  part  in  those  animals  whose  anterior  extremities  are  clawed  and  used  for  prehension, 
though  in  some  of  them — as,  for  instance,  in  a  large  number  of  the  camivora — it  is  merely  a  rudi- 
BKQtajy  bone  suspended  among  the  muscles,  and  not  articulating  either  with  the  scapula  or 
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the  two  muscular  impressions  ia  a  small  subcutaneous  interval.  The  posterior  or 
cervical  surface  is  smooth,  flat,  and  looks  backward  toward  the  root  of  the  neck. 
It  is  limited,  above,  by  the  superior  border;  below,  by  the  subclavian  border; 
internaliy,  by  the  margin  of  the  sternal  extremity;  externally,  it  is  continuous 
with  the  posterior  border  of  the  flat  portion.  It  is  concave  from  within  outward, 
and  is  in  relation,  by  its  lower  part,  with  the  suprascapular  vessels.  This  surface, 
at  about  the  junction  of  the  inner  and  outer  curves,  is  also  in  close  relation  with 
the  brachial  plexus  and  subclavian  vessels.  It  gives  attachment,  near  the  sternal 
extremity,  to  part  of  the  Sterno-hyoid  muscle ;  and  presents,  at  or  near  the  middle, 
a  foramen,  directed  obliquely  outward,  which  transmits  'he  chief  nutrient  artery 
of  the  bone.  Sometimes  there  are  two  foramina  on  the  posterior  surface,  or  one 
on  the  posterior,  the  other  on  the  inferior  surface.     The  inferior  or  subclavian 
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surface  is  bounded,  in  front,  by  the  anterior  border ;  behind,  by  the  subclavian 
border.     It  is  narrow  internally,  but  gradually  increases  in  width  externally,  and 


Fio.  193.— Left  ciRTlcle.   Interior  en 


is  continuous  with  the  under  surface  of  the  flat  portion.  Commencing  at  the 
sternal  extremity  may  be  seen  a  small  facet  for  articulation  with  the  cartilage  of 
the  first  rib.  This  is  continuous  with  the  articular  surface  at  the  sternal  end  of 
the  bone.  External  to  this  is  a  broad,  rough  impression,  the  rhomboid,  rather 
more  than  an  inch  in  length,  for  the  attachment  of  the  cos  to-clavicular  (rhomboid) 
ligament.  The  remaining  part  of  this  surface  is  occupied  by  a  longitudinal  groove, 
the  subclavian  groove,  broad  and.  smooth  externally,  narrow  and  more  uneven 
internally;  it  gives  attachment  to  the  Subclavius  muscle,  and  by  its  anterior 
margin  to  the  costo-coracoid  membrane.  Not  unfrequently  this  groove  is  sub- 
divided into  two  parts  by  a  longitudinal  line,  which  gives  attachment  to  the  inter- 
muscular septum  of  the  Subclavius  muscle. 

The  internal  or  sternal  extremity  of  the  clavicle  is  triangular  in  form,  directed 
inward  and  a  little  downward  and  forward;  and  presents  an  articular  facet, 
concave  from  before  backward,  convex  fi-om  above  downward,  which  articulates 
with  the  sternum  through  the  intervention  of  an  interarticular  fibro-cartilage ;  the 
circumference  of  the  articular  surface  is  rough,  for  the  attachment  of  numerous 
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li^ments.  The  posterior  border  of  this  surface  is  prolonged  backward,  so  as  to 
increase  the  size  of  the  articular  facet ;  the  upper  border  gives  attachment  to  the 
interarticular  fibro-cartilage,  and  the  lower  border  is  continuous  with  the  costal 
facet  on  the  inner  end  of  the  inferior  or  subclavian  surface,  which  articulates  with 
the  cartilage  of  the  first  rib. 

The  outer  or  acromial  extremity,  directed  outward  and  forward,  presents  a 
small,  flattened,  oval  facet,  which  looks  obliquely  downward,  for  articulation  with 
the  acromion  process  of  the  scapula.  The  circumference  of  the  articular  facet  is 
rough,  especially  above,  for  the  attachment  of  the  acromio-clavicular  ligaments. 

Peculiarities  of  the  Bone  in  the  Sexes  and  in  Individiuxh, — In  the  female  the 
clavicle  is  generally  shorter,  thinner,  less  curved,  and  smoother  than  in  the  male. 
In  those  persons  who  perform  considerable  manual  labor,  which  brings  into  con- 
stant action  the  muscles  connected  with  this  bone,  it  becomes  thicker  and  more 
curved,  its  ridges  for  muscular  attachment  become  prominently  marked,  and  its 
sternal  end  of  a  prismatic  fonn.  The  right  clavicle  is  generally  longer,  thicker, 
and  rougher  than  the  left. 

Stmctnre. — The  shaft,  as  well  as  the  extremities,  consists  of  cancellous  tissue, 
invested  in  a  compact  layer  much  thicker  in  the  middle  than  at  either  end.  The 
clavicle  is  highly  elastic,  by  reason  of  its  curves.  From  the  experiments  of  Mr. 
Ward  it  has  been  shown  that  it  possesses  sufficient  longitudinal  elastic  force  to 
project  its  own  weight  nearly  two  feet  on  a  level  surface  when  a  smart  blow  is 
struck  on  it ;  and  sufficient  transverse  elastic  force,  opposite  the  centre  of  its 
anterior  convexity,  to  throw  its  own  weight  about  a  foot.  This  extent  of  elastic 
power  must  serve  to  moderate  very  considerably  the  effect  of  concussions  received 
upon  the  point  of  the  shoulder. 

Development. — By  two  centres:  one  for  the  shaft  and  one  for  the  sternal 
extremity.  The  centre  for  the  shaft  appears  very  early,  before  any  other  bone — 
according  to  B^clard,  as  early  as  the  thirtieth  day.  The  centre  for  the  sternal  end 
makes  its  appearance  about  the  eighteenth  or  twentieth  year,  and  unites  with  the 
rest  of  the  bone  about  the  twenty -fifth  year. 

Articiilations. — ^With  the  sternum,  scapula,  and  cartilage  of  the  first  rib. 

Attachment  of  Muscles. — To  six :  the  Sterno-cleido-mastoid,  Trapezius,  Pecto- 
ralis  major,  Deltoid,  Subclavius,  and  Sterno-hyoid. 

Sni&ce  Form. — ^The  clavicle  can  be  felt  throughout  its  entire  length,  even  in  persons  who 
are  very  fat  Commencing  at  the  inner  end,  the  enlarged  sternal  extremity,  where  the  bone 
projects  above  the  upper  margin  of  the  sternum,  can  be  felt,  forming  with  the  sternum  and  the 
roaoded  tendon  of  the  Stemo-mastoid  a  V-shaped  notch,  tne  pre-sternal  notch.  Passing  out- 
ward, the  shaft  of  the  bone  can  be  felt  immediately  under  the  skin,  with  its  convexity  forward 
in  the  inner  two-thirds,  the  surface  partially  obscured  above  and  below  by  the  attachments  of 
the  Stemo-mastoid  and  Pectoralis  major  muscles.  In  the  outer  third  it  forms  a  gentle  curve 
backward,  and  terminates  at  the  outer  end  in  a  somewhat  enlarged  extremity  which  articulates 
with  the  acromial  process  of  the  scapula.  The  direction  of  the  clavicle  is  almost,  if  not  quite, 
horizontal  when  the  arm  is  lying  quietly  by  the  side,  though  in  well-developed  subjects  it  may 
incline  a  little  upward  at  its  outer  end.  Its  direction  is,  however,  very  changeable  with  the 
nrving  movements  of  the  shoulder-joint. 

Surgical  Anatomy. — ^The  clavicle  is  the  most  frequently  broken  of  any  single  bone  in  the 
body.  This  is  due  to  the  fact  that  it  is  much  exposed  to  violence,  and  is  the  only  bony  connec- 
tion between  the  upper  limb  and  the  trunk.  The  bone,  moreover,  is  slender,  and  is  very  super- 
ficial. The  bone  may  be  broken  by  direct  or  indirect  violence  or  by  muscular  action.  ITie  most 
common  cause  is,  however,  from  indirect  violence,  and  the  bone  then  gives  way  at  the  junction 
of  the  outer  with  the  inner  two-thirds  of  the  bone ;  that  is  to  say  at  the  i unction  of  the  two 
carves,  for  this  is  the  weakest  part  of  the  bone.  The  fracture  is  generally  oblique,  and  the  dis- 
{Jaeonent  of  the  fragments  is  inward,  away  from  the  surface  of  the  body ;  hence  compound  frac- 
ture of  the  davicle  is  of  rare  occurrence.  Beneath  the  bone  the  main  vessels  of  the  upper  limb 
^  the  great  nerve-coids  of  the  brachial  plexus  lie  on  the  first  rib,  and  are  liable  to  be  wounded 
in  ftactnre,  especially  in  fracture  fi^om  direct  violence,  when  the  force  of  the  blow  drives  the 
brokeo  &ads  inward.  Fortunately,  the  Subclavius  muscle  is  interposed  between  these  structures 
and  the  clavicle,  and  this  oiien  protects  them  from  injuiy. 

The  clavicle  is  not  uncommonly  the  seat  of  sarcomatous  tumors,  rendering  the  operation 
of  exciaon  of  the  entire  bone  necessai^\  This  is  an  operation  of  considerable  difficulty  and 
iuiecr.  It  is  best  performed  by  exposing  the  bone  freely,  disarticulating  at  the  acromial  end, 
ibd  taming  it  inward.    The  removsu  of  the  outer  part  is  comparatively  easy,  but  resection  or 
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the  inner  nort  is  franght  with  cUfficuIty,  the  main  danger  being  the  ride  of  vonnding  the  gre>t 
Teins  whion  are  in  relation  with  its  under  surface. 

The  Scapula. 
The  Scapnla  (axandvrj,  a  spade)  forms  the  back  part  of  the  shoulder  girdle.     It 
is  a  large,  flat  bone,  triangular  in  shape,  situated  at  the  posterior  aspect  and  aide  of 


Fia.  194.— Left  scapular  aaterlor  surbce,  or  TSDter. 

the  thorax,  between  the  second  and  seventh,  or  sometimes  the  eighth,  ribs,  its  poste- 
rior  border  or  base  being  about  an  inch  from,  and  nearly,  but  not  quite  parallel 
with  the  spinous  processes  of  the  vertebra;,  so  that  it  is  rather  closer  to  them 
above  than  below.  It  presents  for  examination  two  surfaces,  three  borders,  and 
three  angles. 

The  anterior  surface,  or  venter  (Fig,  194),  presents  a  broad  concavity,  the  «mS- 
scapular  foam.  It  is  marked,  in  the  posterior  two-thirds,  by  several  oblique 
ridges,  which  pass  from  behind  obliquely  outward  and  upward;  the  anterior  third 
is  smooth.  The  oblique  ridges  give  attachment  to  the  tendinous  intersections,  and 
the  surfaces  between  them  to  the  fleshy  fibres,  of  the  Subscapularis  muscle.     The 
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anterior  third  of  the  fossa,  which  is  smooth,  is  covered  by,  but  does  not  afford 
attachment  to,  the  fibres  of  this  muscle.  The  venter  is  separated  from  the 
posterior  border  by  a  smooth,  triangular  margin  at  the  superior  and  inferior 
angles,  and  in  the  interval  between  these  by  a  narrow  edge  which  is  often  deficient. 
This  marginal  surface  affords  attachment  throughout  its  entire  extent  to  the 
Serratus  magnus  muscle.  The  subscapular  fossa  presents  a  transverse  depression 
at  its  upper  part,  where  the  bone  appears  to  be  bent  on  itself,  forming  a  consider- 
able angle,  called  the  fnibscapular  angle,  thus  giving  greater  strength  to  the  body 
of  the  bone  from  its  arched  form,  while  the  summit  of  the  arch  serves  to  support 
the  spine  and  acromion  process.  It  is  in  this  situation  that  the  fossa  is  deepest, 
80  that  the  thickest  part  of  the  Subscapularis  muscle  lies  in  a  line  perpendicular 
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Fto.  195.— Left  scapula.    Posterior  surfiskce,  or  dorsum. 


to  the  plane  of  the  glenoid  cavity,  and  must  consequently  operate  most  effectively 
on  the  head  of  the  humerus,  which  is  contained  in  that  cavity. 

The  posterior  surface,  or  dorsum  (Fig.  195),  is  arched  from  above  downward, 
alternately  concave  and  convex  from  side  to  side.     It  is  subdivided  unequally  into 
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two  parts  by  the  spine :  the  portion  above  the  spine  is  called  the  supraspinouf 
fossa,  and  that  below  it  the  infraspinous  fossa. 

The  supraspinous  fossa,  the  smaller  of  the  two,  is  concave,  smooth,  and  broader 
at  the  vertebral  than  at  the  humeral  extremity.  It  affords  attachment  by  its  inner 
two-thirds  to  the  Supraspinatus  muscle. 

The  infraspinous  fossa  is  much  larger  than  the  preceding ;  toward  its  vertebral 
margin  a  shallow  concavity  is  seen  at  its  upper  part ;  its  centre  presents  a  promi- 
nent convexity,  whilst  toward  the  axillary  border  is  a  deep  groove  which  runs 
from  the  upper  toward  the  lower  part.  The  inner  two-thirds  of  this  surface 
affords  attachment  to  the  Infraspinatus  muscle ;  the  outer  third  is  only  covered  by 
it,  without  giving  origin  to  its  fibres.  This  surface  is  separated  from  the  axillary 
border  by  an  elevated  ridge,  which  runs  from  the  lower  part  of  the  glenoid  cavity 
downward  and  backward  to  the  posterior  border,  about  an  inch  above  the  inferior 
angle.  The  ridge  serves  for  the  attachment  of  a  strong  aponeurosis  which  sepa- 
rates the  Infraspinatus  from  the  two  Teres  muscles.  The  surface  of  bone  between 
this  line  and  the  axillary  border  is  narrow  in  the  upper  two-thirds  of  its  extent, 
and  traversed  near  its  centre  by  a  groove  for  the  passage  of  the  dorsalis  scapulae 
vessels;  it  affords  attachment  to  the  Teres  minor.  Its  lower  third  presents  a 
broader,  somewhat  triangular  surface,  which  gives  origin  to  the  Teres  major,  and 
over  which  the  Latissimus  dorsi  glides ;  sometimes  the  latter  muscle  takes  origin 
by  a  few  fibres  from  this  part.  The  broad  and  narrow  portions  of  bone  above 
alluded  to  are  separated  by  an  oblique  line  which  runs  from  the  axillary  border, 
downward  and  backward,  to  meet  the  elevated  ridge;  to  it  is  attached  the 
aponeurosis  separating  the  two  Teres  muscles  from  each  other. 

The  Spine  is  a  prominent  plate  of  bone  which  crosses  obliquely  the  inner 
four-fifths  of  the  dorsum  of  the  scapula  at  its  upper  part,  and  separates  the  supra- 
from  the  infraspinous  fossa :  it  commences  at  the  vertebral  border  by  a  smooth, 
triangular  surface,  over  which  the  Trapezius  glides,  separated  from  the  bone  by  a 
bursa,  and,  gradually  becoming  more  elevated  as  it  passes  forward,  terminates  in 
the  acromion  process,  which  overhangs  the  shoulder-joint.  The  spine  is  triangular 
and  flattened  from  above  downward,  its  apex  corresponding  to  the  posterior 
border,  its  base  (which  is  directed  outward)  to  the  neck  of  the  scapula.  It 
presents  two  surfaces  and  three  borders.  Its  superior  surface  is  concave,  assists 
in  forming  the  supraspinous  fossa,  and  affords  attachment  to  part  of  the  Supra- 
spinatus muscle.  Its  inferior  surface  forms  part  of  the  infraspinous  fossa,  gives 
origin  to  part  of  the  Infraspinatus  muscle,  and  presents  near  its  centre  the  orifice 
of  a  nutrient  canal.  Of  the  three  borders,  the  anterior  is  attached  to  the  dorsum 
of  the  bone ;  the  posterior,  or  crest  of  the  spine,  is  broad,  and  presents  two  lips 
and  an  intervening  rough  interval.  To  the  superior  lip  is  attached  the  Trapezius 
to  the  extent  shown  in  the  figure.  A  rough  tubercle  is  generally  seen  occupying 
that  portion  of  the  spine  which  receives  the  insertion  of  the  middle  and  inferior 
fibres  of  this  muscle.  To  the  inferior  lip,  throughout  its  whole  length,  is  attached 
the  Deltoid.  The  interval  between  the  lips  is  also  partly  covered  by  the  fibres  of 
these  muscles.  The  external  border,  or  base,  the  shortest  of  the  three,  is  slightly 
concave,  its  edge  thick  and  round,  continuous  above  with  the  under  surface  of  the 
acromion  process,  below  with  the  neck  of  the  scapula.  The  narrow  portion  of  bone 
external  to  this  border,  and  separating  it  from  the  glenoid  cavity,  is  called  the 
great  scapular  notch,  and  serves  to  connect  the  supra-  and  infraspinous  fossae. 

The  Acromion  Process,  so  called  from  forming  the  summit  of  the  shoulder 
(dxfwu,  a  summit ;  (L/ioz,  the  shoulder),  is  a  large  and  somewhat  triangular  process, 
flattened  from  behind  forward,  directed  at  first  a  little  outward,  and  then  curving 
forward  and  upward,  so  as  to  overhang  the  glenoid  cavity.  Its  upper  surface, 
directed  upward,  backward,  and  outward,  is  convex,  rough,  and  gives  attachment 
to  some  fibres  of  the  Deltoid,  and  in  the  rest  of  its  extent  it  is  subcutaneous.  Its 
under  surface  is  smooth  and  concave.  Its  outer  border  is  thick  and  irregular,  and 
presents  three  or  four  tubercles  for  the  tendinous  origins  of  the  Deltoid  muscle. 
Its  itmer  margin,  shorter  than  the  outer,  is  concave,  gives  attachment  to  a  portion 
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of  the  Trapezius  muscle,  and  presents  about  its  centre  a  small  oval  surface  for 
articulation  with  the  acromial  end  of  the  clavicle.  Its  apex^  which  corresponds 
to  the  point  of  meeting  of  these  two  borders  in  front,  is  thin,  and  has  attached  to 
it  the  coraco-acromial  ligament. 

Of  the  three  borders  or  costse  of  the  scapula,  the  superior  is  the  shortest  and 
thinnest ;  it  is  concave,  terminating  at  its  inner  extremity  at  the  superior  angle,  at 
its  outer  extremity  at  the  coracoid  process.  At  its  outer  part  is  a  deep,  semicircular 
notch,  the  suprascapular ^  formed  partly  by  the  base  of  the  coracoid  process.  This 
notch  is  converted  into  a  foramen  by  the  transverse  ligament,  and  serves  for  the 
passage  of  the  suprascapular  nerve.  The  adjacent  margin  of  the  superior  border 
affords  attachment  to  the  Omo-hyoid  muscle.  The  external^  or  axillary^  border  is 
the  thickest  of  the  three.  It  commences  above  at  the  lower  margin  of  the  glenoid 
cavity,  and  inclines  obliquely  downward  and  backward  to  the  inferior  angle. 
Immediately  below  the  glenoid  cavity  is  a  rough  impression  (the  infraglenoid 
tubercle),  about  an  inch  in  length,  which  affords  attachment  to  the  long  head  of 
the  Triceps  muscle ;  to  this  succeeds  a  longitudinal  groove,  which  extends  as  far 
as  its  lower  third  and  affords  origin  to  part  of  the  Subscapularis  muscle.  The 
inferior  third  of  this  border,  which  is  thin  and  sharp,  serves  for  the  attachment  of 
a  few  fibres  of  the  Teres  major  behind  and  of  the  Subscapularis  in  front.  The 
internal^  or  vertebral,  border^  also  named  the  base,  is  the  longest  of  the  three, 
and  extends  from  the  superior  to  the  inferior  angle  of  the  bone.  It  is  arched, 
intermediate  in  thickness  between  the  superior  and  the  external  borders,  and  the 
portion  of  it  above  the  spine  is  bent  considerably  outward,  so  as  to  form  an 
obtuse  angle  with  the  lower  part.  The  vertebral  border  presents  an  anterior  lip, 
a  posterior  lip,  and  an  intermediate  space.  The  anterior  lip  affords  attachment 
to  the  Serratus  magnus ;  the  posterior  Up,  to  the  Supraspinatus  above  the  spine, 
the  Infraspinatus  below ;  the  interval  between  the  two  lips,  to  the  Levator  anguli 
scapulse  above  the  triangular  surface  at  the  commencement  of  the  spine,  the 
Rhomboideus  minor  to  the  edge  of  that  surface ;  the  Rhomboideus  major  being 
attached  by  means  of  a  fibrous  arch  connected  above  to  the  lower  part  of  the 
triangular  surface  at  the  base  of  the  spine,  and  below  to  the  lower  part  of  the 
posterior  border. 

Of  the  three  angles,  the  superior ,  formed  by  the  junction  of  the  superior  and 
internal  borders,  is  thin,  smooth,  rounded,  somewhat  inclined  outward,  and  gives 
attachment  to  a  few  fibres  of  the  Levator  anguli  scapulae  muscle.  The  inferior 
angle,  thick  and  rough,  is  formed  by  the  union  of  the  vertebral  and  axillary 
borders,  its  outer  surface  affording  attachment  to  the  Teres  major  and  occasionally 
a  few  fibres  of  the  Latissimus  dorsi.  The  anterior  angle  is  the  thickest  part  of 
the  bone,  and  forms  what  is  called  the  head  of  the  scapula.  The  head  presents  a 
shallow,  pyriform,  articular  surface,  the  glenoid  cavity  (j^i^^  a  socket),  whose 
longest  diameter  is  from  above  downward,  and  its  direction  outward  and  forward. 
It  is  broader  below  than  above ;  at  its  apex  is  a  slight  impression  {supraglenoid 
tiAerele)  to  which  is  attached  the  long  tendon  of  the  Biceps  muscle.  It  is  covered 
with  cartilage  in  the  recent  state ;  and  its  margins,  slightly  raised,  give  attachment 
to  a  fibro-cartilaginous  structure,  the  glenoid  ligament,  by  which  its  cavity  is 
deepened.  The  neck  of  the  scapula  is  the  slightly  depressed  surface  which  sur- 
rounds the  head ;  it  is  more  distinct  on  the  posterior  than  on  the  anterior  surface, 
and  below  than  above.  In  the  latter  situation  it  has  arising  from  it  a  thick  prom- 
inence, the  coracoid  process. 

The  Coracoid  Process,  so  called  from  its  fancied  resemblance  to  a  crow's  beak 
(lopof,  a  crow),  is  a  thick,  curved  process  of  bone  which  arises  by  a  broad  base  from 
the  upper  part  of  the  neck  of  the  scapula ;  it  is  directed  at  first  upward  and 
inward,  then,  becoming  smaller,  it  changes  its  direction  and  passes  forward  and 
outward.  The  ascending  portion,  flattened  from  before  backward,  presents  in 
front  a  smooth,  concave  surface  over  which  passes  the  Subscapularis  muscle.  The 
horizontal  portion  is  flattened  from  above  downward,  its  upper  surface  is  convex 
Mid  irregular,  and  gives  attachment  to  the  Pectoralis  minor ;  its  under  surface  is 
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smooth ;  its  ijiner  border  is  rough,  and  gives  attachment  to  the  Pectoralis  minor; 
\ts  outer  border  is  also  rough  for  the  coraco-acromial  ligament,  while  the  apex  is 
embraced  by  the  conjoined  tendon  of  origin  of  the  short  bead  of  the  Biceps  and 
of  the  Coracobrachial  is.  At  the  inner  side  of  the  root  of  the  coracoid  process  is 
a  roagb  impression  for  the  attachment  of  the  conoid  ligament ;  and  running  from 
it  obliquely  forward  and  outward  on  the  upper  surface  of  the  horizontal  portion, 
an  elevated  ridge  for  the  attachment  of  the  trapesoid  ligament. 

Structure. — In  tbe  head,  processes,  and  all  the  thickened  pan«  of  the  bone 
the  scapula  is  composed  of  cancellous  tissue,  while  in  the  rest  of  its  extent  it  is 
composed  of  a  thin  layer  of  dense,  compact  tissue.  The  centre  and  upper  part  of 
the  dorsum,  but  especially  the  former,  are  usually  so  thin  as  to  be  semitraosparent ; 
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occasionally  the  bone  is  found  wanting  in  this  situation,  and  the  adjacent  muscles 
come  into  contact. 

Development  (Fig.  196). — By  seven  centres :  one  for  the  body,  two  for  the 
coracoid  process,  two  for  the  acromion,  one  for  the  vertebral  border,  and  one  for 
the  inferior  angle. 

Ossification  of  the  body  of  the  scapula  commences  about  the  second  month  of 
foetal  life  by  the  formation  of  an  irregular  quadrilateral  plate  of  bone  immediately 
behind  the  glenoid  cavity.  This  plate  extends  itself  so  aa  to  form  the  chief  part  of 
the  bone,  the  spine  growing  up  from  its  posterior  surface  about  the  third  month. 
At  birth  the  chief  part  of  the  scapula  is  osseous,  only  the  coracoid  and  acromion 
processes,  the  posterior  border,  and  inferior  angle  being  cartilaginous.  About 
the  first  year  after  birth  ossification  takes  place  in  the  middle  of  the  coracoid 
process,  which  usually  becomes  jiuned  with  (he  rest  of  the  bone  at  the  time  when 
the  other  centres  make  their  appearance.  Between  the  fifteenth  and  seventeenth 
years  ossification  of  the  remaining  centres  takes  place  in  quick  succession,  and 
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in  the  following  order :  first,  near  th«  base  of  the  acromion  and  in  the  root  of  the 
coracoid  process,  the  latter  appearing  in  the  form  of  a  broad  scale ;  secondly,  in 
the  inferior  angle  and  contiguous  part  of  the  posterior  border  ;  thirdly,  near  the 
extremity  of  the  acromion ;  fourthly,  in  the  posterior  border.  The  acromion 
process,  besides  being  formed  of  two  separate  nuclei,  has  its  base  formed  by  an 
extension  into  it  of  the  centre  of  ossification  which  belongs  to  the  spine,  the 
extent  of  which  varies  in  different  cases.  The  two  separate  nuclei  unite,  and 
then  join  with  the  extension  carried  in  from  the  spine.  These  various  epiphyses 
become  joined  to  the  bone  between  the  ages  of  twenty- two  and  twenty-five  years. 
Sometimes  failure  of  union  between  the  acromion  process  and  spine  occurs,  the 
junction  being  effected  by  fibrous  tissue  or  by  an  imperfect  articulation ;  in  some 
cases  of  supposed  fracture  of  the  acromion  with  ligamentous  union  it  is  probable 
that  the  detached  segment  was  never  united  to  the  rest  of  the  bone.  Very  often, 
in  addition  to  these,  a  minute  epiphysis  appears  at  the  margin  of  the  glenoid 
cavitv. 

Articulations. — With  the  humerus  and  clavicle. 

Attachment  of  Muscles. — To  seventeen :  to  the  anterior  surface,  the  Subscapu- 
laris ;  posterior  surface,  Supraspinatus,  Infraspinatus ;  spine.  Trapezius,  Deltoid ; 
superior  border,  Omo-hyoid ;  vertebral  border,  Serratus  magnus.  Levator  anguli 
scapulse,  Rhomboideus  minor  and  major ;  axillary  border,  Triceps,  Teres  minor. 
Teres  major ;  glenoid  cavity,  long  head  of  the  Biceps ;  coracoid  process,  short 
head  of  the  Biceps,  Coraco-brachialis,  Pectoralis  minor ;  and  to  the  inferior  angle 
occasionally  a  few  fibres  of  the  Latissimus  dorsi. 

Sarfkce  Form. — ^The  only  parts  of  the  scapula  which  are  truly  subcutaneous  are  the  soine 
and  acromion  process,  but,  in  stddition  to  these,  the  coracoid  process,  the  internal  or  vcrteoral 
border  and  inferior  angle,  and,  to  a  less  extent,  the  axillary  border,  may  be  defined.  The  acro- 
mioo  process  and  spine  of  the  scapula  are  easily  felt  throughout  their  entire  length,  forming, 
with  the  clavicle,  the  arch  of  the  shoulder.  The  acromion  can  be  ascertained  to  oe  connectea 
to  the  clavicle  at  the  acromio-clavicular  joint  by  running  the  finger  along  it,  its  position  being 
often  indicated  bj  an  irregularity  or  bony  outgrowth  from  the  clavicle  close  to  the  joint.  The 
im)mion  can  be  felt  formmg  the  point  of  the  shoulder,  and  from  this  can  be  traced  backward 
to  join  the  spine  of  the  scapula.  The  place  of  iunction  is  usually  denoted  by  a  prominence, 
vhich  is  sometimes  called  the  angle.  From  here  the  spine  can  be  felt  as  a  prominent  ridge  of 
booe.  marked  on  the  surface  as  an  oblique  depression,  which  becomes  less  and  less  distinct,  and 
terminates  a  little  external  to  the  spinous  processes  ot  the  vertebrae.  Its  termination  is  usuallv 
indicated  by  a  slight  dimple  in  the  skin  on  a  level  with  the  interval  between  the  third  and  fourtn 
dorsal  spines.  Below  this  point  the  vertebral  border  of  the  scapula  may  be  traced,  running 
downward  and  outward,  and  thus  diverging  from  the  vertebral  spines,  to  the  inferior  angle  of 
the  bone,  which  can  be  recognized,  although  covered  by  the  Latissimus  dorsi  muscle.  From 
thi;}  angle  the  axillary  border  can  usually  be  traced  through  this  thick  muscular  covering,  form- 
ing, with  the  muscles,  the  posterior  fold  of  the  axilla.  The  coracoid  process  may  be  felt  about 
an  inch  below  the  iunction  of  the  middle  and  outer  third  of  the  clavicle.  Its  position  is  indi- 
cated on  the  surface  of  the  body  by  a  slight  depression  which  corresponds  to  the  interval 
between  the  Pectoralis  major  and  Deltoid  muscles.  When  the  arms  are  hanging  bv  the  side, 
the  upper  angle  of  the  scapula  corresponds  to  the  upper  border  of  the  second  rib  or  the  interval 
between  the  first  and  second  dorsal  spmes,  the  inferior  angle  to  the  upper  border  of  the  eighth 
rib  or  the  interval  between  the  seventh  and  eighth  dorsal  spines. 

Surgical  Anatomy. — Fractures  of  the  body  of  the  scapula  are  rare,  owing  to  the  mobility 
of  the  bone,  the  thick  layer  of  muscles  by  which  it  is  encased  on  both  surfaces,  and  the  elns- 
titnty  of  the  ribs  on  which  it  rests.  Fracture  of  the  neck  of  the  bone  is  also  uncommon.  The 
most  fi^uent  course  of  the  fracture  is  from  the  suprascapular  notch  to  the  infraglenoid 
tubercle,  and  it  derives  its  principal  interest  from  its  simulation  to  a  subglenoid  dislocation  of 
the  homerus.  The  diagnosis  can  be  made  by  noting  the  alteration  in  the  position  of  the 
coracoid  process.  A  fracture  of  the  neck  external  to,  and  not  including,  the  coracoid  process  is 
said  to  occur,  but  it  is  exceedingly  doubtful  whether  such  an  accident  ever  takes  place.  The 
acromion  process  is  more  frequently  broken  than  any  other  part  of  the  bone,  and  there  is  some- 
times, in  young  subjects,  a  separation  of  the  epiphysis.  It  is  believed  that  many  of  the  cases 
of  supposed  fracture  of  the  acromion,  with  fibrous  union,  which  have  been  found  on  post-mor- 
tem examination  are  really  cases  of  imperfectly  united  epiphysis.  Sir  Astley  Cooper  believed 
that  most  fractures  of  this  bone  united  by  fibrous  tissue,  and  the  cause  of  this  mode  of  union 
was  the  difficulty  there  was  in  keeping  the  fractured  ends  in  constant  apposition.  The  coracoid 
process  is  occasionally  broken  ofif,  eitner  from  direct  violence  or  perhaps,  rarely,  from  muscular 
action. 

Tumors  of  various  kinds  grow  from  the  scapula.  Of  the  innocent  form  of  tumors  prob- 
ably the  osteomata  are  the  most  common.     When  it  grows  from  the  venter  of  the  scapula,  as  it 


250  THE  SKELETON, 

sometimes  does,  it  is  of  the  compact  variety,  such  as  usually  grows  irom  membrane-formed 
bones,  as  the  bones  of  the  skull  This  would  appear  to  afford  evidence  that  this  portion  of  the 
bone  is  formed  from  membrane,  and  not,  like  the  rest  of  the  bone,  from  cartilage.  Sarcomatous 
tumors  sometimes  grow  irom  the  scapula,  and  may  necessitate  removal  of  the  bone,  with  or 
without  amputation  of  the  upper  limb.  The  bone  may  be  excised  by  a  T  incision,  and,  the  flaps 
being  reflected,  the  removal  is  commqpced  from  the  posterior  or  vertebral  border,  so  that  the 
subscapular  vessels  which  lie  along  the  axillary  border  are  among  the  last  structures  divided,  and 
can  be  at  once  secured. 

THE   ABM. 

The  Humerus. 

The  Humerus  is  the  longest  and  largest  bone  of  the  upper  extremity ;  it  pre- 
sents for  examination  a  shaft  and  two  extremities. 

The  Upper  Extremity  is  the  largest  part  of  the  bone ;  it  presents  a  rounded 
head^  joined  to  the  shaft  by  a  constricted  portion,  called  the  neck^  and  two  other 
eminences,  the  greater  and  leaser  tuberosities  (Fig.  197). 

The  head,  nearly  hemispherical  in  form,^  is  directed  upward,  inward,  and  a 
little  backward,  and  articulates  with  the  glenoid  cavity  of  the  scapula ;  its  surface 
is  smooth  and  coated  with  cartilage  in  the  recent  state.  The  circumference  of  its 
articular  surface  is  slightly  constricted,  and  is  termed  the  anatomical  neck^  in  con- 
tradistinction to  the  constriction  which  exists  below  the  tuberosities.  The  latter 
is  called  the  surgical  necky  from  its  often  being  the  seat  of  fracture.  It  should  be 
remembered,  however,  that  fracture  of  the  anatomical  neck  does  sometimes,  though 
rarely,  occur. 

The  anatomical  neck  is  obliquely  directed,  forming  an  obtuse  angle  with  the 
shaft.  It  is  more  distinctly  marked  in  the  lower  half  of  its  circumference  than  in 
the  upper  half,  where  it  presents  a  narrow  groove,  separating  the  head  from  the 
tuberosities.  Its  circumference  affords  attachment  to  the  capsular  ligament  and 
is  perforated  by  numerous  vascular  foramina. 

The  greater  tuberosity  is  situated  on  the  outer  side  of  the  head  and  lesser 
tuberosity.  Its  upper  surface  is  rounded  and  marked  by  three  flat  facets,  sep- 
arated by  two  slight  ridges :  the  anterior  facet  gives  attachment  to  the  tendon  of 
the  Supraspinatus ;  the  middle  one,  to  the  Infraspinatus ;  the  posterior  facet  and 
the  shaft  of  the  bone  below  it,  to  the  Teres  minor.  The  outer  surface  of  the 
great  tuberosity  is  convex,  rough,  and  continuous  with  the  outer  side  of  the  shaft. 

The  lesser  tuberosity  is  more  prominent,  although  smaller  than  the  greater :  it 
is  situated  in  front  of  the  head,  and  is  directed  inward  and  forward.  Its  summit 
presents  a  prominent  facet  for  the  insertion  of  the  tendon  of  the  Subscapularis 
muscle.  The  tuberosities  are  separated  from  one  another  by  a  deep  groove,  the 
bicipital  groove,  so  called  from  its  lodging  the  long  tendon  of  the  Biceps  muscle, 
with  which  runs  a  branch  of  the  anterior  circumflex  artery.  It  commences 
above  between  the  two  tuberosities,  passes  obliquely  downward  and  a  little 
inw^ard,  and  terminates  at  the  junction  of  the  upper  with  the  middle  third  of 
the  bone.  It  is  deep  and  narrow  at  the  commencement,  and  becomes  shallow  and 
a  little  broader  as  it  descends.  Its  borders  are  called,  respectively,  the  anterior 
and  posterior  bicipital  ridges,  and  form  the  upper  part  of  the  anterior  and  inter- 
nal borders  of  the  shaft  of  the  bone.  In  the  recent  state  it  is  covered  with 
a  thin  layer  of  cartilage,  lined  by  a  prolongation  of  the  synovial  membrane  of 
the  shoulder-joint,  and  receives  the  tendon  of  insertion  of  the  Latissimus  dorsi 
muscle. 

The  Shaft  of  the  humerus  is  almost  cylindrical  in  the  upper  half  of  its  extent, 
prismatic  and  flattened  below,  and  presents  three  borders  and  three  surfaces  for 
examination. 

The  anterior  border  runs  from  the  front  of  the  great  tuberosity  above  to  the 

^  Though  the  head  is  nearly  hemispherical  in  form,  its  margin,  as  Sir  G.  Humphry  has  shown, 
is  by  no  means  a  true  circle.  Its  greatest  measurement  is  from  the  top  of  the  bicipital  groove  in  a 
direction  downward,  inward,  and  backward.  Hence  it  follows  that  the  greatest  elevation  of  the  arm 
can  be  obtained  by  rolling  the  articular  surface  in  this  direction — that  is  to  say,  obliquely  upward, 
outward,  and  forward. 
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coronoid  depression  below,  separating  the  internal  from  the  external  surface.     Ita 
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upper  part  is  very  prominent  and  rough,  and  forms  the  outer  lip  of  the  bicipital 
groove.  It  is  sometimes  called  the  anterior  bicipital  ridge^  and  serves  for  the 
attachment  of  the  tendon  of  the  Pectoralis  major.  About  its  centre  it  forms  the 
anterior  boundary  of  the  rough  deltoid  impression ;  below,  it  is  smooth  and  rounded, 
affording  attachment  to  the  Brachialis  anticus. 

The  external  border  runs  from  the  back  part  of  the  greater  tuberosity  to  the 
external  condyle,  and  separates  the  external  from  the  posterior  surface.  It  is 
rounded  and  indistinctly  marked  in  its  upper  half,  serving  for  the  attachment  of 
the  lower  part  of  the  insertion  of  the  Teres  minor,  and  below  this  of  the  external 
head  of  the  Triceps  muscle ;  its  centre  is  traversed  by  a  broad  but  shallow,  oblique 
depression,  the  miiseulO'Spiral  groove  ;  its  lower  part  is  marked  by  a  prominent, 
rough  margin,  a  little  curved  from  behind  forward,  the  external  condyloid  ridge, 
which  presents  an  anterior  lip  for  the  attachment  of  the  Supinator  longus  above 
and  Extensor  carpi  radialis  longior  below,  a  posterior  lip  for  the  Triceps,  and  an 
interstice  for  the  attachment  of  the  external  intermuscular  septum. 

The  internal  border  extends  from  the  lesser  tuberosity  to  the  internal  condyle. 
Its  upper  third  is  marked  by  a  prominent  ridge,  forming  the  posterior  lip  of  the 
bicipital  groove,  and  gives  attachment  to  the  tendon  of  the  Teres  major.  About 
its  centre  is  a  rough  ridge  for  the  attachment  of  the  Coraco-brachialis,  and  just 
below  this  is  seen  the  entrance  of  the  nutrient  canal,  directed  downward.  Some- 
times there  is  a  second  canal  higher  up,  which  takes  a  similar  direction.  The 
inferior  third  of  this  border  is  raised  into  a  slight  ridge,  the  internal  condyloid 
ridge,  which  becomes  very  prominent  below ;  it  presents  an  anterior  lip  for  the 
attachment  of  the  Brachialis  anticus,  a  posterior  lip  for  the  internal  head  of  the 
Triceps,  and  an  intermediate  space  for  the  internal  intermuscular  septum. 

The  external  surface  is  directed  outward  above,  where  it  is  smooth,  rounded, 
and  covered  by  the  Deltoid  muscle ;  forward  and  outward  below,  where  it  is 
slightly  concave  from  above  downward,  and  gives  origin  to  part  of  the  Brachialis 
anticus  muscle.  About  the  middle  of  this  surface  is  seen  a  rough,  triangular 
impression  for  the  insertion  of  the  Deltoid  muscle ;  and  below  it  the  musculo-spiral 
groove,  directed  obliquely  from  behind,  forward  and  downward,  and  transmitting 
the  musculo-spiral  nerve  and  superior  profunda  artery. 

The  internal  surface,  less  extensive  than  the  external,  is  directed  inward  above, 
forward  and  inward  below^ ;  at  its  upper  part  it  is  narrow  and  forms  the  floor  of 
the  bicipital  groove  :  to  it  is  attached  the  Latissimus  dorsi.  The  middle  part  of 
this  surface  is  slightly  rough  for  the  attachment  of  some  of  the  fibres  of  the  tendon 
of  insertion  of  the  Coraco-brachialis ;  its  lower  part  is  smooth,  concave,  and  gives 
attachment  to  the  Brachialis  anticus  muscle.* 

The  posterior  surface  (Fig.  198)  appears  somewhat  twisted,  so  that  its  upper 
part  is  directed  a  little  inward,  its  lower  part  backward  and  a  little  outward. 
Nearly  the  whole  of  this  surface  is  covered  by  the  external  and  internal  heads  of 
the  Triceps,  the  former  of  which  is  attached  to  its  upper  and  outer  part,  the  latter 
to  its  inner  and  back  part,  the  two  being  separated  by  the  musculo-spiral  groove. 

The  Lower  Extremity  is  flattened  from  before  backward,  and  curved  slightly 
forward ;  it  terminates  below^  in  a  broad,  articular  surface  which  is  divided  into 
two  parts  by  a  slight  ridge.     Projecting  on  either  side  are  the  external  and  inter- 

*  A  small,  hook-shaped  process  of  bone,  varying  from  j^  to  J  of  an  inch  in  len^h,  is  not  unfre- 
qnently  found  projecting  from  the  inner  surface  of  the  shaft  of  the  humerus  two  inches  above  the 
internal  condyle.  It  is  curved  downward,  forward,  and  inward,  and  its  pointed  extremity  is  connected 
to  the  internal  border,  just  above  the  inner  condyle,  by  a  ligament  or  fibrous  band,  completing  an 
arch  through  which  the  median  nerve  and  brachial  artery  pass  when  these  structures  deviate  from 
their  usual  course.  Sometimes  the  nerve  alone  is  transmitted  through  it,  or  the  nerve  may  be 
accompanied  by  the  ulnar  artery  in  cases  of  high  division  of  the  brachial.  A  well-marked 
groove  is  usually  found  behind  the  process  in  which  the  nerve  and  artery  are  lodged.  This 
space  is  analogous  to  the  supracondyloid  foramen  in  many  animals,  and  probably  serves 
in  them  to  protect  the  nerve  and  artery  from  compression  during  the  contraction  of  tlie 
muscles  in  this  region.  A  detailed  account  of  this  process  is  given  by  Dr.  Struthers,  in 
his  Anatomical  and  Physiological  Observations,  p.  20'2.  An  accessory  portion  of  the  Coraco- 
brachialis  muscle  is  frequently  connected  with  this  process,  according  to  Mr.  J.  Wood,  (Journal  qf  ^ifuiL 
and  Phys.,  No.  1,  Nov.,  1866,  p.  47). 
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nal  condyles.  The  articular  surface  extends  a 
little  lower  than  the  condyles,  and  is  curved 
elightly  forward,  so  as  to  occupy  the  more  ante- 
rior part  of  the  bone ;  its  greatest  breadth  is  in 
the  transverse  diameter,  and  it  is  obliquely  di- 
rected, 90  that  ita  inner  extremity  occupies  a 
lower  level  than  the  outer.  The  outer  portion  of 
the  articular  surface  presents  a  smooth,  rounded 
eminence,  which  has  received  the  name  of  the 
eapitflfum,  or  radial  head  of  the  humerus;  it 
articulates  with  the  cup-shaped  depression  on 
the  head  of  the  radius,  and  is  limited  to  the 
front  and  lower  part  of  the  bone,  not  extending 
as  far  back  as  the  other  portion  of  the  articular 
Burface.  On  the  inner  side  of  this  eminence  is 
a  shatlow  groove,  in  which  is  received  the  inner 
margin  of  the  head  of  the  radius.  Above  the 
front  part  of  the  capitellum  is  seen  a  slight  de- 
pression which  receives  the  anterior  border  of  the 
head  of  the  radius  when  the  forearm  is  flexed. 
The  inner  portion  of  the  articular  surface,  the 
trochlear,  presents  a  deep  depression  between 
two  well-marked  borders.  This  surface  is  eon- 
vex  from  before  backward,  concave  from  side  to 
Bide,  and  occupies  the  anterior,  lower,  and  pos- 
terior parts  of  the  bone.  The  external  border, 
less  prominent  than  the  internal,  corresponds  to 
the  interval  between  the  radius  and  the  ulna. 
The  internal  border  is  thicker,  more  prominent, 
and  consequently  of  greater  length,  than  the 
eitemal.  The  grooved  portion  of  the  articular 
mr&ce  fits  accurately  within  the  greater  sigmoid 
cavity  of  the  ulna :  it  is  broader  and  deeper  on 
the  posterior  than  on  the  anterior  aspect  of  the 
bone,  and  is  inclined  obliquely  from  behind  for- 
ward and  from  without  inward.  Above  the  front 
part  of  the  trochlear  surface  is  seen  a  smaller 
depression,  the  coronoidfogga,  which  receives  the 
coronoid  process  of  the  ulna  during  flexion  of  the 
furearm.  Above  the  back  part  of  the  trochlear 
lorface  is  a  deep,  triangular  depression,  the  olec- 
TonoH  fossa,  in  which  is  received  the  summit  of 
the  olecranon  process  in  extension  of  the  forearm. 
Tiiese  fossae  are  separated  from  one  another  by  a 
thin,  transparent  lamina  of  bone,  which  is  some- 
times perforated,  forming  the  supratrochlear  for- 
oiitr'Jt ;  their  upper  margins  afford  attachment  to 
the  anterior  and  posterior  ligaments  of  the  elbow- 
joint,  and  they  are  lined,  in  the  recent  state,  by 
ilie  synovial  membrane  of  this  articulation.  The 
articular  surfaces,  in  the  recent  state,  are  covered 
with  a  thin  layer  of  cartilage.  The  external  con- 
dyle is  a  small,  tubercular  eminence,  less  promi- 
nent than  the  internal,  curved  a  little  forward, 
and  giving  attachment  to  the  external  lateral  lig- 
ament of  the  elbow-joint,  and  to  a  tendon  common 
to  the  origin  of  some  of  the  extensor  and  supi-  ^"'-  ^^■-^'^  humerua.   tVMWrior  lurfkce. 
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nator  muscles.     The  internal  condyle,  larger  and  more  prominent  than  the  exter- 
nal, is  directed  a  little  backward :  it  gives  attachment  to  the  internal  lateral  liga- 
ment, to  the  Pronator  radii  teres,  and  to  a 
£}ri|tAv*u  of  head  a  tendon  common  to  the  origin  of  some  of  the 

h<jmm«M  «™i  flexor  muscles  of  the  forearm.     The  ulnar 

silt  weor,  and   m  .  .     .i        i       i       c  .1 

mth  ihift  at  *  nerve  runs  in  a  groove  at   the  back  of  the 

(w""'  internal   condyle,  or    between    it    and   the 

olecranon  process.  These  eminences  are 
directly  continuous  above  with  the  external 
and  internal  borders — i.  e.  the  external  and 
internal  condyloid  ridges.  The  great 
prominence  of  the  inner  one  renders  it 
more  liable  to  fracture. 

Sbmctnre. — The  extremities  consist  of 
cancellous  tissue,  covered  with  a  thin,  com- 
pact layer;  the  shaft  is  composed  of  a 
cylinder  of  compact  tissue,  thicker  at  the 
centre  than  at  the  extremities,  and  hollowed 
out  by  a  large  medullary  canal,  which  ex- 
tends along  its  whole  length. 

Development. — By  Beven,  or  occasionally 

eight,  centres  (Fig.  199),  one  for  the  shaft, 

one  for  the  head,  one  for  the  tuberosities, 

Vnita  mtk  ^taft\  °"®  ^°^  '^^  radial  head,  one  for  the  troch- 

af  18th  year,    j  lear  portion  of  the  articular  surface,  and 

r{?     one  for  each  condyle.     The  nucleus  for  the 

\i     shaft  appears  near  the  centre  of  the  bone 

*        in  the  eighth  week,  and  soon  extends  toward 

the  extremities.     At  birth  the  humerus  is 

ossified  nearly  in  its  whole  length,  the  cx- 

humenis.  By  MsvBnmiiiruB.  *'^  "''"'^"' "    '^     tremities  remaining  Cartilaginous,     At  the 

beginning  of  the   second  year  ossification 

commences  in  the  head  of  the  bone,  and  during  the  third  year  the  centre  for  the 

tuberosities  makes  its  appearance,  usually  by  a  single  ossific  point,  but  sometimes. 

according  to  B^clard,  by  one  for  each  tuberosity,  that  for  (he  lesser  being  small 

and  not  appearing  until  the  fifth  year.     By  the  sixth  year  the  centres  for  the 

head  and  tuberosities  have  enlarged  and  become  joined,  ao  as  to  form  a  single 

large  epiphysis. 

The  lower  end  of  the  humerus  is  developed  in  the  following  manner:  At 
the  end  of  the  second  year  ossification  commences  in  the  radial  portion  of  the 
articular  surface,  and  from  this  point  extends  inward,  so  as  to  form  the  chief  part 
of  the  articular  end  of  the  bono,  the  centre  for  the  inner  part  of  the  articular  surface 
not  appearing  until  about  the  age  of  twelve.  Ossification  commences  in  the  internal 
condyle  about  the  fifth  year,  and  in  the  external  one  not  until  about  the  thirteenth 
or  fourteenth  year.  About  sixteen  or  seventeen  years  the  outer  condyle  and  both 
portions  of  the  articulating  surface  (having  already  joined)  unite  with  the  shaft; 
at  eighteen  years  the  inner  condyle  becomes  joined;  whilst  the  upper  epiphysis, 
although  the  first  formed,  is  not  united  until  about  the  twentieth  year. 

Articulations. — With  the  glenoid  cavity  of  the  scapula  and  with  the  ulna  and 
radius. 

Attachment  of  Unsclea. — To  twenty-four;  to  the  greater  tuberosity,  the 
Supraspinatus,  Infraspinatus,  and  Teres  minor;  to  the  lesser  tuberosity,  the 
Subscapularis ;  to  the  anterior  bicipital  ridge,  the  Pectoralis  major ;  to  the  posterior 
bicipital  ridge,  the  Teres  major;  to  the  bicipital  groove,  the  Latissimus  dorsi ;  to 
the  shaft,  the  Deltoid.  Coraco-brachialis,  Bracbialis  antieus,  external  and  internal 
heads  of  the  Triceps ;  to  the  internal  condyle,  the  Pronator  radii  teres,  and  common 
tendon  of  the  Flexor  carpi  radialis,  Palmaris  longiis.  Flexor  sublimis  digitorum, 


THE  HUMERUS.  255 

and  Flexor  carpi  ulnaris ;  to  the  external  condyloid  ridge,  the  Supinator  longus 
and  Extensor  carpi  radialis  longior ;  to  the  external  condyle,  the  common  tendon 
of  the  Extensor  carpi  radialis  brevior,  Extensor  communis  digitorum,  Extensor 
minimi  digiti,  Extensor  carpi  ulnaris,  and  Supinator  brevis ;  to  the  back  of  the 
external  condyle,  the  Anconeus. 

SniHskce  Form. — The  humerus  is  almost  entirely  clothed  by  the  muscles  which  surround  it, 
and  the  only  parts  of  this  bone  which  are  strictly  subcutaneous  are  small  portions  of  the 
internal  and  external  condyles.  In  addition  to  these,  the  tuberosities  and  a  part  of  the  head 
of  the  bone  can  be  felt  unaer  the  skin  and  muscles  by  which  they  are  ooverea.  Of  these  the 
greater  tuberosity  forms  the  most  prominent  bony  pomt  of  the  shoulder,  extending  bevond  the 
acromion  process  and  covered  by  the  Deltoid  muscle.  It  influences  materially  the  surface  form 
of  the  shoulder.  It  is  best  felt  while  the  arm  is  lying  loosely  by  the  side ;  if  the  arm  be  raised, 
it  recedes  from  under  the  finger.  The  lesser  tuberosity,  directed  forward  and  inward,  is  to  be 
felt  to  the  inner  side  of  the  greater  tuberosity,  just  below  the  acromio-clavicular  joint.  Between 
the  two  tuberosities  lies  the  bicipital  groove.  This  can  be  defined  by  placing  the  finger  and 
making  firm  pressure  just  internal  to  the  greater  tuberosity  ;  then,  bv  rotating  the  humerus,  the 
groove  will  be  felt  to  pass  under  the  finger  as  the  bone  is  rotated.  With  the  arm  abducted  from 
the  side,  by  pressing  deeply  in  the  axilla  the  lower  part  of  the  head  of  the  bone  is  to  be  felt 
On  each  side  of  the  elbow-joint,  and  just  above  it,  the  internal  and  external  condyles  of  the 
bone  are  to  be  felt  Of  these  the  iliternal  is  the  more  prominent,  but  the  ridge  passmg  upward 
from  it,  the  internal  condyloid  ridge,  is  much  less  marked  than  the  external,  and,  as  a  rule,  is 
not  io  be  felt.  Occasionally,  however,  we  find  along  this  border  the  hook -shaped  process  men- 
tioned above.  The  external  condyle  is  most  plainly  to  be  seen  during  semiflexion  of  the  fore- 
arm, and  its  position  is  indicated  by  a  depression  between  the  attachment  of  the  adijacent 
muscles.  From  it  is  to  be  felt  a  strong  bony  ridge  running  up  the  outer  border  of  the  shaft  of 
the  bone.  This  is  the  external  condyloid  ridge ;  it  is  concave  forward,  and  corresponds  with 
the  curved  direction  of  the  lower  extremity  of  the  humerus. 

Surgical  Anatomy. — ^There  are  several  points  of  surgical  interest  connected  with  the 
humerus.  First,  as  regards  its  development.  The  upper  end,  though  the  first  to  ossify,  is  the 
last  to  Join  the  shaft,  and  the  length  of  the  bone  is  mainly  due  to  growth  from  this  upper 
epiphysis.  Hence,  in  cases  of  amputation  of  the  arm  in  young  subjects  the  humerus  continues 
to  grow  considerably,  and  the  end  of  the  bone  which  immediately  after  the  operation  was  cov- 
ered with  a  thick  cushion  of  soft  tissue,  begins  to  project,  thinning  the  soft  parts  and  rendering 
the  stump  conical.  This  may  necessitate  the  removal  of  a  couple  of  inches  or  so  of  the  bone, 
and  even  after  this  operation  a  recurrence  of  the  conical  stump  mav  take  place. 

There  are  several  points  of  surgical  interest  in  connection  with  fractures.  First,  as  regard 
their  causation :  the  bone  may  be  broken  by  direct  or  indirect  violence  like  the  other  long  bones, 
but  in  addition  to  this,  it  is  probably  more  frequently  fractured  by  muscular  action  than  any 
other  of  this  class  of  bone  in  the  body.  It  is  usuallv  the  shaft,  just  below  the  insertion  of  the 
Deltoid,  which  is  thus  broken.  I  have  seen  the  accident  happen  from  throwing  a  stone,  and  in 
an  apparently  healthy  adult  from  cutting  a  piece  of  hard  cake  tobacco  "  on  a  table.  In  this 
latter  case  there  was  no  disease  of  the  bone  that  could  be  discovered.  Fractures  of  the  upper 
end  may  take  place  through  the  anatomical  neck,  through  the  surgical  neck,  or  separation  of  the 
neater  tuberosity  may  occur.  Fracture  of  the  anatomical  neck  is  a  very  rare  accident ;  in  fact, 
it  is  doubted  by  some  whether  it  ever  occurs.  These  fi^ctures  are  usually  considered  to  be 
intracapsular,  but  they  are  probably  partly  within  and  partly  without  the  capsule,  as  the  lower 
part  of  the  capsule  is  inserted  some  little  distance  below  the  anatomical  neck,  while  the  upper 
part  is  attaehea  to  it.  They  may  be  impacted  or  non-impacted.  In  most  cases  there  is  little  or 
no  displacement  on  account  of  the  capsule,  in  whole  or  in  part,  remaining  attached  to  the  lower 
fragment  But  occasionally  a  very  remarkable  alteration  in  position  takes  place ;  the  upper 
fragment  turns  on  its  own  axis,  so  that  the  cartilaginous  surface  of  the  head  rests  against  the 
upper  end  of  the  lower  fragment.  When  the  fractured  end  is  entirely  separated  from  all  its 
surroundings,  its  vascular  supply  must  be  entirely  cut  off,  and  one  would  expect  it,  theoretically, 
to  necrose.  But  this  must  be  exceedingly  rare,  for  (irurlt  was  unable  to  find  a  single  authenti- 
cated case  recorded.  Separation  of  the  upper  epiphysis  of  the  humerus  sometimes  occurs  in  the 
yoanfT  subject,  and  is  naarked  by  a  characteristic  deformity  by  which  the  lesion  may  be  at  once 
recognized.  This  consists  in  the  presence  of  an  abrupt  projection  at  the  front  of  the  joint  some 
short  distance  below  the  coracoid  process,  caused  by  the  upper  end  of  the  lower  ftagraent  In 
fractures  of  the  shaft  of  the  humerus  the  lesion  may  take  place  at  any  point,  but  appears  to  be 
more  common  in  the  lower  than  in  the  upper  part  of  the  bone.  The  points  of  interest  in  con- 
nection with  these  fractures  are — ( 1 )  that  the  musculo-spiral  nerve  may  be  injured  as  it  lies  in  the 
CTijOve  on  the  bone,  or  may  become  involved  in  the  callus  which  is  subsequently  thrown  out ; 
and  (2)  the  frequency  of  non-union.  This  is  believed  to  be  more  common  in  the  humerus  than 
in  any  other  bone,  and  various  causes  have  been  assicrned  for  it.  It  would  seem  most  probably 
to  be  due  to  the  difficulty  that  there  is  in  fixing  the  shoulder-joint  and  the  upper  fragment,  and 
pofiaWy  also  the  elbow-joint  and  lower  ftugment  also.  Other  causes  which  nave  been  assigned 
for  the  non-union  are :  (1)  that  in  attempting  passive  motion  of  the  elbow-joint  to  overcome 
any  rigidity  which  may  exist,  the  movement  does  not  take  place  at  the  articulation,  but  at  the 
Kat  of  fracture ;  or  that  the  patient,  in  consequence  of  the  rigidity  of  the  elbow,  in  attempting 
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to  flex  or  extend  the  forearm  moves  the  fragment  and  not  the  joint.  (2)  The  presence  of  small 
portions  of  muscular  tissue  between  the  broken  ends.  (3)  Want  of  support  to  the  elbow,  so 
that  the  weight  of  the  arm  tends  to  drag  the  lower  fragment  away  from  the  upper.  An  import- 
ant distinction  to  make  in  fractures  or  the  lower  end  of  the  humerus  is  between  those  that 
involve  the  joint  and  those  which  do  not ;  the  former  always  serious,  as  they  ma^  lead  to 
impairment  of  the  utility  of  the  limb.  Thev  include  the  T-shaped  fracture  and  oblique  frac- 
tures which  involve  the  articular  surface.  The  fractures  which  do  not  involve  the  joint  are  the 
transverse  above  the  condyles  and  detachment  of  one  or  other  condyle. 

Under  the  head  of  separation  of  the  epiphysis  two  separate  ii\juries  have  been  described. 
One  where  the  whole  of  the  four  ossific  centres  which  form  the  lower  extremity  of  tlie  bone  are 
separated  from  the  shafl ;  and  secondly,  where  the  articular  portion  is  alone  separated,  the  two 
condvles  remaining  attached  to  the  shall  of  the  bone.  The  epiphysial  line  between  the  shaft 
and  lower  end  runs  across  the  bone  iust  above  the  tips  of  the  condyles,  a  point  to  be  borne  in 
mind  in  performing  the  operation  of  excision. 

Tumors  originating  from  the  humerus  are  of  fr^uent  occurrence.  A  not  uncommon  place 
for  a  chondroma  to  grow  frx)m  is  the  shaft  of  the  bone  somewhere  in  the  neighborhood  oi  the 
insertion  of  the  deltoid.     Sarcomata  frequently  grow  from  this  bone. 

THEFOBEABM. 

The  Foreann  is  that  portion  of  the  upper  extremity  which  is  situated  between 
the  elbow  and  the  wrist.     It  is  composed  of  two  boties,  the  ulna  and  radius. 

The  Ulna. 

The  Ulna  (Figs.  200,  201),  so  called  from  its  forming  the  elbow  {(oXi\f7j\  is  a 
long  bone,  prismatic  in  form,  placed  at  the  inner  side  of  the  forearm,  parallel  with 
the  radius.  It  is  the  larger  and  longer  of  the  two  bones.  Its  upper  extremity,  of 
great  thickness  and  strength,  forms  a  large  part  of  the  articulation  of  the  elbow- 
joint  ;  it  diminishes  in  size  from  above  downward,  its  lower  extremity  being  very 
small,  and  excluded  from  the  wrist-joint  by  the  interposition  of  an  interarticular 
fibro-cartilage.     It  is  divisible  into  a  shaft  and  two  extremities. 

The  Upper  Extremity,  the  strongest  part  of  the  bone,  presents  for  examination 
two  large,  curved  processes,  the  Olecranon  process  and  the  Coronoid  process ;  and 
two  concave,  articular  cavities,  the  greater  and  lesser  sigmoid  cavities. 

The  Olecranon  Process  {ihXivjj^  elbow ;  xpaviov^  head)  is  a  large,  thick,  curved 
eminence  situated  at  the  upper  and  back  part  of  the  ulna.  It  is  curved  forward 
at  the  summit  so  as  to  present  a  prominent  tip,  its  base  being  contracted  where 
it  joins  the  shaft.  This  is  the  narrowest  part  of  the  upper  end  of  the  ulna, 
and,  consequently,  the  most  usual  seat  of  fracture.  The  posterior  surface  of  the 
olecranon,  directed  backward,  is  triangular,  smooth,  subcutaneous,  and  covered 
by  a  bursa.  Its  upper  surface,  directed  upward,  is  of  a  quadrilateral  form,  marked 
behind  by  a  rough  impression  for  the  attachment  of  the  Triceps  muscle ;  and  in 
front,  near  the  margin,  by  a  slight  transverse  groove  for  the  attachment  of  part  of 
the  posterior  ligament  of  the  elbow-joint.  Its  anterior  surface  is  smooth,  concave, 
covered  with  cartilage  in  the  recent  state,  and  forms  the  upper  and  back  part  of 
the  great  sigmoid  cavity.  The  lateral  borders  present  a  continuation  of  the  same 
groove  that  was  seen  on  the  margin  of  the  superior  surface ;  they  serve  for  the 
attachment  of  ligaments;  viz.  the  back  part  of  the  internal  lateral  ligament 
internally,  the  posterior  ligament  externally.  To  the  inner  border  is  also  attached 
a  part  of  the  Flexor  carpi  ulnaris,  while  to  the  outer  border  is  attached  the 
Anconeus. 

The  Coronoid  Process  (xopwDfj,  anything  hooked  like  a  crow's  beak)  is  a  rough, 
triangular  eminence  of  bone  which  projects  horizontally  forward  from  the  upper 
and  front  part  of  the  ulna,  forming  the  lower  part  of  the  great  sigmoid  cavity. 
Its  base  is  continuous  with  the  shaft,  and  of  considerable  strength ;  so  much  so 
that  fracture  of  it  is  an  accident  of  rare  occurrence.  Its  apex  is  pointed,  slightly 
curved  upward,  and  received  into  the  coronoid  depression  of  the  humerus  in 
flexion  of  the  forearm.  Its  upper  surface  is  smooth,  concave,  and  forms  the 
lower  part  of  the  greater  sigmoid  cavity.  The  under  surface  is  concave,  and 
marked  internally  by  a  rough  impression  for  the  insertion  of  the  Brachialis  anticus. 
At  the  junction  of  this  surface  with  the  shaft  is  a  rough  eminence,  the  tubercle  of 
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Fig.  a».— Boneaoftheleft  forenrm.    Anterior  a 
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the  ulna,  for  the  attachment  of  the  oblique  ligament.  Its  outer  surface  presents  a 
narrow,  oblong,  articular  depression,  the  lesser  sigmoid  cavity.  The  inner  surface, 
by  its  prominent,  free  margin,  serves  for  the  attachment  of  part  of  the  internal 
lateral  ligament.  At  the  front  part  of  this  surface  is  a  small,  rounded  eminence 
for  the  attachment  of  one  head  of  the  Flexor  sublimis  digitorum ;  behind  the 
eminence,  a  depression  for  part  of  the  origin  of  the  Flexor  profundus  digitorum ; 
and,  descending  from  the  eminence,  a  ridge  which  gives  attachment  to  one  head 
of  the  Pronator  radii  teres.  Generally,  the  Flexor  longus  pollicis  arises  from  the 
lower  part  of  the  coronoid  process  by  a  rounded  bundle  of  muscular  fibres. 

The  Qreater  Sigrnioid  Cavity,  so  called  from  its  resemblance  to  the  old  shape  of 
the  Greek  letter  2\  is  a  semilunar  depression  of  large  size,  formed  by  the  olecranon 
and  coronoid  processes,  and  serving  for  articulation  with  the  trochlear  surface  of 
the  humerus.  About  the  middle  of  either  lateral  border  of  this  cavity  is  a  notch 
which  contracts  it  somewhat,  and  serves  to  indicate  the  junction  of  the  two 
processes  of  which  it  is  formed.  The  cavity  is  concave  from  above  downward, 
and  divided  into  two  lateral  parts  by  a  smooth,  elevated  ridge  which  runs  from  the 
summit  of  the  olecranon  to  the  tip  of  the  coronoid  process.  Of  these  two  portions, 
the  internal  is  the  larger,  and  is  slightly  concave  transversely ;  the  external  por- 
tion is  convex  above,  slightly  concave  below.  The  articular  surface,  in  the  recent 
state,  is  covered  with  a  thin  layer  of  cartilage. 

The  Lesser  Sigrmoid  Cavity  is  a  narrow,  oblong,  articular  depression,  placed  on 
the  outer  side  of  the  coronoid  process,  and  serving  for  articulation  with  the  head 
of  the  radius.  It  is  concave  from  before  backward,  and  its  extremities,  which 
are  prominent,  serve  for  the  attachment  of  the  orbicular  ligament.  In  the  recent 
state  it  is  covered  with  a  thin  layer  of  cartilage. 

The  Shaft,  at  its  upper  part,  is  prismatic  in  form,  and  curved  from  behind 
forward  and  from  without  inward,  so  as  to  be  convex  behind  and  externally ;  its 
central  part  is  quite  straight ;  its  lower  part  rounded,  smooth,  and  bent  a  little 
outward ;  it  tapers  gradually  from  above  downward,  and  presents  for  examination 
three  borders  and  three  surfaces. 

The  anterior  border  commences  above  at  the  prominent  inner  angle  of  the  coro- 
noid process,  and  terminates  below  in  front  of  the  styloid  process.  It  is  well  marked 
above,  smooth  and  rounded  in  the  middle  of  its  extent,  and  affords  attachment  to 
the  Flexor  profundus  digitorum :  its  lower  fourth,  marked  off  from  the  rest  of  the 
border  by  the  commencement  of  an  oblique  ridge  on  the  anterior  surface,  serves 
for  the  attachment  of  the  Pronator  quadratus.  It  separates  the  anterior  from  the 
internal  surface. 

The  poBterior  border  commences  above  at  the  apex  of  the  triangular  subcuta- 
neous surface  at  the  back  part  of  the  olecranon,  and  terminates  below  at  the  back 
part  of  the  styloid  process ;  it  is  well  marked  in  the  upper  three-fourths,  and 
gives  attachment  to  an  aponeurosis  common  to  the  Flexor  carpi  ulnaris,  the 
Extensor  carpi  ulnaris,  and  the  Flexor  profundus  digitorum  muscles ;  its  lower 
fourth  is  smooth  and  rounded.  This  border  separates  the  internal  from  the 
posterior  surface. 

The  external  or  interoBseous  border  commences  above  by  two  lines,  which  con- 
verge one  from  each  extremity  of  the  lesser  sigmoid  cavity,  enclosing  between  them 
a  triangular  space  for  the  attachment  of  part  of  the  Supinator  brevis,  and  terminates 
below  at  the  middle  of  the  head  of  the  ulna.  Its  two  middle  fourths  are  very  pro- 
minent, its  lower  fourth  is  smooth  and  rounded.  This  border  gives  attachment  to 
the  interosseous  membrane,  except  along  its  upper  fourth,  and  separates  the  anterior 
from  the  posterior  surface. 

The  anterior  surface,  much  broader  above  than  below,  is  concave  in  the  upper 
three-fourths  of  its  extent,  and  affords  attachment  to  the  Flexor  profundus  digi- 
torum; its  lower  fourth,  also  concave,  to  the  Pronator  quadratus.  The  lower 
fourth  is  separated  from  the  remaining  portion  of  the  bone  by  a  prominent  ridge, 
directed  obliquely  from  above  downward  and  inward ;  this  ridge  (the  oblique  or 
Pronator  ridge)  marks  the  extent  of  attachment  of  the  Pronator  quadratus  above. 
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At  the  junction  of  the  upper  with  the  middle  third  of  the  bone  is  the  nutrient 
canal  directed  obliquely  upward  and  inward. 

The  posterior  surfoce,  directed  backward  and  outward,  is  broad  and  concave 
above,  somewhat  narrower  and  convex  in  the  middle  of  its  course,  narrow,  smooth, 
and  rounded  below.  It  presents,  above,  an  oblique  ridge,  which  runs  from  the 
poBteriorextremity  of  the  lesser  sigmoid  cavity,  downward  to  the  posterior  border  ; 
the  triangular  surface  above  this  ridge  receives  the  insertion  of  the  Anconeus 
muscle,  whilst  the  ridge  itself  affords  attachment  to  the  Supinator  brevis.  The 
surface  of  bone  below  this  is  subdivided  by  a  longitudinal  ridge,  sometimes  called 
the  perpendicular  line,  into  two  parts :  the  internal  part  is  smooth,  concave,  and 
gives  origin  to  (occasionally  is  merely  covered  by)  the  Extensor  carpi  ulnaris;  the 
external  portion,  wider  and  rougher,  gives  attachment  from  above  downward  to 
part  of  the  Supinator  brevis.  the  Extensor  ossis  metacarpi  poUicis,  the  Extensor 
longus  pollicis,   and  the  Extensor  indicis  muscles. 

The  internal  surface  is  broad  and  concave  above,  narrow  and  convex  below. 
It  gives  attachment  by  its  upper  three-fourths  to  the  Flexor  profundus  digttorum 
muscle  :  its  lower  fourth  is  subcutaneous. 

The  Lower  Extremity  of  the  ulna  is  of  small  size,  and  excluded  from  the  artic- 
ulation of  the  wrist-joint.  It  presents  for  examination  two  eminences,  the  outer 
and  larger  of  which  is  a  rounded,  articular  eminence,  termed  the  head  of  the  ulna, 
the  inner,  narrower  and  more  projecting,  is  a  n'on-articular  eminence,  the  ntyhid 
process.  The  head  presents  an  articular  facet,  part  of  which,  of  an  oval  form,  is 
directed  downward,  and  articulates  with  the  upper  surface  of  the  interarticular 
fibro-cartilage  which  separates  it  from  the  wrist-joint;  the  remaining  portion, 
directed  outward,  is  narrow,  convex,  and  received  into  the  sigmoid  cavity  of  the 
radius.  The  styloid  process  projects  from  the  inner  and  back  part  of  the  bone,  and 
descends  a  little  lower  than  the  head,  terminating  in  a  rounded  summit,  which 
affords  attachment  to  the  internal  lateral  ligament  of  the  wrist.  The  head  is 
separated  from  the  styloid  process,  by  a  depression  for  the  attachment  of  the 
^^  triangular  interarticular  fibro-cartilage ;  and  behind. 

Apptan  gi^^fl  1^     by  a  shallow  groove  for  the  passage  of  the  tendon  of 

""*  ***  1  ytar.        the  Extensor  carpi  ulnaris. 

atmctnre.— Similar  to  that  of  the  other  long  bones. 
Development. — By  three  centres  ;  one  for  the  shaft, 
one  for  the  inferior  extremity,  and  one  for  the  olec- 
ranon (Fig-  202).  Ossification  commences  near  the 
middle  of  the  shaft  about  the  eighth  week,  and  soon 
extends  through  the  greater  part  of  the  bone.  At 
birth  the  ends  are  cartilaginous.  About  the  fourth 
year  a  separate  osseous  nucleus  appears  in  the  middle 
of  the  head,  which  soon  extends  into  the  styloid  pro- 
cess. About  the  tenth  year  ossific  matter  appears  in 
the  olecranon  near  its  extremity,  the  chief  part  of 
this  process  being  formed  from  an  extension  of  the 
shaft  of  the  bone  into  it.  At  about  the  sixteenth 
year  the  upper  epiphysis  becomes  joined,  and  at 
about  the  twentieth  year  the  lower  one. 

Articulations. — With  the  humerus  and  radius. 

Attachment    of   Mnsclea. — To   sixteen:    to    the 

olecranon,  the  Triceps,  Anconeus,  and  one  head  of 

■*S^^,  J^*^       the  Flexor  carpi  ulnaris.     To  the  coronoid  process. 

the  Brachialis  anticus.  Pronator  ra<lii  teres.  Flexor 

suhlimis  digilorum,  and  Flexor  profundus  digitorum ; 

generally  also  the  Flexor,  longus  pollicis.     To   the 

shaft,  the  Flexor  profundus. digitorum,  Pronator  quad- 

ratus,  Flexor  carpi  ulnaris.  Extensor  carpi  ulnaris.  Anconeus,  Supinator  brevis, 

Extensor  ossis  metacarpi  pollicis,  Extensor  longus  pollicis,  and  Extensor  indicis. 
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Surface  Form. — ^The  most  prominent  part  of  the  ulna  on  the  surface  of  the  body  is  the 
olecranon  proeeas,  which  can  always  be  felt  at  the  back  of  the  elbow-joint.  When  the  fore- 
arm is  flexed  the  upper  triangular  surface  can  be  felt,  directed  backward ;  during  extension  it 
recedes  into  the  olecranon  rossa,  and  the  contracting  fibres  of  the  triceps  prevent  its  being 
(leiyeired.  At  the  back  of  the  olecranon  is  the  smooth,  triangular,  subcutaneous  surface, 
which  below  is  continuous  with  the  posterior  border  of  the  shaft  of  the  bone ;  this  is  to 
be  felt  in  every  position  of  the  joint.  During  extension  the  upper  border  of  the  olecranon  is 
slightlv  above  the  level  of  the  internal  condyle,  and  the  process  itself  is  nearer  to  this  condyle 
than  the  outer  one.  Running  down  the  back  of  the  forearm,  from  the  apex  of  the  triangular 
surface  which  forms  the  posterior  surface  of  the  olecranon,  is  a  prominent  ridge  of  bone,  the 
post^or  border  of  the  ulna.  This  is  to  be  felt  throughout  the  entire  length  of  the  shaft  of  the 
boDe,  from  the  olecranon  above  to  the  styloid  process  below.  As  it  passes  down  the  forearm  it 
pursues  a  sinuous  course  and  inclines  to  the  inner  side,  so  that,  though  it  is  situated  in  the 
middle  of  the  back  of  the  limb  above,  it  is  on  the  inner  side  of  the  wrist  at  its  termination.  It 
becomes  rounded  off  in  its  lower  third,  and  may  be  traced  below  to  the  small,  subcutaneous  sur- 
face of  the  styloid  i}rocess.  Internal  to  this  border  the  lower  fourth  of  the  internal  surface  is  to 
be  felt.  The  styloid  process  is  to  be  felt  as  a  prominent  tubercle  of  bone,  continuous  above 
with  the  posterior  subcutaneous  border  of  the  ulna,  and  terminating  below  in  a  blunt  apex, 
which  lies  a  little  internal  and  behind,  but  on  a  level  with,  the  wrist-jomt  The  styloid  process 
is  best  felt  when  the  hand  is  in  the  same  line  as  the  bones  of  the  forearm,  and  in  a  position 
midway  between  supination  and  pronation.  If  the  forearm  is  pronated  while  the  finger  is 
placed  on  the  process,  it  will  be  felt  to  recede,  and  another  prominence  of  bone  will  appear  just 
external  and  above  it.  This  is  the  head  of  the  ulna,  which  articulates  with  the  lower  end  of  the 
xadius  and  the  triangular  interarticular  fibro-cartila^e,  and  now  projects  between  the  tendons  of 
the  £xtensor  carpi  ulnaris  and  the  Extensor  minimi  digiti  muscles. 

The  Radius. 

The  Badius  (radius^  a  ray,  or  spoke  of  a  wheel)  is  situated  on  the  outer  side  of 
the  forearm,  lying  side  by  side  with  the  ulna,  which  exceeds  it  in  length  and  size. 
Ii5  upper  end  is  small,  and  forms  only  a  small  part  of  the  elbow-joint ;  but  its 
lower  end  is  large,  and  forms  the  chief  part  of  the  wrist.  It  is  one  of  the  long 
bones,  prismatic  in  form,  slightly  curved  longitudinally,  and,  like  other  long  bones, 
has  a  shaft  and  two  extremities. 

The  Upper  Extremity  presents  a  head,  neck,  and  tuberosity.  The  head  is  of  a 
cylindrical  form,  depressed  on  its  upper  surface  into  a  shallow  cup  which  articulates 
with  the  capitellum  or  radial  head  of  the  humerus.  In  the  recent  state  it  is  covered 
with  a  layer  of  cartilage  which  is  thinnest  at  its  centre.  Around  the  circumference 
of  the  head  is  a  smooth,  articular  surface,  broad  internally  where  it  articulates  with 
the  lesser  sigmoid  cavity  of  the  ulna ;  narrow  in  the  rest  of  its  circumference,  where 
it  rotates  within  the  orbicular  ligament.  It  is  coated  with  cartilage  in  the  recent 
state.  The  head  is  supported  on  a  round,  smooth,  and  constricted  portion  of  bone, 
called  the  neck^  which  presents,  behind,  a  slight  ridge,  for  the  attachment  of  part 
of  the  Supinator  brevis.  Beneath  the  neck,  at  the  inner  and  front  aspect  of  the 
bone,  is  a  rough  eminence,  the  bicipital  tuberosity.  Its  surface  is  divided  into  two 
parts  by  a  vertical  line — a  posterior,  rough  portion,  for  the  insertion  of  the  tendon 
of  the  Biceps  muscle ;  and  an  anterior,  smooth  portion,  on  which  a  bursa  is 
interposed  between  the  tendon  and  the  bone. 

The  Shaft  of  the  bone  is  prismoid  in  form,  narrower  above  than  below,  and 
shghtly  curved,  so  as  to  be  convex  outward.  It  presents  three  surfaces,  separated 
bv  three  borders. 

The  anterior  border  extends  from  the  lower  part  of  the  tuberosity  above  to  the 
anterior  part  of  the  base  of  the  styloid  process  below.  It  separates  the  anterior 
from  the  external  surface.  Its  upper  third  is  very  prominent;  and  from  its 
oblique  direction,  downward  and  outward,  has  received  the  name  of  the  oblique 
Une  of  the  radius.  It  gives  attachment  externally  to  the  Supinator  brevis, 
internally  to  the  Flexor  longus  pollicis,  and  between  these  to  the  Flexor  sublimis 
digitonim.  The  middle  third  of  the  anterior  border  is  indistinct  and  rounded.  Its 
lower  fourth  is  sharp,  prominent,  affords  attachment  to  the  Pronator  quadratus,  and 
terminates  in  a  small  tubercle,  into  which  is  inserted  the  tendon  of  the  Supinator 
longns. 

The  posterior  border  commences  above  at  the  back  part  of  the  neck  of  the 
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radius,  and  terminates  below  at  the  posterior  part  of  the  base  of  the  styloid  process ; 
it  separates  the  posterior  from  the  external  surface.  It  is  indistinct  above  and  below, 
but  well  marked  in  the  middle  third  of  the  bone. 

The  internal  or  interosseous  border  commences  above  at  the  back  part  of  the 
tuberosity,  where  it  is  rounded  and  indistinct,  becomes  sharp  and  prominent  as 
it  descends,  and  at  its  lower  part  divides  into  two  ridges,  which  descend  to  the 
anterior  and  posterior  margins  of  the  sigmoid  cavity.  This  border  separates  the 
anterior  from  the  posterior  surface,  and  has  the  interosseous  membrane  attached 
to  it  throughout  the  greater  part  of  its  extent. 

The  anterior  surface  is  narrow  and  concave  for  its  upper  three-fourths,  and 
gives  attachment  to  the  Flexor  longus  pollicis  muscle ;  it  is  broad  and  flat  for  its 
lower  fourth,  and  gives  attachment  to  the  Pronator  quadratus.  A  prominent  ridge 
limits  the  attachment  of  the  Pronator  quadratus  below,  and  between  this  and  the 
inferior  border  is  a  triangular  rough  surface  for  the  attachment  of  the  anterior 
ligament  of  the  wrist-joint.  At  the  junction  of  the  upper  and  middle  third  of  this 
surface  is  the  nutrient  foramen,  which  is  directed  obliquely  upward. 

The  posterior  surface  is  rounded,  convex,  and  smooth  in  the  upper  third  of  its 
extent,  and  covered  by  the  Supinator  brevis  muscle.  Its  middle  third  is  broad, 
slightly  concave,  and  gives  attachment  to  the  Extensor  ossis  metacarpi  pollicis 
above,  the  Extensor  brevis  pollicis  below.  Its  lower  third  is  broad,  convex,  and 
covered  by  the  tendons  of  the  muscles,  which  subsequently  run  in  the  grooves  on 
the  lower  end  of  the  bone. 

The  external  surface  is  rounded  and  convex  throughout  its  entire  extent.  Its 
upper  third  gives  attachment  to  the  Supinator  brevis  muscle.  About  its  centre  is 
seen  a  rough  ridge,  for  the  insertion  of  the  Pronator  radii  teres  muscle.  Its  lower 
part  is  narrow,  and  covered  by  the  tendons  of  the  Extensor  ossis  metacarpi  pollicis 
and  Extensor  brevis  pollicis  muscles. 

The  Lower  Extremity  of  the  radius  is  large,  of  quadrilateral  form,  and  provided 
with  two  articular  surfaces — one  at  the  extremity,  for  articulation  with  the  carpus, 
and  one  at  the  inner  side  of  the  bone,  for  articulation  with  the  ulna.  The  carpal 
articular  surface  is  of  triangular  form,  concave,  smooth,  and  divided  by  a  slight 
antero-posterior  ridge  into  two  parts.  Of  these,  the  external  is  large,  of  a  triangular 
form,  and  articulates  with  the  scaphoid  bone ;  the  inner,  smaller  and  quadrilateral, 
articulates  with  the  semilunar.  The  articular  surface  for  the  ulna  is  called  the 
sigmoid  cavity  of  the  radius ;  it  is  narrow,  concave,  smooth,  and  articulates  with 
the  head  of  the  ulna.  The  circumference  of  this  end  of  the  bone  presents  three 
surfaces — an  anterior,  external,  and  posterior.  The  anterior  surface^  rough  and 
irregular,  aflFords  attachment  to  the  anterior  ligament  of  the  wrist-joint.  The 
external  surface  is  prolonged  obliquely  downward  into  a  strong,  conical  projection, 
the  styloid  process^  which  gives  attachment  by  its  base  to  the  tendon  of  the 
Supinator  longus,  and  by  its  apex  to  the  external  lateral  ligament  of  the  wrist- 
joint.  The  outer  surface  of  this  process  is  marked  by  a  flat  groove,  which  runs 
obliquely  downward  and  forward,  and  gives  passage  to  the  tendons  of  the  Extensor 
ossis  metacarpi  pollicis  and  the  Extensor  brevis  pollicis.  The  posterior  surface  is 
convex,  affbrds  attachment  to  the  posterior  ligament  of  the  wrist,  and  is  marked  by 
three  grooves.  Proceeding  from  without  inward,  the  first  groove  is  broad  but 
shallow,  and  subdivided  into  two  by  a  slightly  elevated  ridge:  the  outer  of  these 
two  transmits  the  tendon  of  the  Extensor  carpi  radialis  longior,  the  inner  the 
tendon  of  the  Extensor  carpi  radialis  brevier.  The  second,  which  is  near  the 
centre  of  the  bone,  is  a  deep  but  narrow  groove,  bounded  on  its  outer  side  by  a 
sharply-defined  ridge ;  it  is  directed  obliquely  from  above,  downward  and  outward, 
and  transmits  the  tendon  of  the  Extensor  longus  pollicis.  The  third,  lying  most 
internally,  is  a  broad  groove,  for  the  passage  of  the  tendons  of  the  Extensor  indicis 
and  Extensor  communis  digitorum. 

Structure. — Similar  to  that  of  the  other  long  bones. 

Development  (Fig.  203). — By  three  centres :  one  for  the  shaft  and  one  for  each 
extremity.     That  for  the  shaft  makes  its  appearance  near  the  centre  of  the  bone 
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Head. 
Appears  at^'^^i^^JInitea  with  shaft 


6th  year. 


abatU  puberty. 


Appears  ai_ 
2d  year. 


XJmtes  ^oUh  shaft 
ahouJt  gOth  year. 


Lower  extremity. 

Fig.  203.— Plan  of  the  development  of 
the  radius.    By  three  centres. 


soon  after  the  development  of  the  humerus  commences.  At  hirth  the  shaft  is 
ossified,  but  the  ends  of  the  bone  are  cartilaginous.  About  the  end  of  the  second 
year  ossification  commences  in  the  lower  epiph- 
ysis, and  about  the  fifth  year  in  the  upper  one. 
At  the  age  of  seven  teenoreigh  teen  the  upper  epiph- 
ysis becomes  joined  to  the  shaft,  the  lower  epiph- 
ysis becoming  united  about  the  twentieth  year. 

Articnlation. — With  four  bones:  the  humerus, 
ulna,  scaphoid,  and  semilunar. 

Attachment  of  Muscles. — To  nine:  to  the 
tuberosity,  the  Biceps ;  to  the  oblique  ridge, 
the  Supinator  brevis,  Flexor  sublimis  digitorum, 
and  Flexor  longus  pollicis;  to  the  shaft  (its 
anterior  surface),  the  Flexor  longus  pollicis  and 
Pronator  quadratus ;  (its  posterior  surface),  the 
Extensor  ossis  metacarpi  pollicis  and  Extensor 
brevis  pollicis ;  (its  outer  surface),  the  Pronator 
radii  teres;  and  to  the  styloid  process,  the 
Supinator  longus. 

Surface  Form. — Just  below  and  a  little  in  front  of 
the  posterior  surface  of  the  external  condyle  a  part  of 
the  head  of  the  radius  may  be  felt,  covered  by  the  orbic- 
ular and  external  lateral  ligaments.  There  is  in  this  situ- 
ation a  little  dimple  in  the  skin,  which  is  most  visible 
when  the  arm  is  extended,  and  which  marks  the  posi- 
tion of  the  head  of  the  bone.  If  the  finger  is  placed  on 
this  dimple  and  the  forearm  pronated  and  supinated, 
the  head  of  the  bone  wiD  be  distinctly  perceived  rotating 
in  the  lesser  si^oid  cavity.  The  upper  half  of  the 
shaft  of  the  radius  cannot  be  felt,  as  it  is  surrounded  by 

the  fleshy  bellies  of  the  muscles  arising  from  the  external  condyle.  The  lower  half  of  the  shaft 
can  be  readily  examined,  though  covered  by  tendons  and  muscles  and  not  strictly  subcutaneous. 
If  traced  downward,  the  shaft  will  be  felt  to  terminate  in  a  lozenge-shaped,  convex  surface  on 
the  outer  side  of  the  base  of  the  styloid  process.  This  is  the  only  subcutaneous  part  of  the  bone, 
and  from  its  lower  extremity  the  apex  of  the  styloid  process  will  be  felt  bending  inward  toward 
the  wrist.  About  the  middle  of  the  posterior  aspect  of  the  lower  extremity  of  the  bone  is  a 
well-marked  ridge,  best  perceived  when  the  hand  is  slightly  flexed  on  the  wrist.  It  bounds  the 
oblique  groove  on  the  posterior  surface  of  the  bone,  through  which  the  tendon  of  the  Extensor 
lungus  pollicis  runs,  and  serves  to  keep  that  tendon  in  its  place. 

Surgical  Anatomy. — ^The  two  bones  of  the  forearm  are  more  often  broken  together  than  is 
either  the  radius  or  ulna  separately.  It  is  therefore  convenient  to  consider  the  fractures  of  these 
two  bones  together  in  the  first  instance,  and  subsequently  to  mention  the  principal  fractures 
which  take  place  in  each  bone  individually.  These  fnictures  may  be  produced  by  either  direct 
or  indirect  violence,  though  more  commonly  by  direct  violence.  When  indirect  force  is  applied 
U)  the  forearm  the  radius  generally  alone  gives  way,  though  both  bones  may  suffer.  The 
fracture  from  indirect  force  generally  takes  place  somewhere  about  the  rniddle  of  the  bones : 
fracture  from  direct  violence  may  occur  at  any  part,  more  often,  however,  in  the  lower  half  oi 
the  bone.  The  fracture  is  usually  transverse,  but  may  be  more  or  less  oblique.  A  point  of 
interest  in  connection  with  these  fractures  is  the  tendency  that  there  is  for  the  two  bones  to  unite 
across  the  interosseous  membrane ;  the  limb  should  therefore  be  put  up  in  a  position  midway 
between  supination  and  pronation,  which  is  not  only  the  most  comfortable  position,  but  also  sep- 
arates the  Dones  most  widely  from  each  other,  and  therefore  diminishes  the  risk  of  the  bones 
becoming  united  across  the  interosseous  membrane.  The  splints,  anterior  and  posterior,  which  are 
applied  m  these  cases  should  be  rather  wider  than  the  limo,  so  as  to  prevent  any  lateral  pressure 
on  the  bones.  For  in  these  cases  there  is  a  greater  liability  to  gangrene  from  the  pressure  of  the 
n^lints  than  in  other  parts  of  the  body.  This  is  no  doubt  due  nrinci pally  to  two  causes :  (1) 
the  flexion  of  the  forearm  compressing  to  a  certain  extent  the  bracnial  artery  and  retarding  the 
ft)w  of  blood  to  the  limb ;  and  (2)  the  superficial  position  of  the  two  main  arteries  of  the  forearm 
in  a  part  of  their  course,  and  their  liability  to  be  compressed  by  the  splints.  The  special 
fractures  of  the  ulna  are — (1)  Fracture  of  the  olecranon.  This  may  be  caused  by  direct  violence, 
&llson  the  elbow  with  the  forearm  flexed,  or  by  muscular  action  by  the  sudden  contraction  of 
the  triceps.  The  most  common  place  for  the  fracture  to  occur  is  at  the  constricted  portion 
where  the  olecranon  joins  the  shaft  of  the  bone,  and  the  fracture  may  be  either  transverse  or 
oblique;  but  any  part  may  be  broken,  even  a  thin  shell  may  be  torn  oflF.  Fractures  from  direct 
violence  are  occasionally  comminuted.  The  displacement  is  sometimes  very  slight,  owing  to  the 
fibrous  structures  around  the  process  not  being  torn.    (2)  Fracture  of  the  coronoid  process  some- 
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times  occurs  as  a  complication  of  dislocation  backward  of  the  bones  of  the  forearm,  but  it  is 
doubtful  if  it  ever  occurs  as  an  uncomplicated  injury.  (3)  Fractures  of  the  shaft  of  the  ulna 
may  occur  at  any  part,  but  usually  take  place  at  the  middle  of  the  bone  or  a  little  below  it. 
They  are  almost  always  the  result  of  direct  violence.  (4)  The  styloid  process  may  be  knocked 
oflF  by  direct  violence.  Fractures  of  the  radius  consist  of— ( 1 )  Fracture  of  the  head  of  the  bone ; 
this  generally  occurs  in  conjunction  with  some  other  lesion,  but  may  occur  as  an  uncomplicated 
injury.  (2)  Fracture  of  the  neck  may  also  take  place,  but  is  generally  complicated  with  other 
injury.  (3)  Fractures  of  the  shaft  of  the  radius  are  very  common,  and  may  take  place  at  an}'^ 
part  of  the  bone.  They  may  take  place  from  either  direct  or  indirect  violence.  (4)  The  most 
important  fracture  of  the  radius  is  that  of  the  lower  end  (Colics' s  fracture).  The  fracture  is 
transverse^  and  generally  takes  place  about  an  inch  from  the  lower  extremity.  It  is  caused  by 
falls  on  the  palm  of  the  hand,  and  is  an  iiy  ury  of  advanced  life,  occurring  more  frequently  in  the 
female  than  the  male.  In  consequence  or  the  manner  in  which  the  fracture  is  caused,  the  upiier 
fragment  becomes  driven  into  the  lower,  and  impaction  is  the  result ;  or  else  the  lower  fragment 
becomes  split  up  into  two  or  more  pieces,  so  that  no  fixation  occurs.  Separation  of  the  lower 
epiphysis  of  the  radius  may  take  place  in  the  young.  This  injury  and  Colles's  fracture  may  be 
distinguished  from  other  irguries  in  this  neighborhood — especially  dislocation,  with  which  it  is 
liable  to  be  confounded — by  observing  the  relative  positions  of  the  styloid  processes  of  the  ulna 
and  radius.  In  the  natural  condition  of  parts,  with  the  arm  hanging  by  the  side,  the  styloid  pro- 
cess of  the  radius  is  on  a  lower  level  than  that  of  the  ulna;  that  is  to  say,  nearer  the  ground. 
After  fracture  or  separation  of  the  epiphysis  this  process  is  on  the  same  or  higher  level  than  that 
of  the  ulna,  whereas  it  would  be  unaltered  in  position  in  dislocation. 

THE  HAND. 

The  skeleton  of  the  Hand  is  subdivided  into  three  segments — the  Carpus  or 
wrist-bones ;  the  Metacarpus  or  bones  of  the  palm ;  and  the  Phalanges  or  bones 
of  the  fingers. 

The  Carpus. 

The  bones  of  the  Carpus  {xapno^,  the  wrist),  eight  in  number,  are  arranged  in 
two  rows.  Those  of  the  upper  row^,  enumerated  from  the  radial  to  the  ulnar 
side,  are  the  scaphoid,  semilunar,  cuneiform,  and  pisiform  ;  those  of  the  lower 
row,  enumerated  in  the  same  order,  are  the  trapezium,  trapezoid,  os  magnum,  and 
unciform. 

Common  Characters  of  the  Carpal  Bones. 

Each  bone  (excepting  the  pisiform)  presents  six  surfaces.  Of  these  the  anterior 
or  palmar  and  the  posterior  or  dorsal  are  rough  for  ligamentous  attachment, 
the  dorsal  surface  being  the  broader,  except  in  the  scaphoid  and  semilunar.  The 
superior  or  proximal  and  inferior  or  distal  are  articular,  the  superior  generally 
convex,  the  inferior  concave ;  and  the  internal  and  external  are  also  articular  when 
in  contact  with  contiguous  bones,  otherwise  rough  and  tubercular.  The  structure 
in  all  is  similar,  consisting  of  cancellous  tissue  enclosed  in  a  layer  of  compact  bone. 
Each  bone  is  also  developed  from  a  single  centre  of  ossification. 

Bones  of  the  Upper  Bow  (Figs.  204,  205). 

The  Scaphoid  {axdtpTj,  a  boat ;  ddo(:,  like)  is  the  largest  bone  of  the  first  row. 
It  has  received  its  name  from  its  fancied  resemblance  to  a  boat,  being  broad 
at  one  end,  and  narrowed  like  a  prow  at  the  opposite.  It  is  situated  at  the 
upper  and  outer  part  of  the  carpus,  its  long  axis  being  from  above  downward, 
outward  and  forward.  The  superior  surface  is  convex,  smooth,  of  triangular 
shape,  and  articulates  with  the  lower  end  of  the  radius.  The  h\ferior  surface^ 
directed  downward,  outward,  and  backward,  is  smooth,  convex,  also  triangular, 
and  divided  by  a  slight  ridge  into  two  parts,  the  external  of  which  articulates 
with  the  trapezium,  the  inner  with  the  trapezoid.  The  posterior  or  dorsal  surface 
presents  a  narrow,  rough  groove,  which  runs  the  entire  breadth  of  the  bone  and 
serves  for  the  attachment  of  ligaments.  The  anterior  or  pahnar  surface  is  concave 
above,  and  elevated  at  its  low^er  and  outer  part  into  a  prominent,  rounded  tubercle, 
which  projects  forward  from  the  front  of  the  carpus  and  gives  attachment  to 
the  anterior  annular  ligament  of  the  wrist.  The  external  surface  is  rough  and 
narrow,  and  gives  attachment  to  the  external  lateral  ligament  of  the  wrist.     The 
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j        mfemal  surface  presents  two  articular  facets :  of  these,  the  superior  or  smaller 
one  is   flattened,  of  semilunar   form,  and   articulates  with  the  semilunar;    the 
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mrerior  or  larger  is  concave,  forming,  with  the  semilunar  bone,  a  concavity  for  the 
he«d  of  the  08  magnum. 
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To  ascertain  to  which  side  the  bone  belongs,  hold  it  with  the  superior  or 
radial  convex,  articular,  surface  upward,  and  the  posterior  surface — i.  e,  the  narrow, 
non-articular,  grooved  surface — toward  you.  The  tubercle  on  the  outer  surface 
points  to  the  side  to  which  the  bone  belongs.^ 

Articulations. — With  five  bones:  the  radius  above,  trapezium  and  trapezoid 
below,  OS  magnum  and  semilunar  internally. 

The  Semilunar  («emi,  half;  luna^  moon)  bone  may  be  distinguished  by  its  deep 
concavity  and  crescentic  outline.  It  is  situated  in  the  centre  of  the  upper  row  of 
the  carpus,  between  the  scaphoid  and  cuneiform.  The  superior  surface^  convex, 
smooth,  and  bounded  by  four  edges,  articulates  with  the  radius.  The  inferior 
Burface  is  deeply  concave,  and  of  greater  extent  from  before  backward  than  trans- 
versely :  it  articulates  with  the  head  of  the  os  magnum  and  by  a  long,  narrow 
facet  (separated  by  a  ridge  from  the  general  surface)  with  the  unciform  bone. 
The  anterior  or  palmar  and  posterior  or  dorsal  surfaces  are  rough,  for  the  attach- 
ment of  ligaments,  the  former  being  the  broader  and  of  somewhat  rounded  form. 
The  external  surface  presents  a  narrow,  flattened,  semilunar  facet  for  articulation 
with  the  scaphoid.  The  internal  surface  is  marked  by  a  smooth,  quadrilateral 
facet,  for  articulation  with  the  cuneiform. 

Hold  it  with  the  convex  articular  surface  for  the  radius  upward,  and  the 
narrowest  non-articular  surface  toward  you.  The  semilunar  facet  for  the  scaphoid 
will  be  on  the  side  to  which  the  bone  belongs. 

Articulations. — With  five  bones  :  the  radius  above,  os  magnum  and  unciform 
below,  scaphoid  and  cuneiform  on  either  side. 

The  Cuneiform  (cuneus,  a  wedge ;  forma,  likeness)  may  be  distinguished  by 
its  pyramidal  shape  (os  pyramidal),  and  by  its  having  an  oval,  isolated  facet  for 
articulation  with  the  pisiform  bone.  It  is  situated  at  the  upper  and  inner  side  of 
the  carpus.  The  superior  surface  presents  an  internal,  rough,  non-articular  por- 
tion, and  an  external  or  articular  portion,  which  is  convex,  smooth,  and  articulates 
with  the  triangular  interarticular  fibro-cartilage  of  the  wrist.  The  inferior  sur- 
face, directed  outward,  is  concave,  sinuously  curved,  and  smooth  for  articu- 
lation with  the  unciform.  The  posterior  or  dorsal  surface  is  rough,  for  the  attach- 
ment of  ligaments.  The  aiiterior  or  palmar  surface  presents,  at  its  inner  side,  an 
oval  facet,  for  articulation  with  the  pisiform ;  and  is  rough  externally,  for  liga- 
mentous attachment.  The  external  surface,  the  base  of  the  pyramid,  is  marked 
by  a  flat,  quadrilateral,  smooth  facet,  for  articulation  with  the  semilunar.  The 
internal  surface,  the  summit  of  the  pyramid,  is  pointed  and  roughened,  for  the 
attachment  of  the  internal  lateral  ligament  of  the  wrist. 

Hold  the  bone  with  the  surface  supporting  the  pisiform  facet  away  from 
you,  and  the  concavo-convex  surface  for  the  unciform  downward.  The  base 
of  the  wedge  (/.  e.  the  broad  end  of  the  bone)  will  be  on  the  side  to  which  it 
belongs. 

Articulations. — With  three  bones:  the  semilunar  externally,  the  pisiform  in 
front,  the  unciform  below ;  and  with  the  triangular,  interarticular  fibro-cartilage 
which  separates  it  from  the  lower  end  of  the  ulna. 

The  Pisiform  (pisum,  a  pea  ;  forma,  likeness)  may  be  known  by  its  small  size 
and  by  its  presenting  a  single  articular  facet.  It  is  situated  at  the  anterior  and 
inner  side  of  the  carpus,  is  nearly  circular  in  form,  and  presents  on  its  posterior 
surface  a  smooth,  oval  facet,  for  articulation  with  the  cuneiform.  This  facet 
approaches  the  superior,  but  not  the  inferior,  border  of  the  bone.  The  anterior 
or  palmar  surface  is  rounded  and  rough,  and  gives  attachment  to  the  anterior 
annular  ligament  and  to  the  Flexor  carpi  ulnaris  and  Abductor  minimi  digiti 
muscles.  The  outer  and  inner  surfaces  are  also  rough,  the  former  being  convex, 
the  latter  usually  concave. 

Hold  the  bone  with  the  posterior  surface — that  which  presents  the  articular 

^  ^^  In  these  directions  each  bone  is  supposed  to  be  placed  in  its  natural  position — that  is,  such  a 
position  as  it  would  occupy  when  the  arm  is  hanging  by  the  side,  the  forearm  in  a  position  of  supi- 
nation, the  thumb  being  directed  outward,  and  the  palm  of  the  hand  looking  forwara. 
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facet — toward  you,  in  such  a  manner  that  the  faceted  portion  of  the  surface  is 
uppermost.  The  outer,  convex  sur&ce  will  point  to  the  side  to  which  it 
belongs. 

Articiilfttioiis. — With  one  bone,  the  cuneiform. 


Fio.  20$,— Bonee  of  the  left  hand.    Palmar  aarfttce. 


A.ttochm6Bt  of  UuBcles. — To  two :  the   Flexor   carpi   ulnaris   and  Abductor 
inimi  digiti ;  and  to  the  anterior  annular  ligament. 
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Bones  of  the  Lower  Bow  (Figs.  204,  205). 

The  Trapezium  {rpdrre^a^  a  table)  is  of  very  irregular  form.  It  mav  be  distin- 
guished by  a  deep  groove,  for  the  tendon  of  the  Flexor  carpi  radialis  muscle. 
It  is  situated  at  the  external  and  inferior  part  of  the  carpus,  between  the  scaphoid 
and  first  metacarpal  bone.  The  superior  surface^  concave  and  smooth,  is  directed 
upward  and  inward,  and  articulates  with  the  scaphoid.  The  inferior  surface^ 
directed  downward  and  inward,  is  oval,  concave  from  side  to  side,  convex  from 
before  backward,  so  as  to  form  a  saddle-shaped  surface,  for  articulation  with  the 
base  of  the  first  metacarpal  bone.  The  anterior  or  palmar  surface  is  narrow  and 
rough.  At  its  upper  part  is  a  deep  groove  running  from  above  obliquely  down- 
ward and  inward ;  it  transmits  the  tendon  of  the  Flexor  carpi  radialis,  and  is 
bounded  externally  by  a  prominent  ridge,  the  oblique  ridge  of  the  trapezium. 
This  surface  gives  attachment  to  the  Abductor  pollicis,  Flexor  ossis  metacarpi 
pollicis,  and  Flexor  brevis  pollicis  muscles,  and  the  anterior  annular  ligament. 
The  posterior  or  dorsal  surface  is  rough.  The  external  surface  is  also  broad  and 
rough,  for  the  attachment  of  ligaments.  The  internal  surface  presents  two 
articular  facets :  the  upper  one,  large  and  concave,  articulates  with  the  trapezoid ; 
the  lower  one,  narrow  and  flattened,  with  the  base  of  the  second  metacarpal 
bone. 

Hold  the  bone  with  the  saddle-shaped  surface  downward  and  the  grooved 
surface  away  from  you.  The  prominent,  rough,  non-articular  surface  points  to 
the  side  to  which  the  bone  belongs. 

Articulations. — With  four  bones :  the  scaphoid  above,  the  trapezoid  and  second 
metacarpal  bones  internally,  the  first  metacarpal  below. 

Attachment  of  Muscles. — Abductor  pollicis,  Flexor  ossis  metacarpi  pollicis,  and 
part  of  the  Flexor  brevis  pollicis. 

The  Trapezoid  is  the  smallest  bone  in  the  second  row.  It  may  be  known  by 
its  wedge-shaped  form,  the  broad  end  of  the  wedge  forming  the  dorsal,  the  narrow- 
end  the  palmar,  surface,  and  by  its  having  four  articular  surfaces  touching  each 
other  and  separated  by  sharp  edges.  The  superior  surface^  (juadrilateral  in  form, 
smooth,  and  slightly  concave,  articulates  with  the  scaphoid.  The  inferior  surface 
articulates  with  the  upper  end  of  the  second  metacarpal  bone ;  it  is  convex  from 
side  to  side,  concave  from  before  backward,  and  subdivided  by  an  elevated  ridge 
into  two  unequal  lateral  facets.  The  posterior  or  dorsal  and  anterior  or  palmar 
surfaces  are  rough,  for  the  attachment  of  ligaments,  the  former  being  the  larger 
of  the  two.  The  external  surface^  convex  and  smooth,  articulates  with  the 
trapezium.  The  internal  surface  is  concave  and  smooth  in  front,  for  articulation 
with  the  OS  magnum ;  rough  behind,  for  the  attachment  of  an  interosseous 
ligament. 

Hold  the  bone  with  the  larger,  non-articular  surface  toward  you,  and  the 
smooth,  quadrilateral  articular  surface  upward.  The  convex,  articular  surface 
will  point  to  the  side  to  which  the  bone  belongs.* 

•Articulations. — With  four  bones :  the  scaphoid  above,  second  metacarpal  bone 
below,  trapezium  externally,  os  magnum  internally. 

The  Os  Magnum  is  the  largest  bone  of  the  carpus,  and  occupies  the  centre  of 
the  wrist.  It  presents,  above,  a  rounded  portion  or  head,  which  is  received  into 
the  concavity  formed  by  the  scaphoid  and  seinilunar  bones  ;  a  constricted  portion 
or  neck;  and,  below,  the  body.  The  superior  surface  is  rounded,  smooth,  and 
articulates  with  the  semilunar.  The  inferior  surface  is  divided  by  two  ridges  into 
three  facets,  for  articulation  with  the  second,  third,  and  fourth  metacarpal  bones, 
that  for  the  third  (the  middle  facet)  being  the  largest  of  the  three.  The  posterior 
or  dorsal  surface  is  broad  and  rough ;  the  anterior  or  palmar^  narrow,  rounded, 
and  also  rough,  for  the  attachment  of  ligaments.     The  external  surface  articulates 

^  Occasionally  in  a  badly  marked  bone  there  is  some  difficulty  in  ascertaining  to  which  side  the 
bone  belongs ;  the  following  method  will  sometimes  be  found  useful :  Hold  the  bone  with  its  broader, 
non-articular  surface  upward,  so  that  its  sloping  border  is  directed  toward  you.  The  border  will  slope 
to  the  side  to  which  the  bone  belongs. 
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with  the  trapezoid  by  a  small  facet  at  its  anterior  inferior  angle,  behind  which  is 
a  rough  depression  for  the  attachment  of  an  interosseous  ligament.  Above  this 
is  a  deep  and  rough  groove,  which  forms  part  of  the  neck  and  serves  for  the 
attachment  of  ligaments,  bounded  superiorly  by  a  smooth,  convex  surface,  for 
articulation  with  the  scaphoid.  The  internal  surface  articulates  with  the  unciform 
by  a  smooth,  concave,  oblong  facet  which  occupies  its  posterior  and  superior 
parts,  and  is  rough  in  front,  for  the  attachment  of  an  interosseous  ligament. 

Hold  the  bone  with  the  broader,  non-articular  surface  toward  vou,  and  the 
head  upward.  The  small,  articular  facet  at  the  anterior  inferior  angle  of  the 
external  surface  will  point  to  the  side  to  which  the  bone  belongs. 

Artdcnlations. — With  seven  bones:  the  scaphoid  and  semilunar  above;  the 
second,  third,  and  fourth  metacarpal  below ;  the  trapezoid  on  the  radial  side ;  and 
the  unciform  on  the  ulnar  side. 

Attachment  of  Muscles. — Part  of  the  Adductor  obliquus  pollicis. 

The  Unciform  {uncvs^  a  hook ;  forma^  likeness)  may  be  readily  distinguished 
by  its  wedge-shaped  form  and  the  hook-like  process  that  projects  from  its  palmar 
surface.  It  is  situated  at  the  inner  and  lower  angle  of  the  carpus,  with  its  base 
downward,  resting  on  the  two  inner  metacarpal  bones,  and  its  apex  directed 
upward  and  outward.  The  superior  surface^  the  apex  of  the  wedge,  is  narrow, 
convex,  smooth,  and  articulates  with  the  semilunar.  The  inferior  surface  articu- 
lates with  the  fourth  and  fifth  metacarpal  bones,  the  concave  surface  for  each 
being  separated  by  a  ridge  which  runs  from  before  backward.  The  posterior  or 
domal  surface  is  triangular  and  rough,  for  ligamentous  attachment.  The  anterior 
or  palmar  surface  presents,  at  its  lower  and  inner  side,  a  curved,  hook-like  pro- 
cess of  bone,  the  unciform  process^  directed  from  the  palmar  surface  forward  and 
outward.  It  gives  attachment  by  its  apex  to  the  annular  ligament ;  by  its  inner 
surface  to  the  Flexor  brevis  minimi  digiti  and  the  Flexor  ossis  metacarpi  minimi 
digiti ;  and  is  grooved  on  its  outer  side,  for  the  passage  of  the  Flexor  tendons 
into  the  palm  of  the  hand.  This  is  one  of  the  four  eminences  on  the  front  of  the 
carpus  to  which  the  anterior  annular  ligament  is  attached,,  the  others  being  the 
pisiform  internally,  the  oblique  ridge  of  the  trapezium  and  the  tuberosity  of  the 
scaphoid  externally.  The  internal  surface  articulates  with  the  cuneiform  by  an 
oblong  facet  cut  obliquely  from  above,  downward  and  inward.  The  external  sur- 
face articulates  with  the  os  magnum  by  its  upper  and  posterior  part,  the  remaining 
portion  being  rough,  for  the  attachment  of  ligaments. 

Hold  the  bone  with  the  hooked  process  away  from  you,  and  the  articular  sur- 
face, divided  into  two  parts,  for  the  metacarpal  bones,  downward.  The  concavity 
of  the  process  will  be  on  the  side  to  which  the  bone  belongs. 

Articnlations. — With  five  bones:  the  semilunar  above,  the  fourth  and  fifth 
metacarpal  below,  the  cuneiform  internally,  the  os  magnum  externally. 

Attachment  of  Muscles. — To  three :  the  Flexor  brevis  minimi  digiti,  the  Flexor 
ossis  metacarpi  minimi  digiti,  the  Flexor  carpi  ulnaris ;  and  to  the  anterior  annular 
ligament. 

The  Metacarpus. 

The  Metacarpal  Bones  are  five  in  number :  they  are  long,  cylindrical  bones, 
presenting  for  examination  a  shaft  and  two  extremities. 

Oommon  Characters  of  the  Metacarpal  Bones. 

The  Shaft  is  prismoid  in  form  and  curved  longitudinally,  so  as  to  be  convex  in 
the  longitudinal  direction  behind,  concave  in  front.  It  presents  three  surfaces : 
two  lateral  and  one  posterior.  The  lateral  surfaces  are  concave,  for  the  attach- 
ment of  the  Interossei  muscles,  and  separated  from  one  another  by  a  prominent 
line.  The  posterior  or  dorsal  surface  presents  in  its  distal  half  a  smooth, 
triangular,  flattened  area  which  is  covered,  in  the  recent  state,  by  the  tendons  of 
the  Extensor  muscles.  This  triangular  surface  is  bounded  by  two  lines,  which 
commence  in  small  tubercles  situated  on  the  dorsal  aspect  of  either  side  of  the 
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digital  extremity,  and,  running  backward,  converge  to  meet  together  a  little 
behind  the  centre  of  the  bone  and  form  a  ridge  which  runs  along  the  rest  of  the 
dorsal  surface  to  the  carpal  extremity.  This  ridge  separates  two  lateral,  sloping 
surfaces  for  the  attachment  of  the  Dorsal  interossei  muscles.^  To  the  tubercles 
on  the  digital  extremities  are  attached  the  lateral  ligaments  of  the  metacarpo- 
phalangeal joints. 

The  carpal  extremity,  or  base,  is  of  a  cuboidal  form,  and  broader  behind  than 
in  front;  it  articulates  above  with  the  carpus,  and  on  each  side  with  the  adjoining 
metacarpal  bones  ;  its  dorsal  and  palmar  surfaces  are  rough,  for  the  attachment  of 
tendons  and  ligaments. 

The  digital  extremity,  or  head,  presents  an  oblong  surface,  flattened  at  each 
side ;  it  articulates  with  the  proximal  phalanx  ;  it  is  broader  and  extends  farther 
forward  in  front  than  behind,  and  is  longer  in  the  antero-posterior  than  in  the 
transverse  diameter.  On  either  side  of  tne  head  is  a  tubercle  for  the  attachment 
of  the  lateral  ligament  of  the  metacarpo-phalangeal  joint.  The  posterior  surface^ 
broad  and  flat,  supports  the  Extensor  tendons ;  the  anterior  surface  is  grooved  in 
the  middle  line  for  the  passage  of  the  Flexor  tendons,  and  marked  on  each  side  by 
an  articular  eminence  continuous  with  the  terminal  articular  surface. 

Peculiar  Characters  of  the  Metacarpal  Bones. 

The  metacarpal  bone  of  the  thumb  is  shorter  and  w4der  than  the  rest,  diverges 
to  a  greater  degree  from  the  carpus,  and  its  palmar  surface  is  directed  inward 
toward  the  palm.  The  shaft  is  flattened  and  broad  on  its  dorsal  aspect,  and 
does  not  present  the  ridge  which  is  found  on  the  other  metacarpal  bones ;  it  is 
concave  from  before  backward  on  its  palmar  surface.  The  carpal  extremity^ 
or  base,  presents  a  concavo-convex  surface,  for  articulation  with  tne  trapezium ; 
it  has  no  lateral  facets.  The  digital  extremity  is  less  convex  than  that  of  the 
other  metacarpal  bones,  broader  from  side  to  side  than  from  before  backward,  and 
terminates  anteriorly  in  a  small  articular,  eminence  on  each  side,  over  which  play 
two  sesamoid  bones. 

The  side  to  which  this  bone  belongs  may  be  known  by  observing  the  little 
prominence  which  is  situated  on  the  outer  or  radial  side  of  its  posterior  surface  just 
above  the  base,  for  the  tendon  of  the  Extensor  ossis  metacarpi  pollicis.  If  the 
bone  is  held  with  the  palmar  surface  upward  and  the  base  toward  the  student, 
the  prominence  will  point  to  the  side  to  which  the  bone  belongs.  Another  means 
by  which  the  side  to  which  the  bone  belongs  may  be  ascertained  is  by  holding  it 
in  the  position  it  occupies  in  the  hand,  with  the  carpal  extremity  upward  and  the 
dorsal  surface  backward ;  the  narrower,  radial  border  will  point  to  the  side  to 
which  it  belongs. 

The  metacarpal  bone  of  the  index  finger  is  the  longest  and  its  base  the  largest 
of  the  other  four.  Its  carpal  extremity  is  prolonged  upward  and  inward,  forming 
a  prominent  ridge.  The  dorsal  and  palmar  surfaces  of  this  extremity  are  rough, 
for  the  attachment  of  tendons  and  ligaments.  It  presents  four  articular  facets : 
three  on  the  upper  aspect  of  the  base :  the  middle  one  of  the  three  is  the  largest, 
concave  from  side  to  side,  convex  from  before  backward,  for  articulation  with  the 
trapezoid  ;  the  external  one  is  a  small,  flat,  quadrilateral  facet,  for  articulation  with 
the  trapezium ;  the  internal  one  on  the  summit  of  the  ridge  is  long  and  narrow, 
for  articulation  with  the  os  magnum.  The  fourth  facet  is  on  the  inner  or  ulnar 
side  of  the  extremity  of  the  bone,  and  is  for  articulation  with  the  third  metacarpal 
bone. 

The  side  to  which  this  bone  belongs  is  indicated  by  the  absence  of  the  lateral 
facet  on  the  outer  (radial)  side  of  its  base,  so  that  if  the  bone  is  placed  with  its 
base  toward  the  student  and  the  palmar  surface  upward,  the  side  on  which  there 
is  no  lateral  facet  will  be  that  to  which  it  belongs. 

^  By  thase  sloping  surfaces  the  metacarpal  bones  of  the  hand  may  be  at  once  differentiated  from 
those  of  the  foot. 
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The  metacarpal  bone  of  the  middle  finger  is  a  little  smaller  than  the  preceding : 
it  presents  a  pyramidal  eminence  (the  styloid  process)  on  the  radial  side  of  its 
base  (dorsal  aspect)  which  extends  upward  behind  the  os  magnum.  The  carpal, 
articular  facet  is  concave  behind,  flat  in  front,  and  articulates  with  the  os  magnum. 
On  the  radial  side  is  a  smooth,  concave  facet,  for  articulation  with  the  second 
metacarpal  bone,  and  on  the  ulnar  side  two  small,  oval  facets,  for  articulation  with 
the  fourth  metacarpal. 

The  side  to  which  this  bone  belongs  is  easily  recognized  by  the  styloid  pro- 
cess on  the  radial  side  of  its  base.  With  the  palmar  surface  uppermost  and  the 
base  toward  the  student,  this  process  points  toward  the  side  to  which  the  bone 
belongs. 

The  metacarpal  bone  of  the  ring  finger  is  shorter  and  smaller  than  the  preced- 
ing, and  its  base  small  and  quadrilateral ;  the  carpal  surface  of  the  base  present- 
ing two  facets,  for  articulation  with  the  unciform  and  os  magnum.  On  the  radial 
side  are  two  oval  facets,  for  articulation  with  the  third  metacarpal  bone ;  and  on 
the  ulnar  side  a  single  concave  facet,  for  the  fifth  metacarpal. 

If  this  bone  is  placed  with  the  base  toward  the  student  and  the  palmar  surface 
upward,  the  radial  side  of  the  base,  which  has  two  facets  for  articulation  with  the 
third  metacarpal  bone,  will  be  on  the  side  to  which  it  belongs.  If,  as  sometimes 
happens  in  badly-marked  bones,  one  of  these  facets  is  indistinguishable,  the  side 
may  be  known  by  selecting  the  surface  on  which  the  larger  articular  facet  is  present. 
This  facet  is  for  the  fifth  metacarpal  bone,  and  would  therefore  be  situated  on  the 
ulnar  side  ;  that  is,  the  one  to  which  the  bone  does  not  belong. 

The  metacarpal  bone  of  the  little  finger  presents  on  its  base  one  facet,  which 
is  concavo-convex,  and  which  articulates  with  the  unciform  bone,  and  one  lateral, 
articular  facet,  which  articulates  with  the  fourth  metacarpal  bone.  On  its  ulnar 
side  is  a  prominent  tubercle,  for  the  insertion  of  the  tendon  of  the  Extensor  carpi 
nlnaris.  The  dorsal  surface  of  the  shaft  is  marked  by  an  oblique  ridge  which 
extends  from  near  the  ulnar  side  of  the  upper  extremity  to  the  radial  side  of 
the  lower.  The  outer  division  of  this  surface  serves  for  the  attachment  of  the 
Fourth  dorsal  interosseous  muscle ;  the  inner  division  is  smooth  and  covered  by 
the  Extensor  tendons  of  the  little  finger. 

If  this  bone  is  placed  with  its  base  toward  the  student  and  its  palmar  surface 
upward,  the  side  of  the  head  which  has  a  lateral  facet  will  be  that  to  which  the 
bone  belongs. 

ArticnlationB. — Besides  the  phalangeal  articulations,  the  first  metacarpal  bone 
articulates  with  the  trapezium ;  the  second  with  the  trapezium,  trapezoid,  os 
magnum,  and  third  metacarpal  bones ;  the  third  with  the  os  magnum  and  second 
and  fourth  metacarpal  bones ;  the  fourth  with  the  os  magnum,  unciform,  and 
third  and  fifth  metacarpal  bones ;  and  the  fifth  with  the  unciform  and  fourth 
metacarpal. 

The  first  has  no  lateral  facets  on  its  carpal  extremity ;  the  second  has  no 
lateral  facet  on  its  radial  side,  but  one  on  its  ulnar  side ;  the  third  has  one  on 
its  radial  and  two  on  its  ulnar  side ;  the  fourth  has  two  on  its  radial  and  one  on 
its  ulnar  side ;   and  the  fifth  has  only  one  on  its  radial  side. 

Attachment  of  Muscles. — To  the  metacarpal  bone  of  the  thumb,  four:  the 
Flexor  ossis  metacarpi  pollicis,  Flexor  brevis  pollicis.  Extensor  pssis  metacarpi 
pollicis,  and  First  dorsal  interosseous.  To  the  second  metacarpal  bone,  seven : 
the  Flexor  carpi  radialis,  Extensor  carpi  radialis  longior,  Adductor  transversus 
pollicis.  Adductor  obliquus  pollicis,  First  and  Second  dorsal  interosseous,  and  First 
palmar  interosseous.  To  the  third,  six  :  the  Extensor  carpi  radialis  brevior,  Flexor 
carpi  radialis.  Adductor  transversus  pollicis,  Adductor  obliquus  pollicis,  and  Second 
and  Third  dorsal  interosseous.  To  the  fourth,  three  :  the  Third  and  Fourth  dorsal 
and  Second  palmar  interosseous.  To  the  fifth,  five  ;  the  Extensor  carpi  ulnaris, 
Flexor  carpi  ulnaris.  Flexor  ossis  metacarpi  minimi  digiti.  Fourth  dorsal  and 
Third  palmar  interosseous. 
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The  Phalanges. 

The  Phalanges  (internodia)  are  the  bones  of  the  fingers ;  they  are  fourteen  in 
number,  three  for  each  finger,  and  two  for  the  thumb.  They  are  long  bones,  and 
present  for  examination  a  shaft  and  two  extremities.  The  shaft  tapers  from 
above  downward,  is  convex  posteriorly,  concave  in  front  from  above  downward, 
flat  from  side  to  side,  and  marked  laterally  by  rough  ridges,  which  give  attachment 
to  the  fibrous  sheaths  of  the  Flexor  tendons.  The  metacarpal  extremity^  or  base^ 
in  the  first  row  presents  an  oval,  concave,  articular  surface,  broader  from  side  to 
side  than  from  before  backward ;  and  the  same  extremity  in  the  other  two  rows, 
a  double  concavity,  separated  by  a  longitudinal  median  ridge,  extending  from  before 
backward.  The  digital  extremities  are  smaller  than  the  others,  and  terminate, 
in  the  first  and  second  rows,  in  two  small,  lateral  condyles,  separated  by  a  slight 
groove ;  the  articular  surface  being  prolonged  farther  forward  on  the  palmar  than 
on  the  dorsal  surface,  especially  in  the  first  row. 

The  Ungual  Phalanges  are  convex  on  their  dorsal,  flat  on  their  palmar,  surfaces; 
they  are  recognized  by  their  small  size  and  by  a  roughened,  elevated  surface  of  a 
horseshoe  form  on  the  palmar  aspect  of  their  ungual  extremity,  which  serves  to 
support  the  sensitive  pulp  of  the  finger. 

Articulations. — The  first  row,  with  the  metacarpal  bones  and  the  second  row 
of  phalanges ;  the  second  row,  with  the  first  and  third ;  the  third,  with  the  second 
row. 

Attachment  of  Muscles. — To  the  base  of  the  first  phalanx  of  the  thumb,  five 
muscles :  the  Extensor  brevis  pollicis,  Fleyor  brevis  pollicis.  Abductor  poUicis, 
Adductor  transversus  and  obliquus  pollicis.  To  the  second  phalanx,  two :  the 
Flexor  longus  pollicis  and  the  Extensor  longus  pollicis.  To  the  base  of  the  first 
phalanx  of  the  index  finger,  the  First  dorsal  and  the  First  palmar  interosseous  ;  to 
that  of  the  middle  finger,  the  Second  and  Third  dorsal  interosseous ;  to  that  of 
the  ring  finger,  the  Fourth  dorsal  and  the  Second  palmar  interosseous ;  and  to  that 
of  the  little  finger,  the  Third  palmar  interosseous,  the  Flexor  brevis  minimi  digiti, 
and  Abductor  minimi  digiti.  To  the  second  phalanges,  the  Flexor  sublimis  digi- 
torum,  Extensor  communis  digitorum,  and,  in  addition,  the  Extensor  indicis  to 
the  index  finger,  the  Extensor  minimi  digiti  to  the  little  finger.  To  the  third 
phalanges,  the  Flexor  profundus  digitorum  and  Extensor  communis  digitorum. 

Surface  Form. — On  the  front  of  the  wrist  are  two  subcutaneous  eminences,  one  on  the 
radial  side,  the  larger  and  flatter,  due  to  the  tuberosity  of  the  scaphoid  and  the  ridge  on  the 
trapezium ;  the  other,  on  the  ulnar  side,  caused  by  the  pisiform  bone.  The  tubercle  of  the 
scaphoid  is  to  be  felt  just  below  and  in  front  of  the  apex  of  the  styloid  process  of  the  radius.  It 
is  best  perceived  by  extending  the  hand  on  the  forearm.  Immediately  below  is  to  be  felt 
another  prominence,  better  marked  than  the  tubercle ;  this  is  the  ridge  on  the  trapezium  which 
gives  attachment  to  some  of  the  short  muscles  of  the  thumb.  On  the  inner  side  of  the  front  of 
the  wrist  the  pisiform  bone  is  to  be  felt,  forming  a  small  but  prominent  projection  in  this  situa- 
tion. It  is  some  distance  below  the  styloid  process  of  the  ulna,  and  may  be  said  to  be  just  below 
the  level  of  the  styloid  process  of  the  radius.  The  rest  of  the  front  of  the  carpus  is  covered  by 
tendons  and  the  annular  ligament,  and  entirely  concealed,  with  the  exception  of  the  hooked  pro- 
cess of  the  unciform,  which  can  only  be  made  out  with  difficulty.  The  back  of  the  carpus  is 
convex  and  covered  by  the  Extensor  tendons,  so  that  none  of  the  posterior  surfaces  of  the  Dones 
are  to  be  felt,  with  the  exception  of  the  cuneiform  on  the  inner  side.  Below  the  carpus  the 
dorsal  surfaces  of  the  metacarpal  bones,  except  the  fifth,  are  covered  by  tendons,  and  are  scarcely 
visible  except  in  very  thin  hands.  The  dorsal  surface  of  the  fifth  is,  however,  subcutaneous 
throughout  almost  its  whole  length,  and  is  plainly  to  be  perceived  and  felt.  In  addition  to  this, 
slightly  external  to  the  middle  line  of  the  hand,  is  a  prominence,  frenuently  well  marked,  but 
occasionally  indistinct,  formed  by  the  base  of  the  metacarpal  of  the  middle  finger.  The  heads  of 
the  metacarpal  bones  are  plainly  to  be  felt  and  seen,  rounded  in  contour  and  standing  out  in  bold 
relief  under  the  skin,  when  the  fist  is  clenched.  It  should  be  borne  in  mind  that  when  the  fin- 
gers are  flexed  on  the  hand,  the  articular  surfaces  of  the  first  phalanges  glide  oif  the  heads  of  the 
metacarpal  bones  on  to  their  anterior  surfaces,  so  that  the  heads  of  these  bones  form  the  prom- 
inence of  the  knuckles  and  receive  the  force  of  any  blow  which  may  be  given.  The  head  of  the 
third  metacarpal  bone  is  the  most  prominent,  and  receives  the  greater  part  of  the  shock  of  the 
blow.  This  bone  articulates  with  the  os  magnum,  so  that  the  concussion  is  carried  through  this 
bone  to  the  scaphoid  and  semilunar,  with  which  the  head  of  the  os  magnum  articulates,  and  by 
these  bones  is  transferred  to  the  radius,  along  which  it  may  be  carried  to  the  capitellum  of  the 
humerus.     The  enlarged  extremities  of  the  phalanges  are  to  be  plainly  felt:  they  form  the 
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joiDta  of  ihe  (infers.  When  the  digits  are  bent  the  proicimal  phalanges  of  the  joints  form 
prominences,  which  in  the  joint  between  the  Grat  and  second  phalanges  is  slightly  hotloffed,  in 
awjnlance  with  the  grooved  shape  of  their  articular  surfaces,  whilst  at  the  laat  row  the 
pniminence  is  flattened  and  square -shaped.  In  the  palm  of  llie  hand  the  four  inner  metacarpal 
Donea  are  covered  by  muscles,  tendons,  and  the  palmar  fascia,  and  no  part  of  them  but  their 
headi;  is  to  be  distinguished.  With  regard  lo  the  thumb,  on  the  dorsal  aspect  the  base  of  the 
metacarpal  bone  forms  a  prominence  below  the  styloid  process  of  the  radius ;  the  abaft  is  to  be 
fell,  covered  by  tendons,  terminating  at  its  head  in  a  flattened  prominence,  in  front  of  which  can 
be  felt  the  sesamoid  bones. 

Surgical  Anatomy. — The  carpal  bones  are  little  liable  to  fracture,  except  irom  extreme 
TJolence,  when  the  parts  are  bo  comminuted  as  to  necessitate  amputation.  Occasionally  they  are 
the  seat  of  tubercular  disease.  The  metacarpal  bone  and  the  phalanges  are  not  unfrequently 
broken  from  direct  violence.  The  first  metacarpal  bone  is  the  one  most  commonly  fractured ; 
then  the  second,  the  fourth,  and  the  fifth,  the  third  being  the  one  least  frequently  broken. 
There  are  two  diseases  of  the  metacarpal  bones  and  phalanges  which  require  special  mention  on 
iwount  of  the  frequency  of  their  occurrence.  One  ia  tubercular  dactylitis,  consisting  in  a 
deposit  of  tubercular  material  in  the  medullary  canal,  expanding  the  hone,  with  subsequent 
raaeaiion  and  resuliinj;  necrosis.  The  other  is  chondroma,  which  is  perhaps  more  frequently 
funnd  in  connection  with  the  metacarpal  bones  and  phalanges  than  with  any  other  bones. 
They  are  commonly  multiple,  and  may  spring  either  from  the  medullary  canal  or  from  the 
periosteum. 

Development  of  the  Bones  of  the  Hand. 

The  Carpal  Bones  are  each  developed  by  a  single  centre.  At  birth  ibey  are 
all  cartilagiQous.     OssificatioD  proceeds  in  tlie  following  order  (Fig.  206) :  In  the 
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oe  magnum  and  uncifonn  an  ossific  point  appears  during  the  first  year,  the  former 
preceding  the  latter;  in  the  cuneiform,  at  the  third  year;  in  the  trapezium  and 
semilunar,  at  the  fifth  year,  the  former  preceding  the  latter ;  in  the  scaphoid,  at 
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the  sixth  year;  in  the  trapezoid,  during  the  eighth  year;  and  in  the  pisiform, 
about  the  twelfth  year. 

The  Metacarpal  Bones  are  each  developed  by  hoo  centres :  one  for  the  shaft 
and  one  for  the  digital  extremity  for  the  four  inner  metacarpal  bones ;  one  for  the 
shaft  and  one  for  the  base  for  the  metacarpal  bone  of  the  thumb,  which  in  this 
respect  resembles  the  phalanges.*  Ossification  commences  in  the  centre  of  the 
shaft  about  the  eighth  or  ninth  week,  and  gradually  proceeds  to  either  end  of  the 
bone:  about  the  third  year  the  digital  extremities  of  the  four  inner  metacarpal 
bones  and  the  base  of  the  first  metacarpal  begin  to  ossify,  and  they  unite  about 
the  twentieth  year. 

The  Phalanges  are  each  developed  by  Uco  centres :  one  for  the  shaft  and  one 
for  the  base.  Ossification  commences  in  the  shaft,  in  all  three  rows,  at  about  the 
eighth  week,  and  gradually  involves  the  whole  of  the  bone  excepting  the  upper 
extremity.  Ossification  of  the  base  commences  in  the  first  row  between  the  third 
and  fourth  years,  and  a  year  later  in  those  of  the  second  and  third  rows.  The  two 
centres  become  united,  in  each  row,  between  the  eighteenth  and  twentieth  years. 

THE  LOWER  EXTBEMIT7. 

The  Lower  Extremity  consists  of  three  segments,  the  thigh^  leg^  and/oo^,  which 
correspond  to  the  arm^  forearm^  and  hand  in  the  upper  extremity.  It  is  con- 
nected to  the  trunk  through  the  os  innominatum,  or  hip-bone,  which  forms  the 
pelvic  girdle. 

THE  HIP. 

The  08  Ixmominatnm. 

The  Os  Innominatum  (m,  not ;  nomino,  I  name),  or  nameless  bone,  so  called  from 
bearing  no  resemblance  to  any  known  object,  is  a  large,  irregularly-shaped,  flat  bone, 
constricted  in  the  centre  and  expanded  above  and  below.  With  its  fellow  of  the 
opposite  side  it  forms  the  sides  and  anterior  wall  of  the  pelvic  cavity.  In  young 
subjects  it  consists  of  three  separate  parts,  which  meet  and  form  the  large,  cup-like 
cavity  situated  near  the  middle  of  the  outer  surface  of  the  bone ;  and,  although  in 
the  adult  these  have  become  united,  it  is  usual  to  describe  the  bone  as  divisible 
into  three  portions — the  ilium,  the  ischium,  and  the  os  pubis. 

The  ilium,  so  called  from  its  supporting  the  flank  (ilia),  is  the  superior,  broad 
and  expanded  portion  which  runs  upward  from  the  upper  and  back  part  of  the 
acetabulum  and  forms  the  prominence  of  the  hip. 

The  ischium  (ityj^cov,  the  hip)  is  the  inferior  and  strongest  portion  of  the  bone ; 
it  proceeds  downward  from  the  acetabulum,  expands  into  a  large  tuberosity,  and 
then,  curving  upward,  forms  with  the  descending  ramus  of  the  os  pubis,  a  large 
aperture,  the  obturator  foramen. 

The  OS  pubis  is  that  portion  which  runs  horizontally  inward  from  the  inner  side 
of  the  acetabulum  for  about  two  inches,  then  makes  a  sudden  bend,  and  descends 
for  about  one  inch  :  it  forms  the  front  of  the  pelvis,  supports  the  external  organs 
of  generation,  and  has  received  its  name  from  being  covered  with  hair. 

The  nium  presents  for  examination  two  surfaces,  an  external  and  an  internal; 
a  crest,  and  two  borders,  an  anterior  and  a  posterior. 

External  Surface  or  Dorsum  of  the  Ilium  (Fig.  207). — The  back  part  of  this 
surface  is  directed  backward,  downward,  and  outward;  its  front  part,  forward, 
downward,  and  outward.  It  is  smooth,  convex  in  front,  deeply  concave  behind ; 
bounded  above  by  the  crest,  below  by  the  upper  border  of  the  acetabulum ;  in  front 
and  behind  by  the  anterior  and  posterior  borders.  This  surface  is  crossed  in  an 
arched  direction  by  three  semicircular  lines — the  superior,  middle,  and  inferior 
curved  lines.     The  superior  curved  line,  the  shortest  of  the  three,  commences  at 

*  Allan  Thomson  has  demonstrated  the  fact  that  the  first  metacarpal  bone  is  often  developed 
from  three  centres ;  that  is  to  say,  there  is  a  separate  nucleus  for  the  distal  end,  forming  a  distinct  epiph- 
ysis, visible  at  the  age  of  seven  or  ei^ht  years.  He  also  states  that  there  are  traces  of  a  proximal 
epiphysis  in  the  second  metacarpal  bone. — Journal  of  Anaiomyy  1869. 
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the  crest,  about  two  inches  in  front  of  its  posterior  extremity ;  it  is  at  first  distinctly 
marked,  but  as  it  passes  downward  and  outward  to  the  upper  part  of  the  great 
sacro-sciatic  notch,  where  it  terminates,  it  becomcB  less  marked,  and  is  often 
altogether  lost.  Behind  this  line  is  a  narrow  semilunar  surface,  the  upper  part  of 
which  is  rough  and  affords  attachment  to  part  of  the  Gluteus  maximus ;  the  lower 


part  is  smooth  and  has  no  muscular  fibres  attached  to  it.  The  middle  curved  line, 
the  longest  of  the  three,  commences  at  the  crest,  about  an  inch  behind  its  anterior 
extremity,  and,  taking  a  curved  direction  downward  and  backward,  terminates  at 
the  upper  part  of  the  great  sacro-sciatic  notch.  The  base  between  the  superior  and 
miiidle  curveil  lines  and  the  crest  is  concave,  and  affords  attachment  to  the  Gluteus 
mediiis  muscle.  Near  the  central  part  of  this  line  may  often  be  observed  the  ori- 
fice of  a  nutrient  foramen.  The  inferior  curved  line,  the  least  distinct  of  the  three, 
Commences  in  front  at  the  upper  part  of  the  anterior  inferior  spinous  process,  and, 


276  THE  SKELETON. 

taking  a  curved  direction  backward  and  downward,  terminates  at  the  middle  of 
the  great  sacro-sciatic  notch.  The  surface  of  bone  included  between  the  middle 
and  inferior  curved  lines  is  concave  from  above  downward,  convex  from  before 
backward,  and  affords  attachment  to  the  Gluteus  minimus  muscle.  Beneath  the 
inferior  curved  line,  and  corresponding  to  the  upper  part  of  the  acetabulum,  is  a 
roughened  surface  (sometimes  a  depression),  to  which  is  attached  the  reflected 
tendon  of  the  Rectus  femoris  muscle. 

The  Imtenial  Snrbce  (Fig.  208)  of  the  ilium  is  bounded  above  by  the  crest; 
below  it  is  continuous  with  the  pelvic  surface  of  the  os  pubiB  and  ischium,  a  faint 


Fio.  206.— Right  OS  iDnomlnstam.   Internal  aurlhce. 


line  only  indicating  the  place  of  union ;  and  before  and  behind  it  is  hounded  by 
the  anterior  and  posterior  borders.  It  presents  anteriorly  a  large,  smooth,  concave 
surface,  called  the  internal  iliac  fossa,  or  venter  of  the  ilium,  which  lodges  the 
Iliacus  muscle,  and  presents  at  its  lower  part  the  orifice  of  a  nutrient  canal ;  and 
below  this  a  smooth,  rounded  border,  the  linea  ilio-pectiitea,  which  separates  the 
iliac  fossa  from  that  portion  of  the  internal  surface  which  enters  into  the  formation 
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of  the  true  pelvis,  and  which  gives  attachment  to  part  of  the  Obturator  internus 
muscle.  Behind  the  iliac  fossa  is  a  rough  surface  divided  into  two  portions,  an 
anterior  and  a  posterior.  The  anterior  or  auricular  portion,  so  called  from  its 
resemblance  in  shape  to  the  ear,  is  coated  with  cartilage  in  the  recent  state,  and 
articulates  with  a  surface  of  similar  shape  on  the  side  of  the  sacrum.  The  posterior 
portion  is  rough,  for  the  attachment  of  the  posterior  sacro-iliac  ligaments  and  for 
a  part  of  the  origin  of  the  Erector  spinse. 

The  crest  of  the  ilium  is  convex  in  its  general  outline  and  sinuously  curved, 
being  bent  inward  anteriorly,  outward  posteriorly.  It  is  longer  in  the  female 
than  in  the  male,  very  thick  behind,  and  thinner  at  the  centre  than  at  the  extrem- 
ities. It  terminates  at  either  end  in  a  prominent  eminence,  the  anterior  superior 
and  posterior  superior  spinous  process.  The  surface  of  the  crest  is  broad,  and 
divided  into  an  external  lip,  an  internal  lip,  and  an  intermediate  space.  To  the 
external  lip  is  attached  the  Tensor  vaginae  femoris,  Obliquus  externus  abdominis, 
and  Latissimus  dorsi,  and  by  its  whole  length  the  fascia  lata ;  to  the  space  between 
the  lips,  the  Internal  oblique ;  to  the  internal  lip,  the  Transversalis,  Quadratus 
lumborum,  and  Erector  spinas,  the  Iliacus,  and  the  fascia  iliaca. 

The  anteiior  border  of  the  ilium  is  concave.  It  presents  two  projections, 
separated  by  a  notch.  Of  these,  the  uppermost,  situated  at  the  junction  of  the 
crest  and  anterior  border,  is  called  the  anterior  superior  spinous  process  of  the  ilium, 
the  outer  border  of  w^hich  gives  attachment  to  the  fascia  lata  and  the  origin  of 
the  Tensor  vaginae  femoris;  its  inner  border,  to  the  Iliacus;  whilst  its  extremity 
affords  attachment  to  Poupart*s  ligament  and  the  origin  of  the  Sartorius.  Beneath 
this  eminence  is  a  notch  which  gives  attachment  to  the  Sartorius  muscle,  and 
across  which  passes  the  external  cutaneous  nerve.  Below  the  notch  is  the  anterior 
inferior  spinous  process^  which  terminates  in  the  upper  lip  of  the  acetabulum  ;  it 
gives  attachment  to  the  straight  tendon  of  the  Rectus  femoris  muscle  and  the 
ilio-femoral  ligament.  On  the  inner  side  of  the  anterior  inferior  spinous  process 
is  a  broad,  shallow  groove,  over  which  passes  the  Iliacus  muscle.  This  groove  is 
bounded  internally  by  an  eminence,  the  ilio-pectineal,  which  marks  the  point  of 
union  of  the  ilium  and  os  pubis. 

The  posterior  border  of  the  ilium,  shorter  than  the  anterior,  also  presents  two 
projections  separated  by  a  notch,  the  posterior  superior  and  the  posterior  inferior 
spinous  processes.  The  former  corresponds  with  that  portion  of  the  posterior 
surface  of  the  ilium  which  serves  for  the  attachment  of  the  oblique  portion  of  the 
sacro-iliac  ligaments  and  the  Multifidus  spinae ;  the  latter  to  the  auricular  portion 
which  articulates  with  the  sacrum.  Below  the  posterior  inferior  spinous  process 
is  a  deep  notch,  the  great  sacrosciafic. 

The  Ischium  forms  the  lower  and  back  part  of  the  os  innominatum. .  It  is 
dirigible  into  a  thick  and  solid  portion,  the  body  ;  a  large,  rough  eminence,  on  which 
the  body  rests  in  sitting,  the  tuberosity  ;  and  a  thin,  ascending  part,  the  ramu^. 

The  body,  somewhat  triangular  in  form,  presents  three  surfaces,  external, 
internal,  and  posterior ;  and  three  borders,  external,  internal,  and  posterior.  The 
external  surface  corresponds  to  that  portion  of  the  acetabulum  formed  by  the 
ischium ;  it  is  smooth  and  concave,  and  forms  a  little  more  than  two-fifths  of 
the  acetabular  cavity ;  its  outer  margin  is  bounded  by  a  prominent  rim  or  lip, 
the  external  border,  to  which  the  cotyloid  fibro-cartilage  is  attached.  Below  the 
acetabulum,  between  it  and  the  tuberosity,  is  a  deep  groove,  along  which  the  tendon 
of  the  Obturator  externus  muscle  runs  as  it  passes  outward  to  be  inserted  into 
the  digital  fossa  of  the  femur.  The  internal  surface  is  smooth,  concave,  and  enters 
into  the  formation  of  the  lateral  boundary  of  the  true  pelvic  cavity.  This  surface 
is  perforated  by  two  or  three  large,  vascular  foramina,  and  affords  attachment  to 
part  of  the  Obturator  internus  muscle.  The  posterior  surface  is  quadrilateral  in 
form,  broad  and  smooth.  Below,  where  it  joins  the  tuberosity,  it  presents  a  groove 
continuous  with  that  on  the  external  surface,  for  the  tendon  of  the  Obturator 
externus  muscle.  The  lower  edge  of  this  groove  is  formed  by  the  tuberosity  of  the 
ischium,  and  affords  attachment  to  the  Gemellus  inferior  muscle.     This  surface  is 
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limited,  in  front,  by  the  margin  of  the  acetabulum  ;  behind,  by  the  posterior  border; 
it  supports  the  Pyriformis,  the  two  Gemelli,  and  the  Obturator  internus  muscles 
in  their  passage  outward  to  the  great  trochanter.  The  external  border  forms  the 
prominent  rim  of  the  acetabulum,  and  separates  the  posterior  from  the  external 
surface.  To  it  is  attached  the  cotyloid  fibro-cartilage.  The  internal  border  is 
thin,  and  forms  the  outer  circumference  of  the  obturator  foramen,  '^he  posterior 
border  of  the  body  of  the  ischium  presents,  a  little  below  the  centre,  a  thin  and 
pointed,  triangular  eminence,  the  spine  of  the  ischium^  more  or  less  elongated  in 
diflFerent  subjects ;  its  external  surface  gives  attachment  to  the  Gemellus  superior, 
its  internal  surface  to  the  Coccygeus  and  Levator  ani ;  whilst  to  the  pointed 
extremity  is  connected  the  lesser  sacro-sciatic  ligament.  Above  the  spine  is  a 
notch  of  a  large  size,  the  great  sacro-sciatic^  converted  into  a  foramen  by  the  lesser 
sacro-sciatic  ligament;  it  transmits  the  Pyriformis  muscle,  the  gluteal  vessels  and 
superior  gluteal  nerve  passing  out  of  the  pelvis  above  the  muscles ;  the  sciatic 
vessels,  the  greater  and  lesser  sciatic  nerves,  the  internal  pudic  vessels  and  nerve, 
and  muscular  branches  from  the  sacral  plexus  below  it.  Below  the  spine  is  a 
smaller  notch,  the  lesser  sacro-sciatic;  it  is  smooth,  coated  in  the  recent  state  with 
cartilage,  the  surface  of  which  presents  numerous  markings  corresponding  to  the 
subdivisions  of  the  tendon  of  the  Obturator  internus,  which  winds  over  it.  It  is 
converted  into  a  foramen  by  the  sacro-sciatic  ligaments,  and  transmits  the  tendon 
of  the  Obturator  internus,  the  nerve  which  supplies  that  muscle,  and  the  internal 
pudic  vessels  and  nerve. 

The  tuberosity  presents  for  examination  three  surfaces :  external,  internal,  and 
inferior.  The  external  surface  is  quadrilateral  in  shape,  and  rough  for  the  attach- 
ment of  muscles.  It  is  bounded  above  by  the  groove  for  the  tendon  of  the 
Obturator  externus ;  in  front  it  is  limited  by  the  posterior  margin  of  the  obturator 
foramen,  and  below  it  is  continuous  with  the  ramus  of  the  bone ;  behind,  it  is 
bounded  by  a  prominent  margin  which  separates  it  from  the  inferior  surface.  In 
front  of  this  margin  the  surface  gives  attachment  to  the  Quadratus  femoris,  and 
anterior  to  this  to  some  of  the  fibres  of  origin  of  the  Obturator  externus.  The 
lower  part  of  the  surface  gives  origin  to  part  of  the  Adductor  magnus.  The 
internal  surface  forms  part  of  the  bony  wall  of  the  true  pelvis.  In  front  it 
is  limited  by  the  posterior  margin  of  the  obturator  foramen.  Behind,  it  is 
bounded  by  a  sharp  ridge,  for  the  attachment  of  a  falciform  prolongation  of  the 
great  sacro-sciatic  ligament ;  it  presents  a  groove  on  the  inner  side  of  this  for  the 
lodgment  of  the  internal  pudic  vessels  and  nerve ;  and,  more  anteriorly,  has 
attached  the  Transversus  perinaei  and  Erector  penis  muscles.  The  inferior  surface 
is  divided  into  two  portions — an  anterior,  rough,  somewhat  triangular  part,  and  a 
posterior,  smooth,  quadrilateral  portion.  The  anterior  surface  is  subdivided  by  a 
prominent  vertical  ridge,  passing  from  base  to  apex,  into  two  parts ;  the  outer  one 
gives  attachment  to  the  Adductor  magnus ;  the  inner  to  the  great  sacro-sciatic 
ligament.  The  posterior  portion  is  subdivided  into  two  facets  by  an  oblique  ridge 
which  runs  forward  and  outward;  from  the  upper  and  outer  facet  arises  the 
Semimembranosus;   from  the  lower  and  inner,  the  Biceps  and  Semitendinosus. 

The  ramus,  or  ascending  ramus,  is  the  thin,  flattened  part  of  the  ischium  which 
ascends  from  the  tuberosity  upAvard  and  inward,  and  joins  the  ramus  of  the  os  pubis, 
their  point  of  junction  being  indicated  in  the  adult  by  a  rough  line.  The  outer 
surface  of  the  ramus  is  rough,  for  the  attachment  of  the  Obturator  externus  muscle, 
and  also  some  fibres  of  the  Adductor  magnus ;  its  inner  surface  forms  part  of  the 
anterior  wall  of  the  pelvis.  Its  inner  border  is  thick,  rough,  slightly  everted,  forms 
part  of  the  outlet  of  the  pelvis,  and  presents  two  ridges  and  an  intervening  space. 
The  ridges  are  continuous  with  similar  ones  on  the  descending  ramus  of  the  os  pubis  : 
to  the  outer  one  is  attached  the  deep  layer  of  the  superficial  perineal  fascia,  and  to 
the  inner  the  anterior  layer  of  the  triangular  ligament  of  the  perinaeum.  If  these 
two  ridges  are  traced  doAvnward,  they  will  be  found  to  join  with  each  other  just 
behind  the  point  of  origin  of  the  Transversus  perinsei  muscle ;  here  the  two  layers 
of  fiiscia  are  continuous  behind  the  posterior  border  of  the  muscle.     To  the  inter- 
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vening  space,  just  in  front  of  the  point  of  junction  of  the  ridges,  is  attached  the 
Transversus  perinaei  muscle,  and  in  front  of  this  a  portion  of  the  crus  penis  vel 
clitoridis  and  the  Erector  penis  vel  clitoridis  muscle.  Its  outer  border  is  thin  and 
sharp,  and  forms  part  of  the  inner  margin  of  the  obturator  foramen. 

The  Os  Pubis  forms  the  anterior  part  of  the  os  innominatum,  and,  with  the  bone 
of  the  opposite  side,  forms  the  front  boundary  of  the  true  pelvic  cavity.  It  is 
divisible  into  a  body,  a  horizontal  ramus,  and  a  descending  ramus. 

The  body  is  somewhat  quadrilateral  in  shape,  and  presents  for  examination  two 
surfaces  and  three  borders.  The  anterior  surface  is  rough,  directed  forward  and 
outward,  and  serves  for  the  attachment  of  various  muscles.  To  the  upper  and 
inner  angle,  immediately  below  the  crest,  is  attached  the  Adductor  longus ;  lower 
down,  from  without  inward,  are  attached  the  Obturator  externus,  the  Adductor 
brevis,  and  the  upper  part  of  the  Gracilis.  ThQ  posterior  surface^  convex  from  above 
downward,  concave  from  side  to  side,  is  smooth,  and  forms  part  of  the  anterior 
wall  of  the  pelvis.  It  gives  attachment  to  the  Levator  ani.  Obturator  internus, 
a  few  muscular  fibres  prolonged  from  the  bladder,  and  the  pubo-prostatic  ligaments. 
The  upper  border  presents  for  examination  a  prominent  tubercle,  which  projects 
forward  and  is  called  the  spine  ;  to  it  is  attached  the  outer  pillar  of  the  external 
abdominal  ring  and  Poupart's  ligament.  Passing  outward  from  this  is  a  promi- 
nent ridge,  forming  part  of  the  ilio-pectineal  line^  which,  running  outward,  marks 
the  brim  of  the  true  pelvis :  to  it  is  attached  a  portion  of  the  conjoined  tendon  of 
the  Internal  oblique  and  Transversalis  muscles,  Gimbernat's  ligament,  and  the 
triangular  ligament  of  the  abdomen.  Internal  to  the  spine  of  the  os  pubis  is  the  crest^ 
which  extends  from  this  process  to  the  inner  extremity  of  the  bone.  It  affords 
attachment  anteriorly  to  the  conjoined  tendon  of  the  Internal  oblique  and 
Transversalis,  and  posteriorly  to  the  Rectus  and  Pyramidalis  muscles.  The  point 
of  junction  of  the  crest  with  the  inner  border  of  the  bone  is  called  the  angle  ;  to  it, 
as  well  as  to  the  symphysis,  is  attached  the  internal  pillar  of  the  external  abdominal 
ring.  The  interior  border  is  the  symphysis ;  it  is  oval,  covered  by  eight  or  nine 
transverse  ridges,  or  a  series  of  nipple-like  processes  arranged  in  rows,  separated 
by  grooves ;  they  serve  for  the  attachment  of  a  thin  layer  of  cartilage  placed 
between  it  and  the  central  fibro-cartilage.  The  outer  border  presents  a  sharp 
margin  which  forms  part  of  the  circumference  of  the  obturator  foramen  and 
affords  attachment  to  the  obturator  membrane. 

The  horizontal  ramus  extends  from  the  body  to  the  point  of  junction  of  the  os 

pubis  with  the  ilium,  and  forms  the  upper  part  of  the  circumference  of  the  obturator 

foramen.     It  presents  for  examination  a  superior,  inferior,  and  posterior  surface, 

and  an  outer  extremity.     The  superior  surface  presents  a  continuation  of   the 

ilio-pectineal  line,  already  mentioned  as  commencing  on  the  body  of  the  bone.     In 

front  of  this  ridge  the  surface  of  bone  is  triangular  in  form,  wider  externally  than 

internally,  smooth,  and  affords  attachment  to  the  Pectineus  muscle.     The  surface 

is  bounded  externally  by  a  rough  eminence,  the  ilio-pectineal^  which  serves  to 

indicate  the  point  of  junction  of  the  ilium  and  pubes,  and  gives  attachment  to 

the  Psoas  parvus  when  this  muscle  is  present.     The  inferior  surface  forms  the 

upper  boundary  of  the  obturator  foramen,  and  presents  externally  a  broad  and 

deep  oblique  groove,  for   the  passage  of  the  obturator  vessels  and  nerve;  and 

internally  a  sharp  margin  which  forms  part  of  the  circumference  of  the  obturator 

foramen,  and  to  which  the  obturator  membrane  is  attached.    The  posterior  surface 

forms  part  of  the  anterior  boundary  of  the  true  pelvis.    It  is  smooth,  convex  from 

above  downward,  and  affords  attachment  to  the  upper  fibres  of  the  obturator 

internus.     The  outer  extremity^  the  thickest  part  of  the  ramus,  forms  one-fifth  of 

the  cavitv  of  the  acetabulum. 

The  descending  ramus  of  the  os  pubis  is  thin  and  flattened.  It  passes  outward 
and  downward,  becoming  narrower  as  it  descends,  and  joins  with  the  ramus  of  the 
ischium.  Its  anterior  surface  is  rough,  for  the  attachment  of  muscles — the  Gracilis 
along  its  inner  border ;  a  portion  of  the  Obturator  externus  vi^here  it  enters  into 
the  formation  of  the  foramen  of  that  name ;  and  between  these  two  muscles  the 
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Adductores  brevis  and  magnus  from  within  outward.  The  posterior  surface  is 
smooth,  and  gives  attachment  to  the  Obturator  internus  and,  close  to  the  inner 
margin,  to  the  Compressor  urethrae.  Theinner  border  is  thick,  rough,  and  everted, 
especially  in  females.  It  presents  two  ridges,  separated  by  an  intervening  space. 
The  ridges  extend  downward,  and  are  continuous  with  similar  ridges  on  the 
ascending  ramus  of  the  ischium ;  to  the  external  one  is  attached  the  deep  layer  of 
the  superficial  perineal  fascia,  and  to  the  internal  one  the  anterior  layer  of  the 
triangular  ligament  of  the  perinaeum.  The  outer  border  is  thin  and  sharp,  forms 
part  of  the  circumference  of  the  obturator  foramen,  and  gives  attachment  to  the 
obturator  membrane. 

The  cotyloid  cavity,  or  acetabulum,  is  a  deep,  cup-shaped,  hemispherical 
depression,  directed  downward,  outward,  and  forward ;  formed  internally  by  the 
OS  pubis,  above  by  the  ilium,  behind  and  below  by  the  ischium,  a  little  less  than 
two-fifths  being  formed  by  the  ilium,  a  little  more  than  two-fifths  by  the  ischium, 
and  the  remaining  fifth  by  the  pubic  bone.  It  is  bounded  by  a  prominent,  uneven 
rim,  which  is  thick  and  strong  above,  and  serves  for  the  attachment  of  a  fibro- 
cartilaginous structure  which  contracts  its  orifice  and  deepens  the  surface  for 
articulation.  It  presents,  on  its  inner  side,  a  deep  notch,  the  cotyloid notch^  which 
is  continuous  with  a  circular  depression,  the  fossa  acetabuli^  at  the  bottom  of  the 
cavity :  this  depression  is  perforated  by  numerous  apertures,  lodges  a  mass  of  fat, 
and  its  margins,  as  well  as  those  of  the  notch,  serve  for  the  attachment  of  the 
ligamentura  teres.  The  notch  is  converted,  in  the  natural  state,  into  a  foramen  by 
a  dense  ligamentous  band  which  passes  across  it.  Through  this  foramen  the 
nutrient  vessels  and  nerves  enter  the  joint. 

The  obturator  or  thyroid  foramen  is  a  large  aperture  situated  between  the 
ischium  and  os  pubis.  In  the  male  it  is  large,  of  an  oval  form,  its  longest  diameter 
being  obliquely  from  above  downward ;  in  the  female  it  is  smaller  and  more 
triangular.  It  is  bounded  by  a  thin,  uneven  margin  to  which  a  strong  membrane 
is  attached ;  and  presents  at  its  upper  and  outer  part  a  deep  groove  which  runs 
from  the  pelvis  obliquely  forward,  inward,  and  downward.  This  groove  is  converted 
into  a  foramen  by  the  obturator  membrane,  and  transmits  the  obturator  vessels 
and  nerve. 

Structure. — This  bone  consists  of  much  cancellous  tissue,  especiallv  where  it  is 
thick,  enclosed  between  two  layers  of  dense,  compact  tissue.  In  the  tninner  parts 
of  the  bone,  as  at  the  bottom  of  the  acetabulum  and  centre  of  the  iliac  fossa,  it  is 
usually  semitransparent,  and  composed  entirely  of  compact  tissue. 

Development  (Fig.  209). — By  eight  centres :  three  primary — one  for  the  ilium, 
one  for  the  ischium,  and  one  for  the  os  pubis ;  and  jive  secondary — one  for  the 
crest  of  the  ilium,  one  for  the  anterior  inferior  spinous  process  (said  to  occur  more 
frequently  in  the  male  than  the  female),  one  for  the  tuberosity  of  the  ischium,  one 
for  the  symphysis  pubis  (more  frequent  in  the  female  than  the  male),  and  one  for 
the  Y-shaped  piece  at  the  bottom  of  the  acetabulum.  These  various  centres  appear 
in  the  following  order :  First,  in  the  ilium,  at  the  lower  part  of  the  bone,  imme- 
diately above  the  sciatic  notch,  at  about  the  eighth  or  ninth  week ;  secondly,  in  the 
body  of  the  ischium,  at  about  the  third  month  of  foetal  life ;  thirdly,  in  the  body  of 
the  OS  pubis,  between  the  fourth  and  fifth  months.  At  birth  the  three  primary 
centres  are  quite  separate,  the  crest,  the  bottom  of  the  acetabulum,  and  the  rami 
of  the  ischium  and  pubes  being  still  cartilaginous.  At  about  the  seventh  or  eighth 
year  the  rami  of  the  os  pubis  and  ischium  are  almost  completely  ossified.  About 
the  thirteenth  or  fourteenth  vear  the  three  divisions  of  the  bone  have  extended 
their  growth  into  the  bottom  of  the  acetabulum,  being  separated  from  each  other 
by  a  Y-shaped  portion  of  cartilage,  which  now  presents  traces  of  ossification,  often 
by  two  or  more  centres.  The  ilium  and  ischium  then  become  joined,  and  lastly 
the  OS  pubis,  through  the  intervention  of  this  Y-shaped  portion.  At  about  the  age 
of  puberty  ossification  takes  place  in  each  of  the  remaining  portions,  and  they 
become  joined  to  the  rest  of  the  bone  about  the  twenty-fifth  year. 

Articulations. — With  its  fellow  of  the  opposite  side,  the  sacrum,  and  femur. 
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Attacliment  of  Unscles. — To  the  ilium,  sixteen.  To  the  outer  lip  of  the  crest, 
ihe  Tensor  vagin*B  femoris,  Obliquus  externus  abdominis,  and  Latissimus  dorsi ; 
to  ihe  internal  lip,  the  Iliacua,  Transversal  is,  Quadratus  lumborum,  and  Erector 
spiDffi  ;  to  the  interspace  between  the  lips,  the  Obliquus  internus.  To  the  outer 
surface  of  the  ilium,  the  Gluteus  maximus,  Gluteus  medius.  Gluteus  minimns, 
reflected  tendon  of  the  Eecius ;  to  the  upper  part  of  the  great  sacro-sciatic  notch,  a 
portion  of  the  Pyriformis ;  to  the  internal  surface,  the  Iliacus ;  to  that  portion  of 
tbe  internal  surface  below  the  linea  ilio-pectinea.  the  Obturator  internus,  and  the 
Multifidus  spinse  to  the  internal  surface  of  the  posterior  superior  spine ;  to  the 
anterior  border,  the  Sartorius  and  straight  tendon  of  the  Rectus.  To  the  ischium, 
fourteen.  To  the  outer  surface  of  the  ramus,  the  Obturator  externus  and  Adductor 
msgnus ;  to  the  internal  surface,  the  Obturator  internus  and  Erector  penis.  To  the 
spine,  the  Gemellus  superior,  Levator  ani,  and  Coccygeus.  To  the  tuberosity,  the 
Biceps,  Semitendinosus,  Semimembranosus,  Quadratus  femoris,  Adductor  magn us, 


Flu.  209.— Finn  of  the  il«vclopmeat  of  CheoB  iDDOTDfDBlum, 

GeiDellus  inferior,  Transversus  perinsei,  Erector  penis,  To  the  o«  jmbig,  sixteen: 
Obliquus  externus,  Obliquus  internus.  Transversal  is.  Rectus,  Pyi-amidalis,  Psoas 
parvus,  Pectineus,  Adductor  roagnus,  Adductor  longus.  Adductor  brevis.  Gracilis, 
Obturator  externus  and  internus.  Levator  ani,  Compressor  urethrse,  and  occasion- 
illy  a  few  fibres  of  the  Accelerator  urinse. 

The  Pelvis  (Figa.  210,  211). 

The  Pelvis,  so  called  from  its  resemblance  to  a  basin  (L.  pelvis),  is  stronger 
and  more  massively  constructed  than  either  the  cranial  or  thoracic  cavity ;  it  is  a 
l«ny  ring,  interposed  between  the  lower  end  of  the  spine,  which  it  supports,  and 
ihe  lower  extremities,  upon  which  it  rests.  It  is  composed  of  four  bones  :  the  two 
oasa  innominati,  which  bound  it  on  either  side  and  in  front,  and  tbe  sacrum  and 
coccvx,  which  complete  it  behind. 

The  pelvis  is  divided  by  a  plane  passing  through  the  prominence  of  the  sacrum, 
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the  IJDea  ilio-p«c tinea,  and  the  upper  margin  of  the  symphyais  pubis  into  the  false 
and  true  pelvis. 

The  fiilse  pelTis  is  all   that  expanded  portion  of  the  pelvic  cavity  which  ie 
situated  above  this  plane.     It  is  bounded  on  each  side  by  the  ossa  ilii ;  in  front  it 


Pio.  210.— Male  pelvia  (adult). 


Is  incomplete,  presenting  a  wide  interval  between  the  spinous  processes  of  the  ilia 
on  either  side,  which  is  filled  up  in  the  recent  state  by  the  parietes  of  the  abdomen  ; 


Fio.  2n.-Fumnlo  pelvis  Mull). 

behind,  in  the  middle  line,  is  a  deep  notch.     This  broad,  shallow  cavity  is  fitted 

to  support  the  intestines  and  to  transmit  part  of  their  weight  to  the  anterior  wall 
of  the  abdomen,  and  is.  in  fact,  really  a  portion  of  the  abdominal  cavity.  The 
term  false  pelvis  is  incorrect,  and  this  space  ought  more  properly  to  be  regarded  as 
part  of  the  hypogastric  region  of  the  abdomen. 

The  true  pelvis  is  all  that  part  of  the  pelvic  cavity  which  is  situated  beneath 
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the  plane.  It  is  smaller  than  the  false  pelvis,  but  its  walls  are  more  perfect.  For 
convenience  of  description  it  is  divided  into  a  superior  circumference  or  inlet,  an 
inferior  circumference  or  outlet,  and  a  cavity.  . 

The  superior  circumference  forms  the  margin  or  brim  of  the  pelvis,  the  included 
space  being  called  the  inleL  It  is  formed  by  the  linea  ilio-pectinea,  completed  in  front 
by  the  crests  of  the  pubic  bones,  and  behind  by  the  anterior  margin  of  the  base  of 
the  sacrum  and  sacro- vertebral  angle.  The  inlet  of  the  pelvis  is  somewhat  heart- 
shaped,  obtusely  pointed  in  front,  diverging  on  either  side,  and  encroached  upon 
behind  by  the  projection  forward  of  the  promontory  of  the  sacrum.  It  has  three 
principal  diameters :  antero-posterior  (sacro-pubic),  transverse,  and  oblique.  The 
antero-posterior  extends  from  the  sacro- vertebral  angle  to  the  symphysis  pubis ; 
its  average  measurement  is  four  inches  in  the  male,  four  and  three-quarters  in  the 
female.  The  transverse  extends  across  the  greatest  width  of  the  inlet,  from  the 
middle  of  the  brim  on  one  side  to  the  same  point  on  the  opposite ;  its  average 
measurement  is  four  and  a  half  in  the  male,  five  and  a  quarter  in  the  female. 
The  oblique  extends  from  the  margin  of  the  pelvis,  corresponding  to  the  ilio- 
pectineal  eminence  on  one  side,  to  the  sacro-iliac  symphysis  on  the  opposite 
side;  its  average  measurement  is  four  and  a  quarter  in  the  male,  and  five  in 
the  female. 

The  cavity  of  the  true  pelvis  is  bounded  in  front  by  the  symphysis  pubis ; 
behind,  by  the  concavity  of  the  sacrum  and  coccyx,  which,  curving  forward  above 
an<l  below,  contracts  the  inlet  and  outlet  of  the  canal ;  and  laterally  it  is  bounded 
by  a  broad,  snfooth,  quadrangular  surface  of  bone,  corresponding  to  the  inner 
surface  of  the  body  of  the  ischium  and  that  part  of  the  ilium  which  is  below 
the  ilio-pectineal  line.     The  cavity  is  shallow  in  front,  measuring  at  the  symphy- 
sis an  inch  and  a  half  in  depth,  three  inches  and  a  half  in  the  middle,  and  four 
inches  and  a  half  posteriorly.     From  this  description  it  will  be  seen   that  the 
cavity  of  the  pelvis  is  a  short,  curved  canal,  considerably  deeper  on  its  posterior 
than  on  its  anterior  wall,  and  broader  in  the  middle  than  at  either  extremity,  from 
the  projection  forward  of  the  sacro-coccygeal  column  above  and  below.     This 
cavity  contains,  in  the  recent  subject,  the  rectum,  bladder,  and  part  of  the  organs 
of  generation.     The  rectum  is  placed  at  the  back  of  the  pelvis,  and  corresponds  to 
the  curve  of  the  sacro-coccygeal  column ;  the  bladder  in  front,  behind  the  symphysis 
pubis.     In  the  female  the  uterus  and  vagina  occupy  the  interval  between  these 
parts. 

The  lower  circumference  of  the  pelvis  is  very  irregular,  and  forms  what  is 
called  the  outlet.  It  is  bounded  by  three  prominent  eminences :  one  posterior, 
formed  bv  the  point  of  the  coccyx  ;  and  one  on  each  side,  the  tuberosities  of  the 
ischia.  These  eminences  are  separated  by  three  notches ;  one  in  front,  the  pubic  arch, 
formed  by  the  convergence  of  the  rami  of  the  ischia  and  pubic  bones  on  each  side. 
The  other  notches,  one  on  each  side,  are  formed  by  the  sacrum  and  coccyx  behind, 
the  ischium  in  front,  and  the  ilium  above  ;  they  are  called  the  sacro-sciatic  notches  ; 
in  the  natural  state  they  are  converted  into  foramina  by  the  lesser  and  greater 
sacro-sciatic  ligaments.  In  the  recent  state,  when  the  ligaments  are  in  situ,  the 
outlet  of  the  pelvis  is  lozenge-shaped,  bounded  in  front  by  the  subpubic  liga- 
ment and  the  rami  of  the  os  pubis  and  ischium  ;  on  each  side  by  the  tuberosities 
of  the  ischia ;  and  behind  by  the  great  sacro-sciatic  ligaments  and  the  tip  of  the 
coccyx. 

The  diameters  of  the  outlet  of  the  pelvis  are  two,  antero-posterior  and  trans- 
verse. The  antero-posterior  extends  from  the  tip  of  the  coccyx  to  the  lower  part 
of  the  symphysis  pubis;  its  average  measurement  is  three  and  a  quarter  inches  in 
the  male  and  five  in  the  female.  The  antero-posterior  diameter  varies  with  the 
length  of  the  coccyx,  and  is  capable  of  increase  or  diminution  on  account  of  the 
mobility  of  that  bone.^     The  transverse  extends  from  the  posterior  part  of  one 

'The  measurements  of  the  pelvis  given  above  are,  T  believe,  fairly  accurate,  but  different  meas- 
prements  are  given  by  various  authors,  no  doubt  due  in  a  great  measure  to  differences  in  the  phys- 
i<|ne  and  stature  of  the  population  from  whom  the  measurements  have  been  taken.    The  accompany- 
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ischiatic  tuberosity  to  the  same  point  on  the  opposite  side :  the  average  measurement 
is  three  and  a  half  inches  in  the  male  and  four  and  three-quarters  in  the  female. 
Position  of  the  Pelvis. — In  the  erect  posture  the  pelvis  is  placed  obliquely 
with  regard  to  the  trunk  of  the  body :  the  bony  ring,  which  separates  the  true 
from  the  false  pelvis,  and  which  forms  the  essential  part  of  the  pelvis,  is  placed  so 
as  to  form  an  angle  of  about  60°  to  65°  with  the  ground  on  which  we  stand.  The 
pelvic  surface  of  the  symphysis  pubis  looks  upward  and  backward,  the  concavity 
of  the  sacrum  and  coccyx  downward  and  forward,  the  base  of  the  sacrum  in  well- 
formed  female  bodies  being  nearly  four  inches  above  the  upper  border  of  the 
symphysis  pubis,  and  the  apex  of  the  coccyx  a  little  more  than  half  an  inch  above 
its  lower  border.  The  obliquity  is  much  greater  in  the  foetus  and  at  an  early 
period  of  life  than  in  the  adult.  In  consequence  of  this  obliquity  of  the  pelvis 
the  line  of  gravity  of  the  head,  which  passes  through  the  middle  of  the  odontoid 
process  of  the  axis  and  through  the  points  of  junction  of  the  curves  of  the  vertebral 
column  to  the  sacro-vertebral  angle,  descends  toAvard  the  front  of  the  cavity,  so 
that  it  bisects  a  line  drawn  transversely  through  the  middle  of  the  heads  of  the 
thigh-bones.  And  thus  the  centre  of  gravity  of  the  head  is  placed  immediately 
over  the  heads  of  the  thigh-bones  on  which  the  trunk  is  supported. 

Axes  of  the  Pelvis  (Fig.  212). — The  plane  of  the  inlet  of  the  true  pelvis  will  be 
represented  by  a  line  draAvn  from  the  base  of  the  sacrum  to  the  upper  margin  of 
the  symphysis  pubis.  A  line  carried  at  right  angles  with  this  at  its  middle  would 
correspond  at  one  extremity  with  the  umbilicus,  and  at  the  other  with  the  middle 
of  the  coccyx  :  the  axis  of  the  inlet  is  therefore  directed  downward  and  backward. 
The  axis  of  the  outlet,  produced  upward,  would  touch  the  base  of  the  sacrum, 
and  is  therefore  directed  downward  and  forward.  The  axis  of  the  cavity  is 
curved  like  the  cavity  itself:  this  curve  corresponds  to  the  concavity  of  the  sacrum 

and  coccyx,  the  extremities  being  indicated  by 
the  central   points  of  the  inlet  and  outlet.     A 
■'^J'W^  JU  knowledge  of  the  direction  of  these  axes  serves  to 

uV    1  explain  the  course  of  the  foetus  in  its  passage 

'-»&  w    Vr^-^  through  the  pelvis  during  parturition.     It  is  also 

iS'in^A)    l^lwl  important   to   the   surgeon,    as    indicating    the 

.^.  direction  of  the  force  required  in  the  removal  of 

^^5??^^>^    >\^  calculi  from  the  bladder,  and  as  determining  the 

"^^^v^  direction  in  which  instruments  should  be  used  in 

w  ^^^^^^  w        operations  upon  the  pelvic  viscera. 

•^7  N^vM  Differences   between  the   Male    and    Female 

,^^)'C^^^^  >1\\      ^®l^s. — The  feinaJe  pelvis,  looked  at  as  a  whole, 

^/      ^^c  \|jr      is  distinguished  from  the  male  by  the  bones  being 

"^  W)}      more  delicate,  by  its  width  being  greater  and  its 

\^  j^       depth  smaller.     The  whole  pelvis  is  less  massive, 

^M         and  its  bones  are  lighter  and  more  slender,  and 
its  muscular  impressions   are   slightly   marked. 
■^ Q^^tiei.  The  iliac  fossae  are  broad  and  expanded,  and  the 

^  anterior  iliac  spines  widely  separated ;  hence  the 

,  ^\*:u^J?~^i*^^-^*!-®^'^Vk^  °^  t^e  pel.     orreater  prominence  of  the  hips.     The  inlet  in 

vis,  with  lines  Indicating  the  axes  of  the      *^i       «         (      •     ,  ,  •        i  '  ,         .     . 

pelvis.  the  female  is  larger  than  m  the  male ;  it  is  more 

nearly  circular,  and  the  sacro-vertebral  angle 
projects  less  forward.  The  cavity  is  shallower  and  wider;  the  sacrum  is  shorter 
and  wider,  and  its  lower  half  forms  a  greater  angle  with  its  upper;  the  obturator 
foramina  are  triangular,  and  smaller  in  size  than  in  the  male.  The  outlet  is 
larger  and  the  coccyx  more  movable.     The  spines  of  the  ischia  project  less  in- 

ing  chart  has  been  formulated  to  show  the  measurements  of  the  pelvis,  which  are  adopted  by  many 
ot^tetricians. — Ed. 

A.  p.         Obi.         Tr. 

Inlet 4  4J  5 

Cavity 4*  \\  4} 

Outlet 5'  4i  4 
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ward.  The  tuberosities  of  the  ischia  and  the  acetabula  are  wider  apart.  The 
puhic  arch  is  wider  and  more  rounded  than  in  the  male,  where  it  is  an  angle 
rather  than  an  arch ;  its  pillars  are  somewhat  excavated,  and  sloped  from  within 
outward,  so  that  their  inner  surfaces  look  forward.  In  consequence  of  this  the 
width  of  the  fore  part  of  the  pelvic  outlet  is  much  increased  and  the  passage  of  the 
foetal  head  facilitated. 

The  size  of  the  pelvis  varies,  not  only  in  the  two  sexes,  but  also  in  different 
members  of  the  same  sex.  This  does  not  appear  to  be  influenced  in  any  way  by 
the  height  of  the  individual.  Women  of  short  stature,  as  a  rule,  have  broad  pelves. 
Occasionally  the  pelvis  is  equally  contracted  in  all  its  dimensions,  so  much  so  that 
all  its  diameters  measure  an  inch  less  than  the  average,  and  this  even  in  women 
of  average  height  and  otherwise  w^ell  formed.  The  principal  divergences,  however, 
are  found  at  the  inlet,  and  affect  the  relation  of  the  antero-posterior  to  the  transverse 
diameter-  Thus  we  may  have  a  pelvis  the  inlet  of  which  is  elliptical  either  in  a 
transverse  or  antero-posterior  direction ;  the  transverse  diameter  in  the  former 
and  the  antero-posterior  in  the  latter  greatly  exceeding  the  other  diameters.  Again, 
the  inlet  of  the  pelvis  in  some  instances  is  seen  to  be  almost  circular. 

The  same  differences  are  found  in  various  races.  European  women  are  said  to 
have  the  most  roomy  pelves.  That  of  the  negress  is  smaller,  circular  in  shape,  and  with 
a  narrow  pubic  arch.     The  Hottentots  and  Bushwomen  possess  the  smallest  pelves. 

In  xhefcetus  and  for  several  years  after  birth  the  pelvis  is  small  in  proportion 
to  that  of  the  adult.  The  cavity  is  deep,  and  the  projection  of  the  sacro-vertebral 
angle  less  marked.  The  antero-posterior  and  transverse  diameters  are  nearly 
equal.  About  puberty  the  pelvis  in  both  sexes  presents  the  general  characters  of 
the  adult  male  pelvis;  but  after  puberty  it  acquires  its  proper  sexual  characters. 

SnrflEU^e  Form. — ^The  pelvic  bones  are  so  thickly  covered  with  muscles  that  it  is  only  at  cer- 
tain points  that  they  approach  the  surface  and  can  be  felt  through  the  skin.  In  front,  the 
antenor  superior  spinous  process  is  easily  to  be  recognized ;  a  nortion  of  it  is  subcutaneous, 
and  in  thin  subjects  may  be  seen  to  stand  out  as  a  prominence  at  tiie  outer  extremity  of  the  fold 
of  the  groin.  In  fat  subjects  its  position  is  marked  by  an  oblique  depression  amongst  the  sur- 
rounding fat,  at  the  bottom  of  which  the  bony  process  may  be  felt.  Proceeding  upward  and 
oatward  from  this  process,  the  crest  of  the  ilium  may  be  traced  throughout  its  whole  length, 
»nTiousl3'  curved.  It  is  represented,  in  muscular  subjects,  on  the  surface,  by  a  groove  or  fur- 
row, the  Uiacfnrrowy  caused  by  the  projection  of  fleshy  fibres  of  the  External  oblique  muscle 
of  the  abdomen.  It  terminates  behmd  in  the  posterior  superior  spinous  process,  the  position 
of  which  is  indicated  by  a  slight  depression  on  a  level  with  and  on  each  side  of  the  spinous 
process  of  the  second  sacral  vertebra.  Between  the  two  posterior  superior  spinous  processes, 
bat  at  a  lower  level,  is  to  be  felt  the  spinous  process  of  the  third  sacral  vertebra  (see  page  164). 
Another  part  of  the  bony  pelvis  which  is  easily  accessible  to  the  touch  is  the  tuberosity  of  the 
iichium,  situated  beneatli  the  gluteal  fold,  and,  when  the  hip  is  flexed,  easily  to  be  felt,  as  it  is 
then  to  a  great  extent  uncovered  by  muscle.  Finally,  the  spine  of  the  os  pubis  can  always  be 
readily  felt,  and  constitutes  an  important  surgical  guide,  especially  in  connection  with  the  sub- 
ject of  hernia.  It  is  nearly  in  the  same  horizontal  line  with  the  upper  edge  of  the  great  tro- 
chanter. In  thin  subjects  it  is  very  apparent,  but  in  the  obese  it  is  obscured  by  the  pubic  fat 
It  can.  however,  be  detected  by  following  up  the  tendon  of  origin  of  the  Adductor  longus 
mo^Kle. 

Snrgical  Anatomy. — ^There  is  arrest  of  development  in  the  bones  of  the  pelvis  in  cases 
of  extroversion  of  the  bladder;  the  anterior  part  of  the  pelvic  girdle  being  deficient,  the  bodies 
of  the  pubic  bones  imperfectly  developed,  and  the  svmphysis  absent.  The  pubic  bones  are 
separated  to  the  extent  of  from  two  to  four  inches,  the  superior  rami  shortened  and  directed 
forward,  and  the  obturator  foramen  diminished  in  size,  narrowed,  and  turned  outward.  The 
iliac  bones  are  straightened  out  more  than  normal.  The  sacrum  is  very  peculiar.  The  lateral 
curve,  instead  of  being  concave,  is  flattened  out  or  even  convex,  with  the  ilio-sacral  facets 
tumcfl  more  outwsurd  than  normal,  while  the  vertical  curve  is  straightened.* 

Fractures  of  the  pelvis  are  divided  into  fractures  of  the  false  pelvis  and  of  the  true  pelvis. 
Fractures  of  the  false  pelvis  vary  in  extent :  a  small  portion  of  the  crest  may  be  broken  or  one 
of  the  spinous  processes  may  be  torn  off,  and  this  may  be  the  result  of  muscular  action ;  or  the 
bone  may  be  extensively  comminuted.  This  latter  accident  is  the  result  of  some  crushing  vio- 
lent, and  may  be  complicated  with  fracture  of  the  true  pelvis.  These  cases  may  be  accom- 
panied by  injury  to  the  intestine  as  it  lies  in  the  hollow  of  the  bone,  or  to  the  iliac  vessels  as 
they  coarse  alon^  the  margin  of  the  true  pelvis.  Fractures  of  the  true  nelvis  generally  occur 
through  the  horizontal  ramus  of  the  os  pubis  and  the  ascending  ramus  or  the  ischium,  as  this 
is  the  weakest  part  of  the  bony  ring,  and  may  be  caused  either  by  crushing  violence  applied 

1  Wood.    Heath's  Dtcticmany  of  Practical  Surgey-y,  i.  426. 
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in  an  antero-posteiior  direction,  when  the  fracture  occurs  from  direct  force,  or  by  compression 
laterally,  when  the  acetabula  are  pressed  together,  and  the  bone  gives  way  in  the  same  place 
from  indirect  violence.  Occasionally  the  fracture  may  be  double,  occurring  on  both  sides  of  the 
body.  It  is  in  these  cases  that  iiyur}'  to  the  contained  viscera  is  liable  to  take  place  :  the  urethra, 
the  bladder,  the  rectum,  the  vagina  in  the  female,  the  small  intestines,  ana  even  the  uterus, 
have  all  been  lacerated  by  a  dismaced  fragment.  Fractures  of  the  acetabulum  are  oecasionallv 
met  with  :  either  a  portion  of  tne  rim  may  be  broken  off,  or  a  fracture  may  take  place  through 
the  bottom  of  the  cavity,  and  the  head  of  the  femur  driven  inward  and  project  into  the  pelvic 
cavity.  Separation  of  the  Y-shaped  cartilage  at  the  bottom  of  the  acetaoulum  may  also  occur 
in  the  young  subject,  se{)arating  tne  bone  into  its  three  anatomical  portions. 

The  sacrum  is  oc(»sionally,  but  rarely,  broken  by  direct  violence — L  c  blows,  kicks,  or  falls 
on  the  part  The  lesion  may  be  complicated  with  injury  to  the  nerves  of  the  sacral  plexus, 
leading  to  paralysis  and  loss  of  sensation  in  the  lower  extremity,  or  to  incontinence  of  faeces 
from  paralysis  of  the  sphincter  ani. 

The  pelvic  bones  often  undergo  important  deformity  in  rickets,  the  effect  of  which  in  the 
adult  woman  may  interfere  seriously  with  childbearing.  In  consequence  of  the  yielding  nature 
of  the  bones,  the  acetabula  become  approximated,  the  symphysis  is  pushed  forward,  and  the 
an tero- posterior  diameter  lessened.  In  osteo-malacia  also  great  deformity  may  occur,  the  pelvis 
becoming  beak -shaped.  The  promontory  of  the  sacrum  is  pushed  forward  by  the  weight  of  the 
body,  and  the  sides  of  the  pelvis  are  approximated  by  the  pressure  of  the  two  thigh-bones :  this 
gives  to  the  pelvis  the  peculiar  deformity  which  is  characteristic  of  this  disease. 

THE  THIGH. 

The  Femur,  or  Thigh-Bone. 

The  Femur  (femur,  the  thigh)  is  the  longest,*  largest,  and  strongest  bone  in 
the  skeleton,  and  almost  perfectly  cylindrical  in  the  greater  part  of  its  extent.  In 
the  erect  posture  it  is  not  vertical,  being  separated  from  its  fellow  above  by  a 
considerable  interval,  which  corresponds  to  the  entire  breadth  of  the  pelvis,  but 
inclining  gradually  downward  and  inward,  so  as  to  approach  its  fellow  toward 
its  lower  part,  for  the  purpose  of  bringing  the  knee-joint  near  the  line  of  gravity 
of  the  body.  The  degree  of  this  inclination  varies  in  different  persons,  and  is 
greater  in  the  female  than  the  male,  on  account  of  the  greater  breadth  of  the 
pelvis.  The  femur,  like  other  long  bones,  is  divisible  into  a  shaft  and  two 
extremities. 

The  Upper  Extremity  presents  for  examination  a  head,  a  neck,  and  the  great 
and  lesser  trochanters. 

The  head,  which  is  globular,  and  forms  rather  more  than  a  hemisphere,  is 
directed  upward,  inward,  and  a  little  forward,  the  greater  part  of  its  convexity 
being  above  and  in  front.  Its  surface  is  smooth,  coated  with  cartilage  in  the 
recent  state,  except  at  a  little  behind  and  below  its  centre,  where  is  an  ovoid 
depression,  for  the  attachment  of  the  ligamentum  teres.  The  neck  is  a  flattened 
pyramidal  process  of  bone  which  connects  the  head  with  the  shaft.  It  varies  in 
length  and  obliquity  at  various  periods  of  life  and  under  different  circumstances. 
The  angle  is  widest  in  infancy,  and  becomes  lessened  during  growth,  so  that  at 
puberty  it  forms  a  gentle  curve  from  the  axis  of  the  shaft.  In  the  adult  it  forms 
an  angle  of  about  130°  with  the  shaft,  but  varies  in  inverse  proportion  to  the 
development  of  the  pelvis  and  the  stature.  In  consequence  of  the  prominence  of 
the  hips  and  widening  of  the  pelvis  in  the  female,  the  neck  of  the  thigh-bone  forms 
more  nearly  a  right  angle  with  the  shaft  than  it  does  in  man.  It  has  been  stated 
that  the  angle  diminishes  in  old  age  and  the  direction  of  the  neck  becomes 
horizontal,  but  this  statement  is  founded  on  insufficient  evidence.  Sir  George 
Humphry  states  that  the  angle  decreases  during  the  period  of  growth,  but  after 
full  growth  has  been  attained  it  does  not  usually  undergo  any  change,  even  in  old 
age.  He  further  states  that  the  angle  varies  considerably  in  different  persons  of 
the  same  age.  It  is  smaller  in  short  than  in  long  bones,  and  when  the  pelvis 
is  wide.*  The  neck  is  flattened  from  before  backward,  contracted  in  the  middle, 
and  broader  at  its  outer  extremity,  where  it  is  connected  with,  the  shaft,  than  at 
its  summit,  where  it  is  attached  to  the  head.     The  vertical  diameter  of  the  outer 

^  In  a  man  six  feet  high  it  measures  eighteen  inches — one-fourth  of  the  whole  body. 
*  Journal  of  AncUomy  and  Physiology. 
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Fig.  218.— Right  femur.    Anterior  sur&ce. 


half  is  increased  by  the  thicken- 
ing of  the  lower  edge,  which  slopes 
downward  to  join  the  shaft  at  the 
lesser  trochanter,  so  that  the  outer 
half  of  the  neck  is  flattened  from 
before  backward,  and  its  vertical 
diameter  measures  one-third  more 
than  the  antero-posterior.     The  inner  half  is 
smaller  and  of  a  more  circular  shape.     The 
anterior  surface  of  the  neck  is  perforated  by 
numerous   vascular   foramina.      The  posterior 
surface  is  smooth,   and  is  broader   and  more 
concave  than  the  anterior ;  it  gives  attachment 
to  the  posterior  part  of  the  capsular  ligament 
of  the  hip-joint,  about  half  an  inch  above  the 
posterior  intertrochanteric  line.     The  superior 
border  is  short  and  thick,  and  terminates  exter- 
nally at  the  great  trochanter ;  its  surface  is  per- 
forated by  large  foramina.    The  inferior  border^ 
long  and  narrow,  curves  a  little  backward,  to 
terminate  at  the  lesser  trochanter. 

The  Trochanters  (r/>ojrc£ft),  to  run  or  roll)  are 
prominent  processes  of  bone  which  afford  lever- 
age to  the  muscles  which  rotate  the  thigh  on  its 
axis.  They  are  two  in  number,  the  great  and 
the  lesser. 

The  (hreat  Trochanter  is  a  large,  irregular, 
quadrilateral  eminence,  situated  at  the  outer 
side  of  the  neck,  at  its  junction  with  the  upper 
part  of  the  shaft.  It  is  directed  a  little  out- 
ward and  backward,  and  in  the  adult  is  about 
three-quarters  of  an  inch  lower  than  the  head. 
It  presents  for  examination  two  surfaces  and 
four  borders.  The  external  surface,  quadri- 
lateral in  form,  is  broad,  rough,  convex,  and 
marked  by  a  prominent  diagonal  line,  which 
extends  from  the  posterior  superior  to  the 
anterior  inferior  angle ;  this  line  serves  for  the 
attachment  of  the  tendon  of  the  Gluteus  medius. 
Above  the  line  is  a  triangular  surface,  some- 
times rough  for  part  of  the  tendon  of  the  same 
muscle,  sometimes  smooth  for  the  interposition 
of  a  bursa  between  that  tendon  and  the  bone. 
Below  and  behind  the  diagonal  line  is  a  smooth, 
triangular  surface,  over  which  the  tendon  of  the 
Gluteus  maximus  muscle  plays,  a  bursa  being 
interposed.  The  internal  surface  is  of  much 
less  extent  than  the  external,  and  presents  at 
its  base  a  deep  depression,  the  diffital  or  tro- 
chanteric fossa,  for  the  attachment  of  the  tendon 
of  the  Obturator  externus  muscle,  and  in  front 
of  this  an  impression  for  the  attachment  of  the 
Obturator  internus  and  Gemelli.  The  superior 
border  is  free;  it  is  thick  and  irregular,  and 
marked  near  the  centre  by  an  impression  for 
the  attachment  of  the  Pyriformis.  The  inferior 
border  corresponds  to  the  point  of  junction  of 
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the  base  of  the  trochanter  with  the  outer  surface  of  the  shaft ;  it  is  marked  by  a 
rough,  prominent,  slightly  curved  ridge,  which  gives  attachment  to  the  upper 
part  of  the  Vastus  externus  muscle.  The  anterior  border  is  prominent,  somewhat 
irregular,  as  well  as  the  surface  of  bone  immediately  below  it ;  it  affords  attach- 
ment at  its  outer  part  to  the  Gluteus  minimus.  The  posterior  border  is  very 
prominent,  and  appears  as  a  free,  rounded  edge,  which  forms  the  back  part  of  the 
digital  fossa. 

The  Lesser  Trochanter  is  a  conical  eminence  which  varies  in  size  in  different 
subjects;  it  projects  from  the  lower  and  back  part  of  the  base  of  the  neck.  Its 
base  is  triangular,  and  connected  with  the  adjacent  parts  of  the  bone  by  three 
well-marked  borders :  two  of  these  are  above — the  internal  continuous  with  the 
lower  border  of  the  neck,  the  external  with  the  posterior  intertrochanteric  line — 
while  the  inferior  border  is  continuous  with  the  middle  division  of  the  linea 
aspera.  Its  summit,  which  is  directed  inward  and  backward,  is  rough,  and 
gives  insertion  to  the  tendon  of  the  Psoas  magnus.  The  Iliacus  is  inserted  into 
the  shaft  below  the  lesser  trochanter  between  the  Vastus  intern  us  in  front  and 
the  Pectineus  behind. 

A  well-marked  prominence  of  variable  size,  which  projects  from  the  upper 
and  front  part  of  the  neck  at  its  junction  with  the  great  trochanter,  is  called  the 
tubercle  of  the  femur ;  it  is  the  point  of  meeting  of  five  muscles :  the  Gluteus 
minimus  externally,  the  Vastus  externus  below,  and  the  tendon  of  the  Obturator 
internus  and  Gemelli  above.  Running  obliquely  downward  and  inward  from 
the  tubercle  is  the  spiral  line  of  the  femur,  or  anterior  intertrochanteric  line  ;  it 
winds  round  the  inner  side  of  the  shaft,  below  the  lesser  trochanter,  and  termi- 
nates in  the  linea  aspera,  about  two  inches  below  this  eminence.  Its  upper  half 
is  rough,  and  affords  attachment  to  the  capsular  ligament  of  the  hip-joint ;  its 
lower  half  is  less  prominent,  and  gives  attachment  to  the  upper  part  of  the  Vastus 
internus.  Running  obliquely  downward  and  inward  from  the  summit  of  the 
great  trochanter  on  the  posterior  surface  of  the  neck  is  a  very  prominent,  well- 
marked  ridge,  the  posterior  intertrochanteric  line.  Its  upper  half  forms  the 
posterior  border  of  the  great  trochanter,  and  its  lower  half  runs  downward  and 
inward  across  the  neck  of  the  bone  to  the  upper  and  back  part  of  the  lesser 
trochanter.  A  slight  ridge  sometimes  commences  about  the  middle  of  the  posterior 
intertrochanteric  line,  and  passes  vertically  downward  for  about  two  inches  along 
the  back  part  of  the  shaft :  it  is  called  the  linea  quadrata^  and  gives  attachment  to 
the  Quadratus  femoris  and  a  few  fibres  of  the  Adductor  magnus  muscles.^ 

The  Shaft,  almost  cylindrical  in  form,  is  a  little  broader  above  than  in  the 
centre,  and  somewhat  flattened  below,  from  before  backward.  It  is  slightly 
arched,  so  as  to  be  convex  in  front  and  concave  behind,  where  it  is  strengthened 
by  a  prominent  longitudinal  ridge,  the  linea  aspera.  It  presents  for  examination 
three  borders,  separating  three  surfaces.  Of  the  three  borders,  one,  the  linea 
aspera,  is  posterior;  the  other  two  are  placed  laterally. 

The  linea  aspera  (Fig.  214)  is  a  prominent  longitudinal  ridge  or  crest,  on  the 
middle  third  of  the  bone,  presenting  an  external  lip,  an  internal  lip,  and  a  rough 
intermediate  space.  Above,  this  crest  is  prolonged  by  three  ridges.  The  most 
external  one  is  very  rough,  and  is  continued  almost  vertically  upward  to  the  base 
of  the  great  trochanter.  It  is  sometimes  termed  the  gluteal  ridge,  and  gives  attach- 
ment to  part  of  the  Gluteus  maximus  muscle ;  its  upper  part  is  often  elongated 
into  a  roughened  crest,  on  which  is  a  more  or  less  well-marked,  rounded  tubercle,  a 
rudimental  third  trochanter.  The  middle  ridge,  the  least  distinct,  is  continued  to 
the  base  of  the  trochanter  minor,  and  the  internal  one  is  lost  above  in  the  spiral 
line  of  the  femur.  Below,  the  linea  aspera  is  prolonged  by  two  ridges,  which 
enclose  between  them  a  triangular  space,  the  popliteal  space,  upon  which  rests  the 
popliteal  artery.     Of  these  two  ridges,  the  outer  one  is  the  more  prominent,  and 

^  Generally  there  is  merely  a  slight  thickening  about  the  centre  of  the  intertrochanteric  linCy 
marking  the  point  of  attachment  of  the  Quadratas  femoris.  This  is  termed  bj  some  anatomists  the 
tubercle  of  the  Quadratus, 
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descends  to  the  summit  of  the 
outer  condyle.  The  inner  one 
is  less  marked,  especially  at  its 
upper  part,  where  it  is  crossed 
by  the  femoral  artery.  It  ter- 
minates, below,  at  the  summit 
of  the  internal  condyle,  in  a 
small  tubercle,  the  Adductor 
tuber ele,  which  affords  attach- 
ment to  the  tendon  of  the  Ad- 
ductor magnus. 

To  the  inner  lip  of  the  linea 
aspera  and  its  inner  prolongation 
above  and  below  is  attached  the 
Vastus  intemus,  and  to  the  outer 
lip  and  its  outer  prolongation 
above  is  attached  the  Vastus 
extemus.  The  Adductor  magnu3 
is  attached  to  the  linea  aspera,  to 
its  outer  prolongation  above  and 
its  inner  prolongation  below. 
Between  the  Vastus  extemus  and 
the  Adductor  magnus  are 
attached  two  muscles — viz.  the 
Gluteus  maximuij  above,  and  the 
short  head  of  the  Biceps  below. 
Between  the  Adductor  magnus 
»nd  the  ^'astus  intemus  four 
muscles  are  attached :  the  Iliaeus 
>nd  Pectineus  above  (the  latter 
ti>  the  middle  of  the  upper  divis- 
inns) ;  below  these,  the  Adductor 
brevisand  Adductor  longu a.  The 
linea  aspera  is  perforated  a  little 
below  its  centre  by  the  nutrient 
canal,  which  is  directed  obliquely 
upward. 

The  two  lateral  borders  of  the 
femur  are  only  slightly  marked, 
the  outer  one  ext«nding  from 
the  anterior  inferior  angle  of  the 
great  trochanter  to  the  anterior 
extremity  of  the  external 
condyle ;  the  inner  one  from  the 
spiral  line,  at  a  point  opposite 
ibe  trochanter  minor,  to  the  an- 
lerior  extremity  of  the  internal 
condyle.  The  internal  border 
marks  the  limit  of  attachment 
of  the  Crureus  muscle  internally. 

The  anterior  snr&cs  includes  roovt/oriatdoni^ 

that  portion  of  the  shaft  which  ww-i..!,. 

is  situated  between  the  two 
lateral  borders.  It  is  smooth, 
convex,  broader  above  and  below 
than  in  the  centre,  slightly 
twisted,  so   that  its  upper  part  is  k,o.  JH-Hlgbt  a-mur.    Poswrior  .urtoce. 
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directed  forward  and  a  little  outward,  its  lower  part  forward,  and  a  little  inward. 
To  the  upper  three-fourths  of  this  surface  the  Crureus  is  attached;  the  lower 
fourth  is  separated  from  the  muscle  by  the  intervention  of  the  synovial 
membrane  of  the  knee-joint  and  a  bursa,  and  aifords  attachment  to  the 
Subcrureus  to  a  small  extent.  The  external  surface  includes  the  portion 
of  bone  between  the  external  border  and  the  outer  lip  of  the  linea  aspera :  it  is 
continuous  above  with  the  outer  surface  of  the  great  trochanter,  below  with  the 
outer  surface  of  the  external  condyle ;  to  its  upper  three-fourths  is  attached  the 
outer  portion  of  the  Crureus  muscle.  The  internal  surface  includes  the  portion  of 
bone  between  the  internal  border  and  the  inner  lip  of  the  linea  aspera ;  it  is 
continuous  above  with  the  lower  border  of  the  neck,  below  with  the  inner  side  of 
the  internal  condyle :  it  is  covered  by  the  Vastus  internus  muscle. 

The  Lower  Extremity,  larger  than  the  upper,  is  of  a  cuboid  form,  flattened  from 
before  backward,  and  divided  into  two  large  eminences,  the  condyles  (xdi/otj/.o^, 
a  knuckle),  by  an  interval  which  presents  a  smooth  depression  in  front  called  the 
trochlea^  and  a  notch  of  considerable  size  behind — the  intercondyloid  notch.  The 
external  condyle  is  the  more  prominent  anteriorly,  and  is  the  broader  both  in  the 
antero-posterior  and  transverse  diameters.  The  internal  condyle  is  the  narrower, 
longer,  and  more  prominent  inferiorly.  This  difference  in  the  length  of  the  two 
condyles  is  only  observed  when  the  bone  is  perpendicular,  and  depends  upon  the 
obliquity  of  the  thigh-bones,  in  consequence  of  their  separation  above  at  the 
articulation  with  the  pelvis.  If  the  femur  is  held  obliquely,  the  surfaces  of  the 
two  condyles  will  be  seen  to  be  nearly  horizontal.  The  two  condyles  are  directly 
continuous  in  front,  and  form  a  smooth  trochlear  surface,  which  articulates  with 
the  patella.  It  presents  a  median  groove,  which  extends  downward  and  back- 
ward to  the  intercondyloid  notch ;  and  two  lateral  convexities,  of  which  the 
external  is  the  broader,  more  prominent,  and  prolonged  farther  upward  upon  the 
front  of  the  outer  condyle.  The  external  border  is  also  more  prominent,  and  ascends 
higher  than  the  internal  one.  The  intercondyloid  notch  lodges  the  crucial  liga- 
ments ;  it  is  bounded  laterally  by  the  opposed  surfaces  of  the  two  condyles,  and  in 
front  by  the  lower  end  of  the  shaft. 

Outer  Condyle. — The  outer  surface  of  the  external  condyle  presents,  a  little 
behind  its  centre,  an  eminence,  the  outer  tuberosity ;  it  is  less  prominent  than  the 
inner  tuberosity,  and  gives  attachment  to  the  external  lateral  ligaments  of  the 
knee.  Immediately  beneath  it  is  a  groove  which  commences  at  a  depression  a 
little  behind  the  centre  of  the  lower  border  of  this  surface  :  the  front  part  of  this 
depression  gives  origin  to  the  Popliteus  muscle,  the  tendon  of  which  is  lodged  in 
the  groove  during  flexion  of  the  knee.  The  groove  is  smooth,  covered  with  cartilage 
in  the  recent  state,  and  runs  upward  and  backward  to  the  posterior  extremity 
of  the  condvle.  The  im^er  surface  of  the  outer  condvle  forms  one  of  the  lateral 
boundaries  of  the  intercondyloid  notch,  and  gives  attachment,  by  its  posterior  part, 
to  the  anterior  crucial  ligament.  The  inferior  surface  is  convex,  smooth,  and 
broader  than  that  of  the  internal  condyle.  The  posterior  extremity  is  conv^ex 
and  smooth:  just  above  the  articular  surface  is  a  depression  for  the  tendon  of  the 
outer  head  of  the  Gastrocnemius,  above  which  is  the  origin  of  the  Plantaris. 

Inner  Condyle. — The  inner  surface  of  the  inner  condyle  presents  a  convex 
eminence,  the  inner  tuberosity^  rough  for  the  attachment  of  the  internal  lateral 
ligament.  The  outer  side  of  the  inner  condyle  forms  one  of  the  lateral  boundaries 
of  the  intercondyloid  notch,  and  gives  attachment,  by  its  anterior  part,  to  the 
posterior  crucial  ligament.  Its  inferior  or  articular  surface  is  convex,  and 
presents  a  less  extensive  surface  than  the  external  condyle.  Just  above  the  articular 
surface  of  the  condyle,  behind,  is  a  depression  for  the  tendon  of  origin  of  the  inner 
head  of  the  Gastrocnemius. 

Structure. — The  shaft  of  the  femur  is  a  cylinder  of  compact  tissue,  hollowed 
by  a  large  medullary  canal.  The  cylinder  is  of  great  thickness  and  density  in  the 
middle  third  of  the  shaft,  where  the  bone  is  narrowest  and  the  medullary  canal 
well  formed ;  but  above  and  below  this  the  cylinder  gradually  becomes  thinner. 
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owing  to  a  separation  of  the  layers  of  the  bone  into  cancelli,  which  project  into  the 
medullary  caDsl  and  finally  obliterate  it,  so  that  the  upper  and  lower  ends  of  the 
shaft,  and  the  articular  extremities  more  especially,  consist  of  cancellated  tissue 
iDve.sted  by  a  thin,  compact  layer. 

The  arrangement  of  the  cancelli  in  the  ends  of  the  femur  is  remarkable.  In 
the  upper  end  they  are  arranged  in  two  sets.  One,  starting  from  the  top  of  the  head, 
the  upper  surface  of  the  neck,  and  the  great  trochanter,  converge  to  the  inner 
circumference  of  the  shaft  (Fig.  215) ;  these  are  placed  in  the  direction  of  greatest 
pressure,  and  serve  to  support  the  vertical  weight  of  the  body.  The  second  set 
are  planes  of  lamellse  intersecting  the  foi  .  ■  .  .         .  .         ^\\m. 

ated  in  the  line  of  the  greatest 
tension— -that  is  to  say,  along  the 
lines  in  which  the  muscles  and 
ligaments  exert  their  traction. 
In  the  bead  of  the  bone  these 


Fii;.  ZIS.— Dlanam  showInK  the  arrange-  _ 

nenlotihe  oancdU  of  the  neck  oflhe  femur.  Fro.  216.— Caleat  femorale. 

planes  are  arranged  in  a  curved  form,  in  order  to  strengthen  the  bone  when  exposed 
[fl  pressure  in  all  directions.  In  the  midst  of  the  cancellous  tissue  of  the  neck  is 
1  vertical  plane  of  compact  bone,  the  femoral  spur  {ealcar  femorale)  which  com- 
mences at  the  point  where  the  neck  joins  the  shaft  midway  between  the  lesser 
triwhanter  and  the  internal  border  of  the  shaft  of  the  hone,  and  extends  in  the 
direction  of  the  digital  fossa  (Fig.  216).  This  materially  strengthens  this  portion 
<if  the  hone.  Another  point  in  connection  with  the  structure  of  the  neck  of  the 
ftmur  requires  mention,  especially  on  account  of  its  influence  on  the  production  of 
fracture  in  this  situation.  It  will  be  noticed  that  a  considerable  portion  of  the 
greai  trochanter  lies  behind  the  level  of  the  posterior  surface  of  the  neck  ;  and  if  a 
section  be  made  through  the  trochanter  at  this  level,  it  will  be  seen  that  the 
posierior  wall  of  the  neck  is  prolonged  into  the  trochanter.  This  prolongation  is 
temed  by  Bigelow  the  "  true  neck," '  and  forms  a  thin,  dense  plate  of  bone,  which 
passes  beneath  the  posterior  intertrochanteric  ridge  toward  the  outer  surface  of 
ibe  bone. 

In  the  lower  end  the  cancelli  spring  on  all  sides  from  the  inner  surface  of 
tbe  cylinder,  and  descend  in  a  perpendicular  direction  to  the  articular  surface,  the 
rancelli  being  strongest  and  having  a  more  accurately  perpendicuhir  course  above 
the  condyles.     In  addition  to  this,  however,  horizontal  planes  of  cancellous  tissue 

'  Bu/dmi-  on  the  Hip,  p.  121, 
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are  to  be  Been,  bo  that  the  spongy  tissue  in  thiB  situation  preBents  an  appearance  of 
being  mapped  out  into  a  series  of  rectangular  areas. 

AjticnUtionB. — With  three  bones  :  the  os  innominatum,  tibia,  and  patella. 
Development  (Fig.  217). — The  femur  is  developed  h\  Jive  centres:  one  for  the 
shaft,  one  for  each  extremity,  and  one  for  each  trochanter.    Of  all  the  long  bones, 
except  the  clavicle,  it  is  the  first  to  show  traces  of  ossification :  this  commences  in 
the  shaft,  at  about  the  fifth  week  of  foetal  life,  the  centres  of  ossification  in  the 
epiphyses  appearing  in  the  following 
\pptan  ai  ctuJ        Order :   First,  in    the  lower   end  of 
ofittyear:  the  bone,  at  the  ninth  month  of  foetal 

''"e^'U^,  "Tstht^^       ''fe'    (from   this   the   condyles    and 

atauWsjA]  tuberosities  are  formed) ;  in  the  head 

at  the  end  of  the  first  year  after 
/Jtt-ijU*  jr«H-;  |jj^([j .  jj)  ^jjg  great  trochanter,  during 
the  lourth  year;  and  in  the  lesser 
trochanter,  between  the  thirteenth 
and  fourteenth.  The  order  in  which 
the  epiphyses  are  joined  to  the  shaft 
is  the  reverse  of  that  of  their  appear- 
ance: their  junction  does  not  com- 
mence until  after  puberty,  the  lesser 
trochanter  being  first  joined,  then 
the  great,  then  the  head,  and,  lastly, 
the  inferior  extremity  (the  first  in 
which  ossification  commenced),  which 
is  not  united  until  the  twentieth 
year. 

Attachment      of      Hoacles. — To 
twenty-three.      To    the    great    tro- 
chanter :  the  Gluteus  medius,  Gluteus 
A^  ihafl  fl(  toih  minimus,  Pyriformis.  Obturator  inter- 

^  nus.   Obturator   extemus.   Gemellus 

,         J  „.,  superior.     Gemellus     inferior      "■"■ 

Lmrer  fxtTtmay.  i-i.._j__...,    r :.        1i.     .U„ 


Fio.  317.— PUq  of  Che  development  of  th 


Quadratus  femoris.  To  the  lesser 
trochanter:  the  Psoas  magnus  and 
the  Iliacus  below  it.  To  the  shaft: 
the  Vastus  extemus,  Gluteus  maximus,  short  head  of  the  Biceps,  Vastus  internus. 
Adductor  magnus,  Pectineus,  Adductor  brevis.  Adductor  longus,  Crureus,  and 
Subcrureus.     To  the  condyles:  the  Gastrocnemius,  Plantaria,  and  Popliteus. 

Surface  Form.— The  femur  is  covered  with  muscles,  so  that  in  fairly  muscular  subjects  the 
shafV  is  Dot  to  be  detected  through  its  fleshy  covering,  and  the  only  parts  aceettsible  to  the  touch 
are  the  outer  surface  of  the  great  trochanter  and  the  lower  expanded  end  of  the  bone.  The 
eztemalaurfaceof  the  great  trochanter  is  to  be  felt,  especially  in  certain  positions  of  the  limb.  Its 
position  is  generally  indicatc-d  by  a  depression,  owing  to  tlie  thickness  of  the  Gluteus  medius  and 
minimus,  which  project  above  it.  When,  however,  the  thigh  is  flexed,  and  especially  if 
crossed  over  the  opposite  one,  the  trochanter  produces  a  blunt  eminence  on  the  nurface.  The 
upper  bonier  is  about  on  a  line  with  the  spine  of  the  os  pubis,  and  its  exact  level  is  indicated  by 
a  line  drawn  from  the  anterior  superior  spLnous  process  of  the  ilium,  over  the  outer  side  of  the 
hip,  to  the  most  prominent  point  of  the  tuberosity  of  the  ischium.  This  is  known  as  N^laton's 
line.  The  outer  and  inner  condyles  of  the  lower  extremity  are  easily  to  be  felt.  The  outer  one 
is  more  Bubcutnncous  than  the  inner  one,  and  readily  fell>  Tlie  tuberosity  on  it  is  comparatively 
little  developed,  but  can  be  more  or  less  easily  recognized.  Tiie  inner  condyle  is  more  thickly 
covered,  and  this  gives  a  fceneral  convex  outline  to  this  part,  especially  when  the  knee  is 
flexed.  The  tuberosity  on  it  is  easily  felt,  and  at  the  upper  part  of  the  condj^le  the  sharp 
tubercle  for  the  insertion  of  the  tendon  of  the  Adductor  magnus  can  be  recognized  without 
difficulty.  When  the  knee  is  flexed,  and  the  patella  situated  in  the  interval  between  the  con- 
dyles and  the  upper  end  of  the  tibia,  a  part  of  the  trochlear  surface  of  the  femur  can  be  made 
out  above  the  patella 

Surgical  Anatomy. — There  are  one  or  two  points  about  the  ossification  of  the  fenaur 

'  ThU  IE  the  only  epiphysis  in  whicli  ossilifation  begins  before  birth. 
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bearing  on  practice  to  which  allusion  must  be  made.  It  has  been  stated  above  that  the 
lower  end  of  the  femur  is  the  only  epiphysis  in  which  ossification  has  commenced  at  the  time  of 
birth.  The  presence  of  this  ossific  centre  is,  therefore,  a  proof,  in  newly-born  children  found 
dead,  that  the  child  has  arrived  at  the  full  period  of  utero-^estation,  and  is  always  relied  upon  in 
medioo-legal  investigations.  The  position  of  the  epiphysial  line  should  be  carefully  noted.  It 
is  on  a  level  with  the  adductor  tubercle,  and  the  epiphysis  does  not,  therefore,  form  the  whole 
of  the  cartilage-clad  portion  of  the  lower  end  of  the  bone.  It  is  essential  to  bear  this  point  in 
mind  in  performing  excision  of  the  knee,  since  growth  in  length  of  the  femur  takes  place  chiefly 
from  the  lower  epiphvsis,  and  any  interference  with  the  epiphysial  cartilage  in  a  young  child 
wonld  involve  such  ultimate  shortening  of  the  limb,  from  want  of  growth,  as  to  render  it 
almost  useless.  Separation  of  the  lower  epiphysis  ma^  take  place  up  to  the  age  of  twenty,  at 
which  time  it  becomes  completely  joined  to  the  shaft  of  the  bone ;  but,  as  a  matter  of  fact,  few 
cases  occur  after  the  age  of  sixteen  or  seventeen.  The  upper  epiphysis  of  the  femur  is  of 
interest  principally  on  account  of  its  being  the  seat  of  origm  of  a  large  number  of  cases  of 
tubercular  disease  of  the  hii)-joint.  The  disease  commences  in  the  majority  of  cases  in  the 
highly  vascular  and  growing  tissue  in  the  neighborhood  of  the  epiphysis,  and  from  here  extends 
into  the  joint 

Fractures  of  the  femur  are  divided,  like  those  of  the  other  long  bones,  into  fractures  of  the 
upper  end ;  of  the  shaft ;  and  of  the  lower  end.  The  fractures  of  the  upper  end  may  be 
classified  into  (1)  fracture  of  the  neck;  (2)  fracture  at  the  junction  of  the  necK  with  the  great 
trochanter;  (3)  fracture  of  the  great  trochanter;  and  (4)  separation  of  the  epiphysis,  either 
of  the  head  or  of  the  great  trochanter.  The  first  of  these,  fracture  of  the  neck,  is  usually 
termed  intracapsular  fracture,  but  this  is  scarcely  a  correct  designation,  as,  owing  to  the  attach- 
ment of  the  capsular  ligament,  the  fracture  may  be  partly  withm  and  partly  without  the  cap- 
sule, when  the  fracture  occurs  at  the  lower  part  of  the  neck.  It  generally  occurs  in  old  people, 
principally  women,  and  usually  from  a  very  slight  degree  of  indirect  violence.  Probably 
the  main  cause  of  the  fracture  taking  place  in  old  people  is  in  consequence  of  the  degenerative 
changes  which  the  bone  has  undergone.  Merkel  oelieves  that  it  is  mainly  due  to  the  absorp- 
tion of  the  calcar  femorale.  These  fractures  are  occasionally  impacted.  As  a  rule  they  unite  by 
fibrous  tissue,  and  frequently  no  union  takes  place,  and  the  surfaces  of  the  fracture  become 
smooth  and  ebumated. 

Fractures  at  the  junction  of  the  neck  with  the  great  trochanter  are  usuall^^  termed  extra- 
capsular, but  this  designation  is  also  incorrect,  as  the  fracture  is  partly  withm  the  capsule, 
owin^  to  its  attachment  in  front  to  the  anterior  intertrochanteric  line,  which  is  situated  below 
the  line  of  fracture.  These  fractures  are  produced  by  direct  violence  to  the  ^at  trochanter,  as 
from  a  blow  or  fall  laterally  on  the  hip.  From  the  manner  in  which  the  accident  is  caused,  the 
na^  of  the  bone  is  driven  into  the  trochanter,  where  it  may  remain  impacted,  or  the  trochanter 
may  be  split  up  into  two  or  more  fragments,  and  thus  no  fixation  takes  place. 

Fractures  of  the  great  trochanter  may  be  either  '*  oblique  fracture  through  the  trochanter 
major,  without  implicating  the  neck  of  the  bone  "  (^Astley  Cooper),  or  separation  of  the  great 
trochanter.  Most  of  the  recorded  cases  of  this  latter  uyury  occurred  in  younp  persons,  and  were 
probably  cases  of  separation  of  the  epiphysis  of  the  great  trochanter.  Separation  of  the  epiphysis 
of  the  head  of  the  femur  has  been  said  to  occur,  but,  as  far  as  I  know,  has  never  been  verified 
br  post-mortem  examination. 

Fractures  of  the  shaft  may  occur  at  any  part,  but  the  most  usual  situation  is  at  or  near  the 
<*entre  of  the  bone.  They  may  be  caused  by  direct  or  indirect  violence  or  by  muscular  action. 
Fractures  of  the  upper  third  of  the  shaft  are  almost  always  the  result  oi  indirect  violence, 
whilst  those  of  the  lower  third  are  the  result,  for  the  most  part,  of  direct  violence.  In  the 
middle  third  fractures  occur  from  both  forms  of  injury  in  about  equal  proportions.  Fractures 
of  the  shaft  are  generally  oblique,  but  they  may  be  transverse,  longitudinal,  or  spiral.  The 
iTMisverse  fracture  occurs  most  frequently  in  children.  The  fractures  of  the  lower  end  of  the 
lemur  include  transverse  fracture  above  the  condyles,  the  most  common ;  and  this  may  be  com- 
plicated by  a  vertical  fracture  between  the  condyles,  constituting  the  T-shaped  fracture.  In 
tbeae  cases  the  popliteal  artery  is  in  danger  of  being  wounded.  Oblique  fracture,  separating 
either  the  internal  or  external  condyle,  and  a  longitudinal  incomplete  fracture  between  the  con- 
dyles, may  also  take  place. 

The  femur  as  well  as  the  other  bones  of  the  leg  are  frequently  the  seat  of  acute  necrosis  in 
young  children.  This  is  no  doubt  due  to  their  greater  exposure  to  injury,  which  is  often  the 
exciting  cause  of  this  disease.  Tumors  not  unfrequently  are  found  growing  from  the  femur: 
the  most  common  forms  being  sarcoma,  which  may  grow  either  from  the  periosteum  or  from  the 
medullary  tissue  within  the  interior  of  the  bone ;  and  exostosis,  which  is  commonly  found 
originating  in  the  neighborhood  of  the  epiphysial  cartilage  of  the  lower  end. 

THE  LEG. 

The  skeleton  of  the  Leg  consists  of  three  bones  :  the  Patella,  a  large  sesamoid 
bone,  placed  in  front  of  the  knee ;  the  Tibia ;  and  the  Fibula. 

The  Patella  (Figs.  218,  219.) 

The  Patella  {patella,  a  small  pan)  is  a  flat,  triangular  bone,  situated  at  the 
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anterior   part  of    the    knee-joint.     It  is   usually   regarded  as  a  sesamoid  bone, 
developed  in  the  tendon  of  the  Quadriceps  extensor.     It  resembles  these  bones 

(1)  in  its  being  developed  in  a 
tendon ;  (2)  in  its  centre  of  ossi- 
fication presenting  a  knotty  or 
tuberculated  outline  similar  to 
other  sesamoid  bones ;  (3)  in  its 
structure  being  composed  maioly 
of  dense  cancellous  tissue,  as  in 
the  other  sesamoid  bones.  It 
serves  to  protect  the  front  of 
the  joint,  and  increases  the 
leverage  of  the  Quadriceps  ex- 

Fiu.  2IK,-Righl  piiteUa.    An-  Fni.  219— Right    paU'lla,       .  *,  ,.  ..  f^     . 

tcrior  sUTfocc.  Posterior  eurlbce.  teQSOr    bv    making    it    aCt    at    & 

greater  angle.  It  presents  an 
anterior  and  posterior  surface,  three  borders,  and  an  apex. 

The  Ulterior  snrftice  ts  convex,  perforated  by  small  apertures,  for  the  passage 
of  nutrient  vessels,  and  marked  by  numerous  rough,  longitudinal  striee.  This 
surface  is  covered,  in  the  recent  state,  by  an  expansion  from  the  tendon  of  the 
Quadriceps  extensor,  which  is  continuous  below  with  the  superficial  fibres  of  the 
ligamentum  patellse.  It  is  separated  from  the  integument  by  a  bursa.  The 
posterior  sorface  presents  a  smooth,  oval-shaped,  articular  surface,  covered  with 
cartilage  in  the  recent  state,  and  divided  into  two  facets  by  a  vertical  ridge,  which 
descends  from  the  superior  border  toward  the  inferior  angle  of  the  bone.  The 
ridge  corresponds  to  the  groove  on  the  trochlear  surface  of  the  femur,  and  the  two 
facets  to  the  articular  surfaces  of  the  two  condyles ;  the  outer  facet,  for  articulation 
with  the  outer  condyle,  being  the  broader  and  deeper.  This  character  serves  to 
indicate  the  side  to  which  tne  bone  belongs.  Below  the  articular  surface  is  a 
rough,  convex,  non-articular  depression,  the  lower  half  of  which  gives  attachment 
to  tne  ligamentum  patellse,  the  upper  half  being  separated  from  the  head  of  the 
tibia  by  adipose  tissue. 

The  superior  border  is  thick,  and  sloped  from  behind,  downward  and  forward : 
it  gives  attachment  to  that  portion  of  the  Quadriceps  extensor  which  is  derived 
from  the  Rectus  and  Crureus  muscles.  The  lateral  borders  are  thinner,  converging 
below.  They  give  attachment  to  that  portion  of  the  Quadriceps  extensor  derived 
from  the  external  and  internal  Vasti  muscles. 

The  apex  is  pointed,  and  gives  attachment  to  the  ligamentum  patellee. 

Structure. — It  consists  of  a  nearly  uniform  dense  cancellous  tissue  covered 
by  a  thin  compact  lamina.  The  cancelli  immediately  beneath  the  anterior  surface 
are  arranged  parallel  with  it.  In  the  rest  of  the  bone  they  radiate  from  the 
posterior  articular  surface   toward  the  other  parts  of  the  bone. 

DeTelopment. — By  a  single  centre,  which  makes  its  appearance,  according  to 
B^clard,  about  the  third  year.  In  two  instances  I  have  seen  this  bone  cartilagi- 
nous throughout,  at  a  much  later  period  (six  years).  More  rarely,  the  bone  is 
developed  by  two  centres,  placed  side  by  side.  Ossification  is  completed  about  the 
age  of  puberty. 

ArticulationB. — With  the  two  condyles  of  the  femur. 

Attachment  of  Hnacles. — To  four :  the  Rectus,  Crureus,  Vastus  intemus,  and 
A'astusexternus.  These  muscles,  joined  at  their  insertion,  constitute  the  Quadriceps 
extensor  cruris. 

Sur&ce  Form,— The  estemal  suriace  of  the  patella  can  be  seen  and  felt  in  front  of  the 
knee.  In  the  extendeit  position  of  the  limb  the  internal  border  ia  a  little  more  prominent  than 
the  outer,  and  if  ihe  Quadriceps  extensor  is  relaxeil,  the  bone  can  be  moved  from  side  to  aide 
and  appcara  to  be  looselv  Gxcd.  If  the  joint  is  flexed,  the  patella  recedes  into  the  hollow 
l>ct\yeeii  the  condyles  of  tne  femur  and  the  upper  end  of  the  tibia,  and  becomes  firmly  fixed 
against  tho  temur. 

Burglcal  Anaton^. — The  main  surgical  interest  about  the  patella  is  in  connection  wiih 
fractures ;  which  are  of  common  occurrence.     They  may  be  produced  by  muscular  action  ;  that 
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ifl  to  say,  by  violent  contraction  of  the  Quadriceps  extensor  while  the  limb  is  in  a  position  of 
semi-flexion,  so  that  the  bone  is  snapped  across  the  condyles ;  or  by  direct  violence,  such  as 
falls  on  the  knee.  In  the  former  class  of  cases  the  fracture  is  transverse ;  in  the  latter  it  may 
be  oblique,  longitudinal,  stellate,  or  the  bone  variously  comminuted.  The  principal  interest  in 
these  eases  attaches  to  their  treatment.  Owing  to  the  wide  separation  of  the  iragments,  and 
the  difficulty  there  is  in  maintaining  them  in  apposition,  union  takes  place  by  fibrous  tissue, 
and  this  may  subsequently  stretch,  producing  wide  separation  of  the  fragments  and  permanent 
lameness.  Various  plans,  including  opening  the  joint  and  suturing  the  fragments,  nave  been 
advocated  for  overcoming  this  difficulty. 

In  the  larger  number  of  cases  of  fracture  of  the  patella  the  knee-joint  is  involved,  the  car- 
tilage which  covers  its  posterior  surface  being  also  torn.  In  some  cases  of  fracture  fh)m  direct 
violence,  however,  this  need  not  necessarily  happen,  the  lesion  involving  only  the  superficial 
part  of  the  bone;  and,  as  Morris  has  pointed  out,  it  is  an  anatomical  possibility,  in  complete 
nacture,  if  the  lesion  involve  only  the  lower  and  non-articular  part  of  tne  bone,  for  it  to  take 
place  without  injury  to  the  synovial  membrane. 

The  Tibia(Figs.  220,  221). 

The  Tibia  {tibia^  a  flute  or  pipe)  is  situated  at  the  front  and  inner  side  of  the 
leg,  and,  excepting  the  femur,  is  the  longest  and  largest  bone  in  the  skeleton.  It 
is  prismoid  in  form,  expanded  above,  where  it  enters  into  the  knee-joint,  more 
slightly  enlarged  below.  In  the  male  its  direction  is  vertical  and  parallel  with 
the  bone  of  the  opposite  side ;  but  in  the  female  it  has  a  slightly  oblique  direction 
downward  and  outward,  to  compensate  for  the  oblique  direction  of  the  femur 
inward.     It  presents  for  examination  a  shaft  and  two  extremities. 

The  Upper  Extremity,  or  Head,  is  large,  and  expanded  on  each  side  into  two 
lateral  eminences,  the  tuberosities.  Superiorly^  the  tuberosities  present  two  smooth, 
concave  surfaces,  which  articulate  with  the  condyles  of  the  femur ;  the  internal, 
articular  surface  is  longer,  deeper,  and  narrower  than  the  external,  oval  from 
before  backward,  to  articulate  with  the  internal  condyle;  the  external  one 
is  broader,  flatter,  and  more  circular,  to  articulate  with  the  external  condyle. 
Between  the  two  articular  surfaces,  and  nearer  the  posterior  than  the  anterior 
aspect  of  the  bone,  is  an  eminence,  the  spinous  process  of  the  tibia,  surmounted 
by  a  prominent  tubercle  on  each  side,  which  gives  attachment  to  the  extremities 
of  the  semilunar  fibro-cartilages ;  in  front  and  behind  the  spinous  process  is  a 
rough  depression  for  the  attachment  of  the  anterior  and  posterior  crucial  ligaments 
and  the  semilunar  fibro-cartilages.  The  anterior  surfaces  of  the  tuberosities  are 
continuous  with  one  another,  forming  a  single  large  surface,  which  is  somewhat 
flattened :  it  is  triangular,  broad  above,  and  perforated  by  large  vascular  foramina ; 
narrow  below,  where  it  terminates  in  a  prominent  oblong  elevation  of  large  size, 
the  tubercle  of  the  tibia ;  the  lower  half  of  this  tubercle  is  rough,  for  the  attachment 
of  the  ligamentum  patellae ;  the  upper  half  presents  a  smooth  facet  supporting, 
in  the  recent  state,  a  bursa  which  separates  the  ligament  from  the  bone.  Posteriorly 
the  tuberosities  are  separated  from  each  other  by  a  shallow  depression,  the 
popliteal  noteh^  w^hich  gives  attachment  to  part  of  the  posterior  crucial  ligament 
and  part  of  the  posterior  ligament  of  the  knee-joint.  The  inner  tvherosity  presents 
posteriorly  a  deep  transverse  groove,  for  the  insertion  of  one  of  the  fasciculi  of 
the  tendon  of  the  Semi-membranosus.  Its  lateral  surface  is  convex,  rough,  and 
prominent :  it  gives  attachment  to  the  internal  lateral  ligament.  The  outer  tuber- 
osity presents  posteriorly  a  flat  articular  facet,  nearly  circular  in  form,  directed 
downward,  backward,  and  outward,  for  articulation  with  the  fibula.  Its  lateral 
surface  is  convex  and  rough,  more  prominent  in  front  than  the  internal :  it 
presents  a  prominent  rough  eminence,  situated  on  a  level  with  the  upper  border  of 
the  tubercle  of  the  tibia,  for  the  attachment  of  the  ilio-tibial  band.  Just  below 
this  the  Extensor  longus  digitorum  and  a  slip  from  the  Biceps  are  attached. 

The  Shaft  of  the  tibia  is  of  a  triangular  prismoid  form,  broad  above,  gradually 
decreasing  in  size  to  its  most  slender  part,  at  the  commencement  of  its  lower 
fourth,  where  fracture  most  frequently  occurs ;  it  then  enlarges  again  toward  its 
lower  extremity.     It  presents  for  examination  three  borders  and  three  surfaces. 

The  anterior  border,  the  most  prominent  of  the  three,  is  called  the  crest  of  the 
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Head.  tibia,  or,  in  popular  language,  the 

sAt'w  ;  it  commences  above  at  the 

tubercle,  snd  i£^rminates  below  at 

gi^  the  anterior  margin  of  the  inner 

malleolus.     This  border   is   very 

priiminent    in     the    upper    two- 

'  thirds  of  its  extent,  smooth  and 

•■  rounded    below.      It   presents    a 

very  flexuous  course,  being  usually 

curved  outward  above  and  inward 

iffl-       below;  it  gives  attachment  to  the 

deep  fa8cia  of  the  leg. 

The  internal  bordet  is  smooth 
and  rounded  above  and  below, 
but  more  prominent  in  the 
centre;  it  commences  at  the 
back  part  of  the  inner  tuberosity. 
and  terminates  at  the  posterior 
border  of  the  internal  malleolus : 
its  upper  part  gives  attachment 
to  the  internal  lateral  ligament 
of  the  knee  to  the  extent  of 
about  two  inches,  and  to  some 
fibres  of  the  Poplileus  mnscle : 
its  middle  third  to  some  fibres 
of  the  Soleus  and  Flexor  longus 
digitorum  muscles. 

The  external  border,  or  in- 
terosseous ridge,  is  thin  and 
prominent,  especially  its  central 
part,  and  gives  attachment  to 
the  interosseous  membrane;  it 
commences  above  in  front  of  the 
fibular  articular  facet,  and  bifur- 
cates below,  to  form  the  bounda- 
ries of  a  triangular  rough  surface, 
for  the  attachment  of  the  inter- 
osseous ligament  connecting  the 
tibia  and  fibula. 

The  internal  surface  is  smooth, 
convex,  and  broader  above  than 
below ;  its  upper  third,  directed 
forward  and  inward,  is  covered 
by  the  aponeurosis  derived  from 
the  tendon  of  the  Sartorius.  and 
by  the  tendons  of  the  Gracilis 
and_  Semitendinosus,  all  of  \fhich 
are  inserted  nearly  as  far  forward 
as  ihe  anterior  border ;  in  the  rest 
of  its  extent  it  is  subcutaneous. 

The  external  snr&ce  is  nar- 
rower than  the  internal ;  its  upper 
two-thirds  presents  a  shallow 
Ejdeniai  naiteoiHt.  groove  for  the  attachment  of  the 

Km.2».-BonraorthetightiL-B.   Ani^ior >urfaM,  Tibialis  anticus  muscle;  its  lower 

third  is  smooth,  convex,  curves 
gradually  forward  to  the  anterior  part  of  the  bone,  and  is  covered  from  within 
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outward  bv  the  tendons  of  the  fol- 
lowing muscles:  Tibialis  anticua, 
Extensor  proprius  hallucis.  Ex- 
tensor longiis  digitorum. 

The  posterior  anr&ce  (Fig.  221) 
presents,  at  its  upper  part,  a  prom- 
inent ridge,  the  oblique  line  of  the 
tibia,  which  extends  from  the  back 
part  of  the  articular  facet  for  the 
Ebnia  obli((uely  downward,  to  the 

internal  border,  at  the  junction  of       !  ula. 

its  upper  and  middle  thirds.  It 
marks  the  limit  for  the  insertion 
of  the  Popliteus  muscle,  and  serves 
fnr  the  attachment  of  the  popliteal 
f&scia  and  part  of  the  Soleus, 
Flexor  longus  digitorum,  and  Tib- 
ialis posticus  muscles ;  the  tri- 
aQgular  concave  surface,  above  and 
to  the  inner  side  of  thia  line,  gives 
ittachment  to  the  Popliteus  mus- 
cle. The  middle  third  of  the  pos- 
terior surface  is  divided  by  a 
vertical  ridge  into  two  lateral 
halves :  the  ridge  is  well  marked 
at  its  commencement  at  the  oblique 
lioe,  but  becomes  gradually  indis- 
tinct below ;  the  inner  and  broader 
half  gives  attachment  to  the  Flexor 
loDgus  digitorum,  the  outer  and 
narrower  to  part  of  the  Tibialis 
posticus.  The  remaining  part  of 
the  bone  presents  a  smooth  surface 
covered  by  the  Tibialis  posticus. 
Flexor  longus  digitorum,  and 
Flexor  longus  hallucis  muscles. 
Immediately  below  the  oblique  line 
IK  the  medullary  foramen,  which  is 
directed  obliquely  downward. 

The  Lower  Extremity,  much 
smaller  than  the  upper,  presents  five 
srtriaces;  it  is  prolonged  downward, 
on  its  inner  side  to  a  strong  pro- 
cess, the  inlemal  malleolus.  The 
inferior  surface  of  the  bone  is 
ijuadri  lateral,  and  smooth  for  artic- 
ulation with  the  astragalus.  This 
surface  is  concave  from  before  back- 
ward, and  broader  in  front  than  be- 
hind. It  is  traversed  from  before 
backward  by  a  slight  elevation, 
separating  two  kteral  depressions. 
It  is  narrow  internally,  where  the  t.     .„,    -,  ,  ^     ,  ... , 

^.      ,  .  ,  -'  ,  Fio.  ^1.— Bona  of  the  right  leg.    Posterior  aurftce. 

articular  sttriace  becomes  contmu- 

ona  with  that  on  the  inner  malleolus.  The  anterior  surface  of  the  lower  extrem- 
ity is  smooth  and  rounded  above,  and  covered  by  the  tendons  of  the  Extensor 
muscles  of  the  toes ;  its  lower  margin  presents  a  rough  transverse  depression,  for 
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the  attachment  of  the  anterior  ligament  of  the  ankle-joint ;  the  poeterior  surface 
presents  a,  superficial  groove  directed  obliquely  downward  and  inward,  continuous 
with  a  similar  groove  on  the  posterior  extremity  of  (he  astragalus,  and  serving 
for  the  passage  of  the  tendon  of  the  Flexor  longiis  hallucis;  the  external  turface 
presents  a  triangular  rough  depression  for  the  attachment  of  the  inferior  inter- 
osseous ligament  connecting  it  with  the  fibula;  the  lower  part  of  this  depression 
is  smooth,  covered  with  cartilage  in  the  recent  state,  and  articulates  with  the 
fibula.  This  surface  is  bounded  by  two  promineot  ridges,  continuous  above  with 
the  interosseous  ridge  ;  they  afford  attachment  to  the  anterior  and  posterior  infe- 
rior tibio-fibular  ligaments.  The  internal  surface  of  the  lower  extremity  is  pro- 
longed downward  to  form  a  strong  pyramidal  process,  flattened  from  without 
inward — the  inner  malleolus.  The  inner  surface  of  this  process  is  convex  and  sub- 
cutaneous; its  outer  surface  is  smooth  and  slightly  concave,  and  articulates  with 
the  astragalus;  its  anterior  border  is  rough,  for  the  attachment  of  the  anterior 
fibres  of  the  Deltoid  ligament;  its  posterior  border  presents  a  broad  and  deep 
groove,  directed  obliquely  downward  and  inward,  which  is  occasionally  double: 
this  groove  transmits  the  tendons  of  the  Tibialis  posticus  and  Flexor  longus  digi- 
torum  muscles.  The  summit  of  the  internal  malleolus  is  marked  by  a  rough 
depression  behind,  for  the  attachment  of  the  internal  lateral  ligament  of  the 
ankle-joint.      ' 

Structure. — Like  that  of  the  other  long  bones.     At  the  junction  of  the  middle 

and  lower  third,  where  the  bone  is  smallest,  the  wall  of  the  shaft  is  thicker  than 

in  other  parts,  in  order  to  compensate  for  the  smallness  of  the  calibre  of  the  bone. 

DeTolopment. — By  three  centres  (Fig.  222) :  one  for  the  shaft,  and  one  for 

each  extremity.     Ossification  commences 

Upptr  e^tremiiy.  j^    ^^^   Centre   of   the   shaft   about   the 

Appears  ihaft about      Seventh  week,  and  gradually  extends  to- 

*''^*-  tkytar.  ward  either  extremity.     The  centre  for 

the  upper  epiphysis  appears  during  the 

first  year;    it  is  flattened  in  form,   and 

has  a  thin,  tongue-shaped  process  in  front 

which  forms  the  tubercle.     That  for  the 

lower   epiphysis  appears  in   the  second 

year.      The   lower   epiphysis   joins    the 

shaft  at  about  the  eighteenth,  and   the 

upper    one    about   the   twentieth,  year. 

Two  additional  centres  occasionally  exist 

^-one  for  the  tongue-shaped  process  of 

the   upper   epiphysis,    which    forms    the 

tubercle,  and  one  for  the  inner  malleolus. 

Articulations. — With  throe  bones:  the 

femur,  fibula,  and  astragalus. 

Attachment  of  Hnscles. — To  twelve : 
to  the  inner   tuberosity,  the   Semimem- 
,  . ,  ~   ■    ■        branosns ;    to  the   outer   tuberosity,   the 

year.  .  year.  libialis  anticHS  and  lixtensor  longus  digi- 

torum  and  Biceps ;  to  the  shaft,  its  inter- 
Lincer  fxtremity  ^^]  gurfncg^  (ij^  Sartorius,  Gracilis,   and 

By  three^iuriB""  "^  "'^  ^^^*''*f""'''"  "''  ^""^  "^'*'     Scmitendlnosiis  ;  to  its  external  surface, 
the  Tibialis  amicus ;   to  its  posterior  sur- 
face, the  Poplileus.  Soleus,  Flexor  longus  digitorum.  and  Tibialis  posticus;  to  the 
tubercle,  the  ligamentum  patcUie. 

Surface  Form.— A  considerable  portion  of  the  tibia  is  subcutaneous  and  easilv  to  be  felt. 
At  the  up|>er  fxiremity  the  tuberosities  are  to  be  recoenizeii  just  below  ihe  knee.  The  internal 
one  !9  brund  ami  stiinodi,  and  niernea  into  the  .«ubciit«nonus  surface  of  the  shaft-  below.  Tlie 
external  one  is  narrower  and  more  prominent,  and  on  it,  about  midway  between  the  apex  of  llie 
patella  and  ilie  head  of  the  fibula,  may  be  felt  a  pruminent  tubercle  for  the  insertion  of  the  ilio- 
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tibial  band.  In  front  of  the  upper  end  of  the  bone,  between  the  tuberosities,  is  the  tubercle  of 
the  tibia,  forming  an  oval  eminence,  which  is  continuous  below  with  the  anterior  border  or  crest 
of  the  bone.  This  border  can  be  felt,  forming  the  prominence  of  the  shin,  in  the  upper  two- 
thirds  of  its  extent  being  sharp  and  presenting  a  somewhat  flexuous  course,  being  curved  out- 
ward above  and  inward  below.  In  tne  lower  third  of  the  leg  the  border  disappears,  and  the 
bone  is  concealed  by  the  tendons  of  the  muscles  on  the  front  of  the  leg.  Internal  to  the  ante- 
rior border  is  to  be  felt  the  broad  internal  surface  of  the  tibia,  slightly  encroached  upon  by  the 
muscles  in  front  and  behind.  It  commences  above  at  the  wide  expanded  inner  tuberosity,  and 
ti^rminates  below  at  the  internal  malleolus.  The  internal  malleolus  is  a  broad  prominence  situ- 
ated on  a  higher  level  and  somewhat  farther  forward  than  the  external  malleolus.  It  overhangs 
the  inner  bonier  of  the  arch  of  the  loot.  Its  anterior  border  is  nearly  straight ;  its  posterior 
border  presents  a  sharp  edge,  which  forms  the  inner  margin  of  the  groove  for  the  tendon  of 
the  Tibialis  posticus  muscle. 

The  Fibula  (Figs.  220,  221). 

The  Fibula  {fibulay  a  clasp)  is  situated  at  the  outer  side  of  the  leg.  It  is  the 
smaller  of  the  two  bones,  and,  in  proportion  to  its  length,  the  most  slender  of  all 
the  long  bones ;  it  is  placed  nearly  parallel  but  behind  the  level  of  the  tibia.  Its 
upper  extremity  is  small,  placed  toward  the  back  of  the  head  of  the  tibia  and 
below  the  level  of  the  knee-joint,  and  excluded  from  its  formation ;  the  lower 
extremity  inclines  a  little  forward,  so  as  to  be  on  a  plane  anterior  to  that  of  the 
upper  end,  projects  below  the  tibia,  and  forms  the  outer  ankle.  It  presents  for 
examination  a  shaft  and  two  extremities. 

The  Upper  Extremity,  or  Head,  is  of  an  irregular  quadrate  form,  presenting 
above  a  flattened  articular  facet,  directed  upward,  forward,  and  inward,  for  artic- 
ulation with  a  corresponding  facet  on  the  external  tuberosity  of  the  tibia.  On 
the  outer  side  is  a  thick  and  rough  prominence,  continued  behind  into  a  pointed 
eminence,  the  styloid  process,  which  projects  upward  from  the  posterior  part  of 
the  head.  The  prominence  gives  attachment  to  the  tendon  of  the  Biceps  muscle 
and  to  the  long  external  lateral  ligament  of  the  knee,  the  ligament  dividing  the 
tendon  into  two  parts.  The  summit  of  the  styloid  process  gives  attachment  to  the 
short  external  lateral  ligament.  The  remaining  part  of  the  circumference  of  the 
head  is  rough,  for  the  attachment  of  the  anterior  superior  tibio-fibular  ligament, 
presenting,  in  front,  a  tubercle  for  the  attachment  of  the  upper  and  anterior  part 
of  the  Peroneus  longus ;  and  behind,  another  tubercle  for  the  attachment  of  the 
posterior  superior  tibio-fibular  ligament  and  the  upper  fibres  of  the  Soleus  muscle. 

The  shaft  presents  four  borders — the  antero-external,  the  antero-internal,  the 
postero-external,  and  the  postero-internal ;  and  four  surfaces — anterior,  posterior, 
internal,  and  external. 

The  antero-external  border  commences  above  in  front  of  the  head,  runs  verti- 
cally downward  to  a  little  below  the  middle  of  the  bone,  and  then,  curving  some- 
what outward,  bifurcates  so  as  to  embrace  the  triangular  subcutaneous  surface 
immediately  above  the  outer  surface  of  the  external  malleolus.  This  border  gives 
attachment  to  an  intermuscular  septum,  which  separates  the  extensor  muscles  on 
the  anterior  surface  of  the  leg  from  the  Peroneus  longus  and  brevis  muscles. 

The  antero-internal  border,  or  interosseous  ridge,  is  situated  close  to  the  inner 
side  of  the  preceding,  and  runs  nearly  parallel  with  it  in  the  upper  third  of  its 
extent,  but  diverges  from  it  so  as  to  include  a  broader  space  in  the  lower  two-thirds. 
It  commences  above  just  beneath  the  head  of  the  bone  (sometimes  it  is  quite 
indistinct  for  about  an  inch  below  the  head),  and  terminates  below  at  the  apex  of 
a  rough  triangular  surface  immediately  above  the  articular  facet  of  the  external 
malleolus.  It  serves  for  the  attachment  of  the  interosseous  membrane,  and  sepa- 
rates the  extensor  muscles  in  front  from  the  flexor  muscles  behind. 

The  postero-external  border  is  prominent;  it  commences  above  at  the  base 
of  the  styloid  process,  and  terminates  below  in  the  posterior  border  of  the  outer 
malleolus.  It  is  directed  outward  above,  backward  in  the  middle  of  its  course, 
backward  and  a  little  inward  below,  and  gives  attachment  to  an  aponeurosis 
which  separates  the  Peronei  muscles  on  the  outer  surface  of  the  shaft  from  the 
flexor  muscles  on  its  posterior  surface. 
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The  postero-intemal  border,  sometimes  called  the  oblique  Une^  commences  above 
at  the  inner  side  of  the  head,  and  terminates  by  becoming  continuous  with  the 
antero-internal  border  or  interosseous  ridge  at  the  lower  fourth  of  the  bone.  It  is 
well  marked  and  prominent  at  the  upper  and  middle  parts  of  the  bone.  It  gives 
attachment  to  an  aponeurosis  which  separates  the  Tibialis  posticus  from  the  Soleus 
above  and  the  Flexor  longus  hallucis  below. 

The  anterior  surface  is  the  interval  between  the  antero-external  and  antero- 
internal  borders.  It  is  extremely  narrow  and  flat  in  the  upper  third  of  its  extent ; 
broader  and  grooved  longitudinally  in  its  lower  third ;  it  serves  for  the  attachment 
of  three  muscles,  the  Extensor  longus  digitorum,  Peroneus  tertius,  and  Extensor 
proprius  hallucis. 

The  external  surfiakce  is  the  space  between  the  antero-external  and  postero- 
external borders.  It  is  much  broader  than  the  preceding,  and  often  deeply  grooved, 
is  directed  outward  in  the  upper  two-thirds  of  its  course,  backward  in  the  lower 
third,  where  it  is  continuous  with  the  posterior  border  of  the  external  malleolus. 
This  surface  is  completely  occupied  by  the  Peroneus  longus  and  brevis  muscles. 

The  internal  suiikce  is  the  interval  included  between  the  antero-internal  and 
the  postero-internal  borders.  It  is  directed  inward,  and  is  grooved  for  the  attach- 
ment of  the  Tibialis  posticus  muscle. 

The  posterior  surface  is  the  space  included  between  the  postero-external  and 
the  postero-internal  borders ;  it  is  continuous  below  with  the  rough  triangular 
surface  above  the  articular  facet  of  the  outer  malleolus ;  it  is  directed  backward 
above,  backward  and  inward  at  its  middle,  directly  inward  below.  Its  upper 
third  is  rough,  for  the  attachment  of  the  Soleus  muscle ;  its  lower  part  presents 
a  triangular  rough  surface,  connected  to  the  tibia  by  a  strong  interosseous  ligament, 
and  between  these  two  points  the  entire  surface  is  covered  by  the  fibres  of  origin 
of  the  Flexor  longus  hallucis  muscle.  At  about  the  middle  of  this  surface  is  the 
nutrient  foramen,  which  is  directed  downward. 

The  Lower  Extremity,  or  external  malleolus,  is  of  a  pyramidal  form,  somewhat 
flattened  from  without  inward,  and  is  longer,  and  descends  lower  than  the  internal 
malleolus.  Its  external  surface  is  convex,  subcutaneous,  and  continuous  with  the 
triangular  (also  subcutaneous)  surface  on  the  outer  side  of  the  shaft.  The  internal 
surface  presents  in  front  a  smooth  triangular  facet,  broader  above  than  below,  and 
convex  from  above  downward,  which  articulates  with  a  corresponding  surface  on 
the  outer  side  of  the  astragalus.  Behind  and  beneath  the  articular  surface  is  a 
rough  depression  which  gives  attachment  to  the  posterior  fasciculus  of  the  external 
lateral  ligament  of  the  ankle.  The  anterior  border  is  thick  and  rough,  and  marked 
below  by  a  depression  for  the  attachment  of  the  anterior  fasciculus  of  the  external 
lateral  ligament.  The  posterior  border  is  broad  and  marked  by  a  shallow  groove, 
for  the  passage  of  the  tendons  of  the  Peroneus  longus  and  brevis  muscles.  The 
suinmit  is  rounded,  and  gives  attachment  to  the  middle  fasciculus  of  the  external 
lateral  ligament. 

In  order  to  distinguish  the  side  to  which  the  bone  belongs,  hold  it  with  the 
lower  extremity  downward  and  the  broad  groove  for  the  Peronei  tendons  back- 
ward— i.  e.  toward  the  holder :  the  triangular  subcutaneous  surface  will  then  be 
directed  to  the  side  to  which  the  bone  belongs. 

Articulations. — With  two  bones :  the  tibia  and  astragalus. 

Development. — By  three  centres  (Fig.  223) :  one  for  the  shaft,  and  one  for 
each  extremity.  Ossification  commences  in  the  shaft  about  the  eighth  week  of 
foetal  life,  a  little  later  than  in  the  tibia,  and  extends  gradually  toward  the 
extremities.'  At  birth  both  ends  are  cartilaginous.  Ossification  commences  in 
the  lower  end  in  the  second  year,  and  in  the  upper  one  about  the  fourth  year. 
The  lower  epiphysis,  the  first  in  which  ossification  commences,  becomes  united  to 
the  shaft  about  the  twentieth  year;  the  upper  epiphysis  joins  about  the  twenty- 
fifth  year.  Ossification  appearing  first  in  the  lower  epiphysis  is  contrary  to  the 
rule  which  prevails  with  regard  to  the  commencement  of  ossification  in  epiphyses 
— viz.  that  that  epiphysis  toward  which  the  nutrient  artery  is  directed  commences 
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Upper  extremity. 


Appears  about 
%tK  year. 


Unites  about 
£5th  year. 


Appears  ai_ 
Snd  year.  ~ 


Unites  aboui 
SOth  year. 


to  ossify  last ;  but  it  follows  the  rule  which  prevails  with  regard  to  the  union  of 
epiphyses,  by  uniting  first. 

Attachment  of  Muscles. — To  nine  :  to  the  head, 
the  Biceps,  Soleus,  and  Peroneus  longus;  to  the 
shaft,  its  anterior  surface,  the  Extensor  longus  digi- 
torum,  Peroneus  tertius,  and  Extensor  proprius 
hallucis ;  to  the  internal  surface,  the  Tibialis  pos- 
ticus ;  to  the  posterior  surface^  the  Soleus  and  Flexor 
longus  hallucis ;  to  the  external  surface,  the  Peroneus 
longus  and  brevis. 

Surface  Form.— The  only  parts  of  the  fibula  which  are 
to  be  felt  are  the  head  and  the  lower  part  of  the  external  sur- 
face of  the  shall  and  the  external  malleolus.  The  head  is  to 
be  seen  and  felt  behind  and  to  the  outer  side  of  the  outer 
tuberosity  of  the  tibia.  It  presents  a  small,  prominent 
triangular  eminence  slightly  above  the  level  of  the  tubercle 
of  the  tibia.  The  external  malleolus  presents  a  narrow  elon- 
gated prominence,  situated  on  a  plane  posterior  to  the  internal 
malleolus  and  reaching  to  a  lower  level.  From  it  mav  be 
traced  the  lower  third  or  half  of  the  external  surface  of  the 
shaft  of  the  bone  in  the  interval  between  the  Peroneus  tertius 
in  front  and  the  other  two  Peronei  tendons  behind. 

Surgical  Anatomy. — In  fractures  of  the  bones  of  the 
leg  both  bones  are  usually  fractured,  but  each  bone  ma^'  be 
broken  separatelv.  the  fibula  more  freouently  than  the  tibia. 
Fracture  of  both  bones  may  be  caused  either  by  direct  or  indirect 
violenoB.  When  it  occurs  firom  indirect  force,  the  fracture  in 
the  tibia  is  at  the  junction  of  the  middle  and  lower  third  of 
the  bone.  Many  causes  conduce  to  render  this  the  weakest 
part  of  the  bone.  The  fracture  of  the  fibula  is  usually  at 
rather  a  higher  level.  These  fractures  present  great  variety, 
both  as  regards  their  direction  and  condition.  They  may  be 
oblique,  transverse,  longitudinal,  or  spiral.  When  oblique, 
they  are  usually  the  result  of  indirect  violence,  and  the  direction  of  the  fracture  is  from  behind, 
downward,  forward,  and  inward  in  many  cases,  but  may  be  downward  and  outward  or  downward 
and  backward.  When  transverse,  the  fracture  is  oflen  at  the  upper  part  of  the  bone,  and  is  the 
result  of  direct  violence.  The  spiral  fracture  usually  commences  as  a  vertical  fissure,  involving 
the  ankle-joint,  and  is  associated  with  fracture  of  the  fibula  higher  up.  It  is  the  result  of  torsion, 
fiom  twisting  of  the  bod^  whilst  the  foot  is  fixed. 

Fractures  of  the  tibia  alone  are  almost  always  the  result  of  direct  violence,  except  where  the 
maDeolus  is  broken  off  by  twists  of  the  foot.  Fractures  of  the  fibula  alone  may  arise  from 
indirect  or  direct  force,  those  of  the  lower  end  being  usually  the  result  of  the  former,  and  those 
higher  up  being  caused  by  a  direct  blow  on  the  part. 

The  tibia  and  fibula,  like  the  femur,  are  frequently  the  seat  of  acute  necrosis.  Chronic 
abscess  is  more  freauently  met  with  in  the  cancellous  tissue  of  the  head  and  lower  end  of  the 
tibia  than  in  an^  other'  bone  of  the  body.  The  abscess  is  of  small  size,  very  chronic,  and  the 
result  of  rarefying  osteitis  of  a  localized  portion  of  the  cancellous  tissue. 

The  tibia  is  tne  bone  which  is  most  frequently  and  most  extensively  distorted  in  rickets.  It 
(dves  way  at  the  junction  of  the  middle  and  lower  third,  its  weakest  part,  and  presents  a  curve 
forward  and  outward. 

THE  FOOT  (Figs.    224,    225). 

The  skeleton  of  the  Foot  consists  of  three  divisions :  the  Tarsus,  Metatarsus, 
and  Phalanges. 

The  Tarsns. 

The  bones  of  the  Tarsna  are  seven  in  number :  viz.  the  calcaneum  or  os  calcis, 
astragalus,  cuboid,  navicular,  internal,  middle,  and  external  cuneiform  bones. 


Lower  extremity. 

Fig.  223.— Plan  of  the  develop- 
ment of  the  fibula.  By  three  centres. 


The  Calcaneum. 

The  Calcaneum,  or  Os  Calcis  {calx^  the  heel),  is  the  largest  and  strongest  of  the 
tarsal  bones.  It  is  irregularly  cuboidal  in  form,  having  its  long  axis  directed 
forward  and  outward.  It  is  situated  at  the  lower  and  back  part  of  the  foot, 
serving  to  transmit  the  weight  of  the  body  to  the  ground,  and  forming  a  strong 
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Fio.  224.— Bones  of  the  risht  foot.    Dcrsiil  !urft 
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lever  for  the  muscles  of  the  calf.     It  presents  for  examination  six  surfaces: 
superior,  inferior,  external,  internal,  anterior,  and  posterior. 

The  superior  surface  is  formed  behind  by  the  upper  aspect  of  that  part  of  the 
OS  calcis  which  projects  backward  to  form  the  heel.  It  varies  in  length  in  differ- 
ent individuals ;  is  convex  from  side  to  side,  concave  from  before  backward,  and 
corresponds  above  to  a  mass  of  adipose  substance  placed  in  front  of  the  tendo 
Achillis.  In  the  middle  of  the  superior  surface  are  two  (sometimes  three)  articular 
facets,  separated  by  a  broad  shallow  groove,  which  is  directed  obliquely  forward 
and  outward,  and  is  rough  for  the  attachment  of  the  interosseous  ligament 
connecting  the  astragalus  and  os  calcis.  Of  the  two  articular  surfaces,  the  external 
is  the  larger,  and  situated  on  the  body  of  the  bone :  it  is  of  an  oblong  form,  wider 
behind  than  in  front,  and  convex  from  before  backward.  The  internal  articular 
mrfaee  is  supported  on  a  projecting  process  of  bone,  called  the  lesser  process  of 
the  calcaneum  {stcstentaculum  tali) ;  it  is  also  oblong,  concave  longitudinally,  and 
sometimes  subdivided  into  two  parts,  which  differ  in  §ize  and  shape.  More 
anteriorly  is  seen  the  upper  surface  of  the  greater  process^  marked  by  a  rough 
depression  for  the  attachment  of  numerous  ligaments,  and  a  tubercle  for  the  origin 
of  the  Extensor  brevis  digitorum  muscle. 

The  ixLferior  surface  is  narrow,  rough,  uneven,  wider  behind  than  in  front 
and  convex  from  side  to  side ;  it  is  bounded  posteriorly  by  two  tubercles  separated 
by  a  rough  depression ;  .the  exteryial,  small,  prominent,  and  rounded,  gives  attach- 
ment to  part  of  the  Abductor  minimi  digiti :  the  internal,  broader  and  larger,  for 
the  support  of  the  heel,  gives  attachment,  by  its  prominent  inner  margin,  to  the 
Abductor  hallucis,  and  in  front  to  the  Flexor  brevis  digitorum  muscles ;  the 
depression  between  the  tubercles  gives  attachment  to  the  Abductor  minimi  digiti 
and  plantar  fascia.  The  rough  surface  in  front  of  the  tubercles  gives  attachment 
to  the  long  plantar  ligament  and  to  the  outer  head  of  the  Flexor  accessorius 
muscle ;  and  to  a  prominent  tubercle  nearer  the  anterior  part  of  this  surface,  as 
well  as  to  a  transverse  groove  in  front  of  it,  is  attached  the  short  plantar  liga- 
ment. 

The  external  surface  is  broad,  flat,  and  almost  subcutaneous ;  it  presents  near 
its  centre  a  tubercle,  for  the  attachment  of  the  middle  fasciculus  of  the  external 
lateral  ligament.  At  its  upper  and  anterior  part  this  surface  gives  attachment  to 
the  external  calcaneo-astragaloid  ligament ;  and  in  front  of  the  tubercle  it  presents 
a  narrow  surface  marked  by  two  oblique  grooves,  separated  by  an  elevated  ridge 
which  varies  much  in  size  in  different  bones ;  it  is  named  the  peroneal  ridge,  and 
gives  attachment  to  a  fibrous  process  from  the  external  annular  ligament.  The 
superior  groove  transmits  the  tendon  of  the  Peroneus  brevis ;  the  inferior,  the 
tendon  of  the  Peroneus  longus. 

The  internal  surface  presents  a  deep  concavity,  directed  obliquely  downward 
and  forward,  for  the  transmission  of  the  plantar  vessels  and  nerves  into  the  sole 
of  the  foot ;  it  affords  attachment  to  part  of  the  Flexor  accessorius  muscle.  This 
surface  presents  an  eminence  of  bone,  the  lesser  process  or  sustentaculum  tali, 
which  projects  horizontally  inward  from  its  upper  and  fore  part,  and  to  which  a 
slip  of  the  tendon  of  the  Tibialis  posticus  is  attached.  This  process  is  concave 
above,  and  supports  the  anterior  articular  surface  of  the  astragalus ;  below,  it  is 
grooved  for  the  tendon  of  the  Flexor  longus  hallucis.  Its  free  margin  is  rough, 
for  the  attachment  of  part  of  the  internal  lateral  ligament  of  the  ankle-joint. 

The  anterior  surface,  of  a  somewhat  triangular  form,  articulates  with  the 
cuboid.  It  is  concave  from  above  downward  and  outward,  and  convex  in  the 
opposite  direction.  Its  inner  border  gives  attachment  to  the  inferior  calcaneo- 
navicular ligament. 

The  posterior  surface  is  rough,  prominent,  convex,  and  wider  below  than  above. 
Its  lower  part  is  rough,  for  the  attachment  of  the  tendo  Achillis  and  of  the  Plan- 
taris  muscle ;  its  upper  part  is  smooth,  and  is  covered  by  a  bursa  which  separates 
the  tendon  from  the  bone. 

Articulations. — With  two  bones :  the  astragalus  and  cuboid. 
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Fiu.  236.— Bonee  of  [he  right  foot.    PlanUr  eurr^ce. 

Attachment  of  Hnscles. — To  eight :  part  of  the  Tibialis  posticus,  the  tendo 
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Achillis,  Plantaris,  Abductor  hallucis,  Abductor  minimi  digiti,  Flexor  brevis  digi- 
torum,  Flexor  accessorius,  and  Extensor  brevis  digitorum. 

The  Astragalus. 

The  Astragalus  {aarpdyako^^  a  die)  is  the  largest  of  the  tarsal  bones,  next  to 
the  OS  calcis.  It  occupies  the  middle  and  upper  part  of  the  tarsus,  supporting  the 
tibia  above,  articulating  with  the  malleoli  on  either  side,  resting  below  upon  the 
08  calcis,  and  joined  in  front  to  the  navicular.  This  bone  may  easily  be  recognized 
by  its  large  rounded  head,  by  the  broad  articular  facet  on  its  upper  convex  surface, 
or  by  the  two  articular  facets  separated  by  a  deep  groove  on  its  under  concave 
surface.     It  presents  six  surfaces  for  examination. 

The  superior  surface  presents,  behind,  a  broad  smooth  trochlear  surface  for 
articulation  with  the  tibia.  The  trochlea  is  broader  in  front  than  behind,  convex 
from  before  backward,  slightly  concave  from  side  to  side  ;  in  front  of  it  is  the  upper 
surface  of  the  neck  of  the  astragalus,  rough  for  the  attachment  of  ligaments. 
The  inferior  surface  presents  two  articular  facets  separated  by  a  deep  groove. 
The  groove  runs  obliquely  forward  and  outward,  becoming  gradually  broader 
and  deeper  in  front :  it  corresponds  with  a  similar  groove  upon  the  upper  surface 
of  the  OS  calcis,  and  forms,  when  articulated  with  that  bone,  a  canal,  filled  up  in 
the  recent  state  by  the  interosseous  calcaneo-astragaloid  ligament.  Of  the  two 
articular  facets,  the  posterior  is  the  larger,  of  an  oblong  form  and  deeply  concave 
from  side  to  side ;  the  anterior,  although  nearly  of  equal  length,  is  narrower,  of  an 
elongated  oval  form,  convex  longitudinally,  and  often  subdivided  into  two  by  an 
elevated  ridge ;  of  these,  the  posterior  articulates  with  the  lesser  process  of  the  os 
calcis ;  the  anterior,  with  the  upper  surface  of  the  inferior  calcaneo-navicular  liga- 
ment. The  internal  surface  presents  at  its  upper  part  a  pear-shaped  articular  facet 
for  the  inner  malleolus,  continuous  above  with  the  trochlear  surface ;  below  the 
articular  surface  is  a  rough  depression,  for  the  attachment  of  the  deep  portion  of 
the  internal  lateral  ligament.  The  external  surface  presents  a  large  triangular 
facet,  concave  from  above  downward  for  articulation  with  the  external  malleolus ; 
it  is  continuous  above  with  the  trochlear  surface ;  and  in  front  of  it  is  a  rough 
depression  for  the  attachment  of  the  anterior  fasciculus  of  the  external  lateral 
ligament  of  the  ankle-joint.  The  anterior  surface^  convex  and  rounded,  forms 
the  head  of  the  astragalus ;  it  is  smooth,  of  an  oval  form,  and  directed  obliquely 
inward  and  downward ;  it  articulates  with  the  navicular.  On  its  under  surface  is 
a  small  facet,  continuous  in  front  with  the  articular  surface  of  the  head,  and 
behind  with  the  smaller  facet  for  the  os  calcis.  This  rests  on  the  inferior  calcaneo- 
navicular ligament,  being  separated  from  it  by  the  synovial  membrane,  which  is 
prolonged  from  the  anterior  calcaneo-astragaloid  joint  to  the  astragalo-navicular 
joint.  The  head  is  surrounded  by  a  constricted  portion,  the  neck  of  the  astragalus. 
^\ie  posterior  surface  is  narrow,  and  traversed  by  a  groove,  which  runs  obliquely 
downward  and  inward,  and  transmits  the  tendon  of  the  Flexor  longus  hallucis, 
external  to  which  is  a  prominent  tubercle,  to  which  the  posterior  fasciculus  of  the 
external  lateral  ligament  is  attached.  To  the  inner  side  of  the  groove  is  a  second, 
bat  less  marked  tubercle. 

To  ascertain  to  which  foot  the  bone  belongs,  hold  it  with  the  broad  articular 
surface  upward,  and  the  rounded  head  forward ;  the  lateral  triangular  articular 
surface  for  the  external  malleolus  will  then  point  to  the  side  to  which  the  bone 
belongs. 

Articulations. — With  four  bones :  tibia,  fibula,  os  calcis,  and  navicular. 

The  Cuboid. 

The  Ouboid  (xitfibCj  a  cube ;  e75oc,  like)  bone  is  placed  on  the  outer  side  of 
the  foot,  in  front  of  the  os  calcis,  and  behind  the  fourth  and  fifth  metatarsal  bones. 
It  is  of  a  pyramidal  shape,  its  base  being  directed  upward  and  inward,  its  apex 
downward  and  outward.     It  may  be  distinguished  from  the  other  tarsal  bones  by 
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the  existence  of  a  deep  groove  on  its  under  surface,  for  the  tendon  of  the  Peroneus 
longus  muscle.  It  presents  for  examination  six  surfaces:  three  articular  and 
three  non-articular. 

The  non-articular  surfaces  are  the  superior,  inferior,  and  external.  The 
superior  or  dorsal  surface^  directed  upward  and  outward,  is  rough,  for  the  attach- 
ment of  numerous  ligaments.  The  inferior  or  plantar  surface  presents  in  front  a 
deep  groove,  which  runs  obliquely  from  without,  forward  and  inward ;  it  lodges 
the  tendon  of  the  Peroneus  longus,  and  is  bounded  behind  by  a  prominent  ridge, 
to  which  is  attached  the  long  calcaneo-cuboid  ligament.  The  ridge  terminates 
externally  in  an  eminence,  the  tuberosity  of  the  cuboid^  the  surface  of  which 
presents  a  convex  facet,  for  articulation  with  the  sesamoid  bone  of  the  tendon 
contained  in  the  groove.  The  surface  of  bone  behind  the  groove  is  rough,  for  the 
attachment  of  the  short  plantar  ligament,  a  few  fibres  of  the  Flexor  brevis  hallucis, 
and  a  fasciculus  from  the  tendon  of  the  Tibialis  posticus.  The  external  surface^ 
the  smallest  and  narrowest  of  the  three,  presents  a  deep  notch  formed  by  the 
commencement  of  the  peroneal  groove. 

The  articular  surflGtces  are  the  posterior,  anterior,  and  internal.  The  posterior 
surface  is  smooth,  triangular,  and  concavo-convex,  for  articulation  with  the 
anterior  surface  of  the  os  calcis.  The  anterior^  of  smaller  size,  but  also  irregu- 
larly triangular,  is  divided  by  a  vertical  ridge  into  two  facets :  the  inner  one, 
quadrilateral  in  form,  articulates  with  the  fourth  metatarsal  bone ;  the  outer  one, 
larger  and  more  triangular,  articulates  with  the  fifth  metatarsal.  The  ivternal 
surface  is  broad,  rough,  irregularly  quadrilateral,  presenting  at  its  middle  and 
upper  part  a  smooth  oval  facet,  for  articulation  with  the  external  cuneiform  bone ; 
and  behind  this  (occasionally)  a  smaller  facet,  for  articulation  with  the  navic- 
ular; it  is  rough  in  the  rest  of  its  extent,  for  the  attachment  of  strong  interosseous 
ligaments. 

To  ascertain  to  which  foot  the  bone  belongs,  hold  it  so  that  its  under  surface, 
marked  by  the  peroneal  groove,  looks  downward,  and  the  large  concavo-convex 
articular  surface  backward  toward  the  holder :  the  narrow  non-articular  surface, 
marked  by  the  commencement  of  the  peroneal  groove,  will  point  to  the  side  to 
which  the  bone  belongs. 

Articulations. — With  four  bones:  the  os  calcis,  external  cuneiform,  and  the 
fourth  and  fifth  metatarsal  bones;  occasionallv  with  the  navicular. 

Attachment  of  Muscles. — Part  of  the  Flexor  brevis  hallucis  and  a  slip  from 
the  tendon  of  the  Tibialis  posticus. 

The  Navicular. 

The  Navicular  or  Scaphoid  bone  is  situated  at  the  inner  side  of  the  tarsus, 
between  the  astragalus  behind  and  the  three  cuneiform  bones  in  front.  It 
may  be  distinguished  by  its  form,  being  concave  behind,  convex  and  subdivided 
into  three  facets  in  front. 

The  anterior  surface^  of  an  oblong  form,  is  convex  from  side  to  side,  and  sub- 
divided by  two  ridges  into  three  facets,  for  articulation  with  the  three  cuneiform 
bones.  The  posterior  surface  is  oval,  concave,  broader  externally  than  internally, 
and  articulates  with  the  rounded  head  of  the  astragalus.  The  superior  surface  is 
convex  from  side  to  side,  and  rough  for  the  attachment  of  ligaments.  The 
inferior  is  irregular,  and  also  rough  for  the  attachment  of  ligaments.  The  internal 
surface  presents  a  rounded  tubercular  eminence,  the  tuberosity  of  the  navicular, 
the  lower  part  of  which  projects,  and  gives  attachment  to  part  of  the  tendon  of 
the  Tibialis  posticus.  The  external  surface  is  rough  and  irregular,  for  the 
attachment  of  ligamentous  fibres,  and  occasionally  presents  a  small  facet  for 
articulation  with  the  cuboid  bone. 

To  ascertain  to  which  foot  the  bone  belongs,  hold  it  with  the  concave  articular 
surface  backward,  and  the  convex  dorsal  surface  upward ;  the  external  surface — 
i,  e,  the  surface  opposite  the  tubercle — will  point  to  the  side  to  which  the  bone 
belongs. 
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Articulations. — With  four  bones :  astragalus  and  three  cuneiform ;  occasionally 
also  with  the  cuboid. 

Attachment  of  Muscles. — Part  of  the  Tibialis  posticus. 

The  Cuneiform  Bones. 

The  Cuneiform  Bones  have  received  their  name  from  their  wedge-like  shape 
(t-uneus^  a  wedge ;  forma,  likeness).  They  form,  with  the  cuboid,  the  anterior 
row  of  the  tarsus,  being  placed  between  the  navicular  behind,  the  three  innermost 
metatarsal  bones  in  front,  and  the  cuboid  externally.  They  are  called  the  Jirst, 
Becond,  and  thirdy  counting  from  the  inner  to  the  outer  side  of  the  foot,  and, 
from  their  position,  internal^  middle,  and  external. 

The  Internal  Cuneiform  is  the  largest  of  the  three.  It  is  situated  at  the  inner 
side  of  the  foot,  between  the  navicular  behind  and  the  base  of  the  first  metatarsal 
in  front.  It  may  be  distinguished  from  the  other  two  by  its  large  size,  and  its 
more  irregular,  wedge-like  form.  Without  the  others,  it  may  be  known  by  the 
large  kidney-shaped  anterior  articulating  surface  and  by  the  prominence  on  the 
inferior  or  plantar  surface  for  the  attachment  of  the  Tibialis  posticus.  It  presents 
for  examination  six  surfaces. 

The  internal  surface  is  subcutaneous,  and  forms  part  of  the  inner  border  of  the 
foot;  it  is  broad,  quadrilateral,  and  presents  at  its  anterior  inferior  angle  a  smooth 
oval  facet,  into  which  the  tendon  of  the  Tibialis  anticus  is  partially  inserted ;  in 
the  rest  of  its  extent  it  is  rough,  for  the  attachment  of  ligaments.  The  external 
iurface  is  concave,  presenting,  along  its  superior  and  posterior  borders,  a  narrow 
reversed  L-shaped  surface  for  articulation  with  the  middle  cuneiform  behind,  and 
second  metatarsal  bone  in  front;  in  the  rest  of  its  extent  it  is  rough  for  the 
attachment  of  ligaments  and  part  of  the  tendon  of  the  Peroneus  longus.  The 
anterior  surface,  kidney-shaped,  much  larger  than  the  posterior,  articulates  with 
the  metatarsal  bone  of  the  great  toe.  The  posterior  surface  is  triangular,  concave, 
and  articulates  with  the  innermost  and  largest  of  the  three  facets  on  the  anterior 
surface  of  the  navicular.  The  inferior  or  plantar  surface  is  rough,  and  presents  a 
prominent  tuberosity  at  its  back  part  for  the  attachment  of  part  of  the  tendon  of 
the  Tibialis  posticus.  It  also  gives  attachment  in  froflt  to  part  of  the  tendon  of  the 
the  Tibialis  anticus.  The  superior  surface  is  the  narrow-pointed  end  of  the  wedge, 
which  is  directed  upward  and  outward ;  it  is  rough  for  the  attachment  of  ligaments. 

To  ascertain  to  which  side  the  bone  belongs,  hold  it  so  that  its  superior  narrow 
edge  looks  upward,  and  the  long,  kidney-shaped,  articular  surface  forward ;  the* 
external  surface,  marked  by  its  vertical  and  horizontal  articular  facets,  will  point 
to  the  side  to  which  it  belongs. 

Articnlations. — With  four  bones :  navicular,  middle  cuneiform,  first  and  second 
metatarsal  bones. 

Attachment  of  Muscles. — To  three:  the  Tibialis  anticus  and  posticus,  and 
Peroneus  longus. 

The  Middle  Cuneiform,  the  smallest  of  the  three,  is  of  very  regular  wedge-like 
form,  the  broad  extremity  being  placed  upward,  the  narrow  end  downward.  It 
is  situated  between  the  other  two  bones  of  the  same  name,  and  articulates  with 
the  navicular  behind  and  the  second  metatarsal  in  front.  It  may  be  distinguished 
from  the  external  cuneiform  bone,  which  it  much  resembles  in  general  appearance, 
by  the  articular  facet,  of  angular  form,  which  runs  round  the  upper  and  back  part 
of  its  inner  surface ;  and  if  the  two  bones  from  the  same  foot  are  together,  the 
middle  cuneiform  is  much  the  smaller. 

The  anterior  surface,  triangular  in  form  and  narrower  than  the  posterior, 
articulates  with  the  base  of  the  second  metatarsal  bone.  The  posterior  surface, 
ako  triangular,  articulates  with  the  navicular.  The  internal  surface  presents  a 
reversed  L-shaped  articular  facet,  running  along  the  superior  and  posterior  borders, 
for  articulation  with  the  internal  cuneiform,  and  is  rough  in  the  rest  of  its  extent 
for  the  attachment  of  ligaments.  The  external  surface  presents  posteriorly  a 
smooth  facet  for  articulation  with  the  external  cuneiform  bone.     The  superior 
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surface  forms  the  base  of  the  wedge ;  it  is  quadrilateral,  broader  behind  than  in 
front,  and  rough  for  the  attachment  of  ligaments.  The  inferior  surface^  pointed 
and  tubercular,  is  also  rough  for  ligamentous  attachment  and  for  the  insertion  of 
a  slip  from  the  tendon  of  the  Tibialis  posticus. 

To  ascertain  to  which  foot  the  bone  belongs,  hold  its  superior  or  dorsal  surface 
upward,  the  broadest  edge  being  toward  the  holder :  the  smooth  facet  (limited 
to  the  posterior  border)  will  then  point  to  the  side  to  which  it  belongs. 

Articulations. — With  four  bones :  navicular,  internal  and  external  cuneiform, 
and  second  metatarsal  bone. 

Attachment  of  Muscles. — A  slip  from  the  tendon  of  the  Tibialis  posticus  is 
attached  to  this  bone. 

The  External  Cimeiform,  intermediate  in  size  between  the  two  preceding,  is 
of  a  very  regular  wedge-like  form,  the  broad  extremity  being  placed  upward,  the 
narrow  end  downward.  It  occupies  the  centre  of  the  front  row  of  the  tarsus 
between  the  middle  cuneiform  internally,  the  cuboid  externally,  the  navicular 
behind,  and  the  third  metatarsal  in  front.  It  is  distinguished  from  the  internal 
cuneiform  bone  by  its  more  regular  wedge-like  shape  and  by  the  absence  of  the 
kidney-shaped  articular  surface :  from  the  middle  cuneiform,  by  the  absence  of  the 
reversed  L-shaped  facet,  and  by  the  two  articular  facets  which  are  present  on  both 
its  inner  and  outer  surfaces.     It  has  six  surfaces  for  examination. 

The  anterior  surface^  triangular  in  form,  articulates  with  the  third  metatarsal 
bone.  The  posterior  surface  articulates  with  the  most  external  facet  of  the 
navicular,  and  is  rough  below  for  the  attachment  of  ligamentous  fibres.  The 
internal  surface  presents  two  articular  facets,  separated  by  a  rough  depression ; 
the  anterior  one,  sometimes  divided  into  two,  articulates  with  the  outer  side  of  the 
base  of  the  second  metatarsal  bone ;  the  posterior  one  skirts  the  posterior  border 
and  articulates  with  the  middle  cuneiform ;  the  rough  depression  between  the  two 
gives  attachment  to  an  interosseous  ligament.  The  external  surface  also  presents 
two  articular  facets,  separated  by  a  rough  non-articular  surface ;  the  anterior  facet, 
situated  at  the  superior  angle  of  the  bone,  is  small,  and  articulates  with  the  inner 
side  of  the  base  of  the  fourth  metatarsal ;  the  posterior  and  larger  one  articulates 
with  the  cuboid ;  the  rough,  ?ion-articular  surface  serves  for  the  attachment  of  an 
interosseous  ligament.  The  three  facets  for  articulation  with  the  three  metatarsal 
bones  are  continuous  with  one  another,  and  covered  by  a  prolongation  of  the  same 
cartilage ;  the  facets  for  articulation  with  the  middle  cuneiform  and  navicular  are 
also  continuous,  but  that  for  articulation  with  the  cuboid  is  usually  separate.  The 
superior  or  dorsal  surface  is  of  an  oblong  square  form,  its  posterior  external  angle 
being  prolonged  backward.  The  inferior  or  plantar  surface  is  an  obtuse  rounded 
margin,  and  serves  for  the  attachment  of  part  of  the  tendon  of  the  Tibialis  posticus, 
part  of  the  Flexor  brevis  hallucis,  and  ligaments. 

To  ascertain  to  which  side  the  bone  belongs,  hold  it  with  the  broad  dorsal 
surface  upward,  the  prolonged  edge  backward;  the  separate  articular  facet  for 
the  cuboid  will  point  to  the  proper  side. 

Articnlations. — With  six  bones :  the  navicular,  middle  cuneiform,  cuboid,  and 
second,  third,  and  fourth  metatarsal  bones. 

Attachment  of  Muscles. — To  two :  part  of  the  Tibialis  posticus,  and  Flexor 
brevis  hallucis. 

The  Metatarsal  Bones. 

The  Metatarsal  Bones  are  five  in  number ;  they  are  long  bones,  and  present  for 
examination  a  shaft  and  two  extremities. 

Common  Characters. — The  shaft  is  prismoid  in  form,  tapers  gradually  from  the 
tarsal  to  the  phalangeal  extremity,  and  is  slightly  curved  longitudinally,  so  as  to 
be  concave  below,  slightly  convex  above.  The  posterior  extremity^  or  base^  is 
wedge-shaped,  articulating  by  its  terminal  surface  with  the  tarsal  bones,  and  by 
its  lateral  surfaces  with  the  contiguous  metatarsal  hemes,  its  dorsal  and  plantar 
surfaces  being  rough  for  the  attachment  of  ligaments.     The  anterior  extremity^ 
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or  head^  presents  a  terminal  rounded  articular  surface,  oblong  from  above 
downward  and  extending  farther  backward  below  than  above.  Its  sides  are 
flattened,  and  present  a  depression,  surmounted  by  a  tubercle,  for  ligamentous 
attachment.  Its  under  surftce  is  grooved  in  the  middle  line  for  the  passage  of 
the  Flexor  tendon,  and  marked  on  each  side  by  an  articular  eminence  continuous 
with  the  terminal  articular  surface. 

Peculiar  Characters. — The  First  is  remarkable  for  its  great  thickness,  but  is 
the  shortest  of  all  the  metatarsal  bones.  The  shaft  is  strong  and  of  well-marked 
prismoid  form.  The  posterior  extremity  presents  no  lateral  articular  facets ;  its 
terminal  articular  surface  is  of  large  size,  kidney-shaped ;  its  circumference  is 
grooved,  for  the  tarso-metatarsal  ligaments,  and  internally  gives  attachment  to 
part  of  the  tendon  of  the  Tibialis  anticus :  its  inferior  angle  presents  a  rough  oval 
prominence  for  the  insertion  of  the  tendon  of  the  Peroneus  longus.  The  head  is 
of  large  size ;  on  its  plantar  surface  are  two  grooved  facets,  over  which  glide 
sesamoid  bones;  the  facets  are  separated  by  a  smooth  elevated  ridge. 

This  bone  is  known  by  the  single  kidney-shaped  articular  surface  on  its  base, 
the  deeply  grooved  appearance  of  the  plantar  surface  of  its  head,  and  its  great 
thickness  relatively  to  its  length.  When  it  is  placed  in  its  natural  position,  the 
concave  border  of  the  kidney-shaped  articular  surface  on  its  base  points  to  the  side 
to  which  the  bone  belongs. 

The  Second  is  the  longest  and  largest  of  the  remaining  metatarsal  bones,  being 
prolonged  backward  into  the  recess  formed  between  the  three  cuneiform  bones. 
Its  tarsal  extremity  is  broad  above,  narrow  and  rough  below.  It  presents  four 
articular  surfaces:  one  behind,  of  a  triangular  form,  for  articulation  with  the 
middle  cuneiform ;  one  at  the  upper  part  of  its  internal  lateral  surface,  for  articu- 
lation with  the  internal  cuneiform :  and  two  on  its  external  lateral  surface,  a 
posterior  and  anterior,  separated  by  a  vertical  ridge.  Each  of  these  external 
articular  surfaces  is  divided  by  a  rough  depression  into  two  parts;  the  two 
anterior  facets  articulate  with  the  third  metatarsal ;  the  two  posterior  (sometimes 
continuous)  with  the  external  cuneiform. 

The  facets  on  the  tarsal  extremity  of  the  second  metatarsal  bone  serve  at  once 
to  distinguish  it  from  the  rest,  and  to  indicate  the  foot  to  which  it  belongs ;  there 
being  one  facet  at  the  upper  angle  of  the  internal  surface,  and  two  facets,  each 
subdivided  into  two  parts,  on  the  external  surface,  pointing  to  the  side  to  which 
the  bone  belongs.  The  fact  that  the  two  posterior  subdivisions  of  these  external 
facets  sometimes  run  into  one  should  not  be  forgotten. 

The  Third  articulates  behind,  by  means  of  a  triangular  smooth  surface,  with 
the  external  cuneiform ;  on  its  inner  side,  by  two  facets,  with  the  second  meta- 
tarsal ;  and  on  its  outer  side,  by  a  single  facet,  with  the  fourth  metatarsal.  The 
latter  facet  is  of  circular  form  and  situated  at  the  upper  angle  of  the  base. 

The  third  metatarsal  is  known  by  its  having  at  its  tarsal  end  two  undivided 
facets  on  the  inner  side,  and  a  single  facet  on  the  outer.  This  distinguishes  it  from 
the  second  metatarsal,  in  which  the  two  facets,  found  on  one  side  of  its  tarsal  end, 
are  each  subdivided  into  two.  The  single  facet  (when  the  bone  is  put  in  its  natural 
position)  is  on  the  side  to  which  the  bone  belongs. 

The  Fourth  is  smaller  in  size  than  the  preceding ;  its  tarsal  extremity  presents 
a  terminal  quadrilateral  surface,  for  articulation  with  the  cuboid ;  a  smooth  facet  on 
the  inner  side,  divided  by  a  ridge  into  an  anterior  portion  for  articulation  with  the 
third  metatarsal,  and  a  posterior  portion  for  articulation  with  the  external  cunei- 
form ;  on  the  outer  side  a  single  facet,  for  articulation  with  the  fifth  metatarsal. 

The  fourth  metatarsal  is  known  by  its  having  a  single  facet  on  either  side  of 
the  tarsal- extremity,  that  on  the  inner  side  being  divided  into  two  parts.  If  this 
subdivision  be  not  recognizable,  the  fact  that  its  tarsal  end  is  bent  somewhat 
outward  will  indicate  the  side  to  which  it  belongs. 

The  Fifth  is  recognized  by  the  tubercular  eminence  on  the  outer  side  of  its 
base.  It  articulates  behind,  by  a  triangular  surface  cut  obliquely  from  without 
inward,  with  the  cuboid,  and  internally  with  the  fourth  metatarsal. 
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The  projection  on  the  outer  side  of  this  bone  at  its  tarsal  end  at  once  distin- 
guishes it  from  the  others,  and  points  to  the  side  to  which  it  belongs. 

Articiilations. — Each  bone  articulates  with  the  tarsal  bones  by  one  extremity, 
and  by  the  other  with  the  first  row  of  phalanges.  The  number  of  tarsal  bones 
with  which  each  metatarsal  articulates  is  one  for  the  first,  three  for  the  second,  one 
for  the  third,  two  for  the  fourth,  and  one  for  the  fifth. 

Attachment  of  Muscles. — To  the  first  metatarsal  bone,  three :  part  of  the 
Tibialis  anticus,  the  Peroneus  longus,  and  First  dorsal  interosseous.  To  the 
second,  four :  the  Adductor  obliquus  hallucis  and  First  and  Second  dorsal  inter- 
osseous, and  a  slip  from  the  tendon  of  the  Tibialis  posticus,  and  occasionally  a  slip 
from  the  Peroneus  longus.  To  the  third,  five :  the  Adductor  obliquus  hallucis. 
Second  and  Third  dorsal,  and  First  plantar  interosseous,  and  a  slip  from  the 
tendon  of  the  Tibialis  posticus.  To  the  fourth,  five :  the  Adductor  obliquus  hallucis, 
Third  and  Fourth  dorsal,  and  Second  plantar  interosseous,  and  a  slip  from  the 
tendon  of  the  Tibialis  posticus.  To  the  fifth,  six :  the  Peroneus  brevis,  Peroneus 
tertius,  Flexor  brevis  minimi  digiti.  Adductor  transversus  hallucis,  Fourth  dorsal, 
and  Third  plantar  interosseous. 

The  Phalajiges. 

The  Phalanges  of  the  foot,  both  in  number  and  general  arrangement,  resemble 
those  in  the  hand  ;  there  being  two  in  the  great  toe  and  three  in  each  of  the  other 
toes. 

The  phalanges  of  the  first  roto  resemble  closely  those  of  the  hand.  The  shaft 
is  compressed  from  side  to  side,  convex  above,  concave  below.  The  posterior 
extremity  is  concave ;  and  the  anterior  extremity  presents  a  trochlear  surface,  for 
articulation  with  the  second  phalanges. 

The  phalanges  of  the  second  row  are  remarkably  small  and  short,  but  rather 
broader  than  those  of  the  first  row. 

The  ungual  phalanges  in  form  resemble  those  of  the  fingers ;  but  they  are 
smaller,  flattened  from  above  downward,  presenting  a  broad  base  for  articulation 
with  the  second  row,  and  an  expanded  extremity  for  the  support  of  the  nail  and 
end  of  the  toe. 

Articulation. — The  first  row,  with  the  metatarsal  bones  behind  and  second 
phalanges  in  front ;  the  second  row  of  the  four  outer  toes,  with  the  first  and  third 
phalanges ;  of  the  great  toe,  with  the  first  phalanx ;  the  third  row  of  the  four 
outer  toes,  with  the  second  phalanges. 

Attachment  of  Muscles. — To  the  first  phalanges.  Great  toe,  five  muscles: 
innermost  tendon  of  Extensor  brevis  digitorum,  Abductor  hallucis,  Adductor 
obliquus  hallucis,  Flexor  brevis  hallucis,  Adductor  transversus  hallucis.  Second 
toe,  three  muscles :  First  and  Second  dorsal  interosseous  and  First  lumbrieal. 
Third  toe,  three  muscles  :  Third  dorsal  and  First  plantar  interosseous  and  Second 
lumbrieal.  Fourth  toe,  three  muscles :  Fourth  dorsal  and  Second  plantar  inter- 
osseous and  Third  lumbrieal.  Fifth  toe,  four  muscles :  Flexor  brevis  minimi 
digiti.  Abductor  minimi  digiti,  and  Third  plantar  interosseous,  and  Fourth 
lumbrieal. — Second  phalanges.  Great  toe;  Extensor  longus  hallucis.  Flexor 
longus  hallucis.  Other  toes ;  Flexor  brevis  digitorum,  one  slip  of  the  common 
tendon  of  the  Extensor  longus  and  brevis  digitorum.' — Third  phalanges  :  two  slips 
from  the  common  tendon  of  the  Extensor  longus  and  Extensor  brevis  digitorum, 
and  the  Flexor  longus  digitorum. 

Development  of  the  Foot  (Fig.  226). 

The  Tarsal  bones  are  each  developed  by  a  single  centre,  excepting  the  os  calcis, 
which  has  an  epiphysis  for  its  posterior  extremity.  The  centres  make  their  appear- 
ance in  the  following  order :  os  calcis,  at  the  sixth  month  of  foetal  life ;  astragalus, 

*  Except  the  second  phalanx  of  the  fifth  toe,  which  receives  no  slip  from  the  Extensor  brevis 
digitorum. 
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sbout  the  seventh  month;  cuboid,  at  the  niath  month;  external  cuneiform, 
during  the  first  year ;  internal  cuneiform  in  the  third  year ;  middle  cuneiform  and 
navicular  in  the  fourth  year.      The  epiphysis    for  the  posterior  tuberoaity  of 
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the  OS  calcis  appears  at  the  tenth  year,  and  unites  with  the  rest  of  the  bone  soon 
after  puberty. 

The  Hetetarsal  bones  are  each  developed  hy  two  centres:  one  for  the  shaft 
and  line  for  the  digital  extremity  in  the  four  outer  metatarsal;  one  for  the  shaft 
and  one  for  the  base  in  the  metatarsal  bone  of  the  great  toe.'  Ossification 
tummences  in  the  centre  of  the  shaft  about  the  ninth  week,  and  extends  toward 
eiiher  extremity.  The  centre  in  the  proximal  end  of  the  first  metatarsal  bone 
appears  about  the  third  vear,  the  centre  in  the  distal  end  of  the  other  bones 
between  the  fifth  and  eighth  years;  they  become  joined  between  the  eighteenth  and 
taeniieth  years. 

The  Phalanges  are  developed  hy  two  centres  for  each  bone :  one  for  the  shaft 
and  one  for  the  metatarsal  extremity. 

CoDstimctioii  of  the  ?oot  as  a  Whole. 

The  foot  is  constructed  on  the  same  principles  as  the  hand,  but  modified  to 
ffirm  a  firm  basis  of  support  for  the  rest  of  the  body  when  in  the  erect  position.    It 

'  Ah  wns  noled  in  the  fir^t  metacnrpal  Ixme,  so  in  the  first  iiietatar!>al,  there  is  oCiea  to  be  oWrved 
stendency  to  the  formation  of  a  second  epiphysis  in  ihe  diataj  extremity.  (See  foolnole,  p.  274). 
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is  more  solidly  constructed,  and  its  component  parts  are  less  movable  on  each  other 
than  in  the  hand.  This  is  especially  the  case  with  the  great  toe,  which  has  to 
assist  in  supporting  the  body,  and  is  therefore  constructed  with  greater  solidity ;  it 
lies  parallel  with  the  other  toes,  and  has  a  very  limited  degree  of  mobility,  whereas 
the  thumb,  which  is  occupied  in  numerous  and  varied  movements,  is  constructed 
in  such  a  manner  as  to  permit  of  great  mobility.  Its  metacarpal  bone  is  directed 
away  from  the  others,  so  as  to  form  an  acute  angle  with  the  second,  and  it  enjoys 
a  considerable  range  of  motion  at  its  articulation  with  the  carpus.  The  foot  is 
placed  at  right  angles  to  the  leg — a  position  which  is  almost  peculiar  to  man,  and 
has  relation  to  the  erect  position  which  he  maintains.  In  order  to  allow  of  its 
supporting  the  weight  of  the  whole  body  in  this  position  with  the  least  expenditure 
of  material,  it  is  constructed  in  the  form  of  an  arch.  This  arch  is  not,  however, 
made  up  of  two  equal  limbs.  The  hinder  one,  which  is  made  up  of  the  os  calcis 
and  the  posterior  part  of  the  astragalus,  is  about  half  the  length  of  the  anterior 
limb,  and  measures  about  three  inches.  The  anterior  limb  consists  of  the  rest  of 
the  tarsal  and  the  metatarsal  bones,  and  measures  about  six  inches.  It  may  be 
said  to  consist  of  two  parts,  an  inner  segment  made  up  of  the  head  of  the  astragalus, 
the  navicular,  the  three  cuneiform,  and  the  three  inner  metatarsal  bones ;  and  an 
outer  segment  composed  of  the  cuboid  and  the  two  outer  metatarsal  bones.  The 
summit  of  the  arch  is  at  the  superior  articular  surface  of  the  astragalus ;  and  its 
two  extremities — that  is  to  say,  the  two  points  on  which  the  arch  rests  in  standing — 
are  the  tubercles  on  the  under  surface  of  the  os  calcis  posteriorly,  and  the  heads  of 
the  metatarsal  bones  anteriorly.  The  weakest  part  of  the  arch  is  the  joint  between 
the  astragalus  and  scaphoid,  and  here  it  is  more  liable  to  yield  in  those  who  are 
overweighted,  and  in  those  in  whom  the  ligaments  which  complete  and  preserve 
the  arch  are  relaxed.  This  weak  point  in  the  arch  is  braced  on  its  concave  surface 
by  the  inferior  calcaneo-navicular  ligament,  which  is  more  elastic  than  most  other 
ligaments,  and  thus  allows  the  arch  to  yield  from  jars  or  shocks  applied  to  the 
anterior  portion  of  the  foot  and  quickly  restores  it  to  its  pristine  condition.  This 
ligament  is  supported  on  its  under  surface  by  the  tendon  of  the  Tibialis  posticus 
muscle,  which  is  spread  out  into  a  fan-shaped  insertion,  and  prevents  undue 
tension  of  the  ligament  or  such  an  amount  of  stretching  as  would  permanently 
elongate  it. 

In  addition  to  this  longitudinal  arch  the  foot  presents  a  transverse  arch,  at  the 
anterior  part  of  the  tarsus  and  hinder  part  of  the  metatarsus.  This,  however,  can 
scarcely  be  described  as  a  true  arch,  but  presents  more  the  character  of  a  half-dome. 
The  inner  border  of  the  central  portion  of  the  longitudinal  arch  is  elevated  from 
the  ground,  and  from  this  point  the  bones  arch  over  to  the  outer  border,  which  is 
in  contact  with  the  ground,  and,  assisted  by  the  longitudinal  arch,  produce  a  sort  of 
rounded  niche  on  the  inner  side  of  the  foot,  which  gives  the  appearance  of  a 
transverse  as  well  as  a  longitudinal  arch. 

The  arch  of  the  foot,  from  the  point  of  the  heel  to  the  toes,  is  not  quite  straight, 
but  is  directed  a  little  outward,  so  that  the  inner  border  is  a  little  convex  and  the 
outer  border  concave.  This  disposition  of  the  bones  becomes  more  marked  when 
the  longitudinal  arch  of  the  foot  is  lost,  as  in  the  disease  known  under  the  name 
of  ''flat-foot." 

Surface  Form. — On  the  dorsum  of  the  foot  the  individual  bones  are  not  to  be  distinguished 
with  the  exception  of  the  head  of  the  astragalus,  which  forms  a  rounded  projection  in  front  of 
the  ankle-joint  when  the  foot  is  forcibly  extended.  The  whole  surface  forms  a  smooth  convex 
outline,  the  summit  of  which  is  the  ridge  formed  by  the  head  of  the  astragalus,  the  navicular, 
the  middle  cuneiform,  and  the  second  metatarsal  bones;  from  this  it  gradually  inclines  outward 
and  more  rapidly  inward.  On  the  inner  side  of  the  foot,  the  internal  tuberosity  of  the  os  calcis 
and  the  ridge  separating  the  inner  from  the  posterior  surface  of  the  bone  may  be  felt  most  pos- 
teriorly. In  front  of  this,  and  below  the  internal  malleolus,  may  be  felt  the  jirojection  of  the 
sustentaculum  tali.  Passing  forward  is  the  well-marked  tuberosity  of  the  navicular  bone,  situ- 
ated about  an  inch  or  an  inch  and  a  quarter  in  front  of  the  internal  malleolus.  Further  toward 
the  front,  the  ridge  formed  by  the  base  of  the  first  metatarsal  bone  can  be  obscurely  felt,  and 
from  this  the  shaft  of  the  bone  can  be  traced  to  the  expanded  head  articulating  with  the  tase 
of  the  first  phalanx  of  the  great  toe.     Immediately  beneath  the  base  of  this  phalanx,  the 
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internal  sesamoid  bone  is  to  be  felt.  Lastly,  the  expanded  ends  of  the  bones  forming  the  last 
joint  of  the  great  toe  are  to  be  felt.  On  the  outer  side  of  the  foot  the  most  posterior  bony 
point  is  the  outer  tuberosity  of  the  os  calcis,  with  the  ridge  separating  the  posterior  from  the 
outer  surface  of  the  bone.  In  front  of  this  the  greater  part  of  the  external  surface  of  the  os 
calcis  is  subcutaneous ;  on  it,  below  and  in  front  of  the  external  malleolus,  may  be  felt  the  pero- 
neal ridge,  when  this  process  is  present.  Farther  forward,  the  base  of  the  fifth  metatarsal  Done 
forms  a  prominent  and  well-defined  landmark,  and  in  front  of  this  the  shafl  of  the  bone,  with 
its  expanded  head,  and  the  base  of  the  first  phalanx  may  be  defined.  The  sole  of  the  foot  is 
almost  entirely  covered  by  soft  parts,  so  that  out  few  bony  parts  are  to  be  made  out,  and  these 
somewhat  obscurely.  The  hinder  part  of  the  under  surface  of  the  os  calcis  and  the  heads  of  the 
metatarsal  bones,  with  the  exception  of  the  first,  which  is  concealed  by  the  sesamoid  bones, 
may  be  recognized. 

Surgiciu  Anatomy.— Considering  the  injuries  to  which  the  foot  is  subjected,  it  is  surpris- 
ing how  seldom  the  tarsal  bones  are  fractured.  This  is  no  doubt  due  to  the  fact  that  the  tarsus 
is  composed  of  a  number  of  bones,  articulated  by  a  considerable  extent  of  surface  and  joined 
together  by  very  strong  ligaments,  which  serve  to  break  the  force  of  violence  applied  to  this 
part  of  the  body.  When  fracture  does  occur,  these  bones,  being  composed  for  the  most  part 
of  a  soft  cancellous  structure,  covered  only  by  a  thin  shell  of  compact  tissue,  are  oflen  extensively 
comminuted,  especially  as  most  of  the  fractures  are  produced  by  direct  violence.  And  bavins 
only  a  very  scanty  amount  of  soft  parts  over  them,  the  fractures  are  very  oflen  compound,  and 
amputation  is  frequently  necessary. 

When  ^fracture  occurs  in  the  anterior  grouf)  of  tarsal  bones,  it  is  almost  invariably  the  result 
of  direct  violence  ;  but  fractures  of  the  twsterior  group,  that  is,  of  the  calcaneum  and  astrag- 
alus, are  most  frequently  produced  by  falls  from  a  height  on  to  the  feet ;  though  fracture  of 
the  06  calcis  may  be  caused  bv  direct  violence  or  by  muscular  action.  The  posterior  part  of  the 
bone,  that  is,  the  part  behind  the  articular  surfaces,  is  almost  always  the  seat  of  the  fracture, 
though  some  few  cases  of  fracture  of  the  sustentaculum  tali  and  of  vertical  fracture  between 
the  two  articulating  facets  have  been  recorded.  The  neck  of  the  astragalus,  being  the  weakest 
part  of  the  bone,  is  most  frequently  fractured,  though  fractures  may  occur  in  any  part  and 
almost  in  any  direction,  either  associated  or  not  with  firacture  of  other  Dones. 

In  eases  of  club-foot,  especially  in  congenital  cases,  the  bones  of  the  tarsus  become  altered 
in  shape  and  size,  and  displaced  from  their  proper  positions.  This  is  especially  the  case  in  con- 
genital equino- varus,  in  which  the  astragalus,  particularly  about  the  head,  becomes  twisted  and 
atrophied,  and  a  similar  condition  may  be  present  in  the  other  bones,  more  especially  the  navic- 
ular. The  taraal  bones  are  peculiarly  liable  to  become  the  seat  of  tubercular  caries  from  com- 
paratively trivial  injuries.  There  are  several  reasons  to  account  for  this.  They  are  composed 
of  a  delicate  cancellated  structure,  surrounded  by  intricate  synovial  membranes.  They  are  situ- 
ated at  the  farthest  point  from  the  central  organ  of  the  circulation  and  exposed  to  vicissitudes 
of  temperature ;  ana,  moreover,  on  their  dorsal  surface  are  thinly  clad  with  soft  parts  which 
have  but  a  scanty  blood-supply.  And  finallv,  after  slight  injuries,  they  are  not  maintained  in  a 
condition  of  rest  to  the  same  extent  as  similar  injuries  in  some  other  parts  of  the  body.  Caries 
of  the  calcaneum  and  astragalus  may  remain  limited  to  the  one  bone  lor  a  long  period,  but  when 
one  of  the  other  bones  is  affected,  the  remainder  frequently  become  involved,  in  consequence  of 
the  disease  spreading  through  the  large  and  complicated  synovial  membrane  which  is  more  or 
less  common  to  these  bones. 

Amputation  of  the  whole  or  a  part  of  the  foot  is  frequently  required  either  for  injury  or 
disease.  The  principal  amputations  are  as  follow  :  (1)  Syme's :  amputation  at  the  ankle-joint 
by  a  heel-flap,  with  removal  of  the  malleoli  and  sometimes  a  thin  slice  from  the  lower  end  of 
the  tibia.  (2)  Roux's:  amputation  at  the  ankle-joint  by  a  large  internal  flap.  (3)  Pirogofl^s 
amputation  -.removal  of  the  whole  of  the  tarsal  bones,  except  the  posterior  part  of  the  os  calcis 
and  a  thin  slice  from  the  tibia  and  fibula  including  the  two  malleoli.  The  sawn  surface  of  the 
06  calcis  is  then  turned  up  and  united  to  the  similar  surface  of  the  tibia.  (4)  Subastragaloid 
amputation  :  removal  of  the  foot  below  the  astragalus  through  the  joint  between  it  and  the  os 
calcis.  This  operation  has  been  modified  by  Hancock,  who  leaves  the  posterior  third  of  the  os 
calcis  and  turns  it  up  against  the  denuded  surface  of  the  astragalus.  This  latter  operation  is  of 
doubtful  utility  and  is  rarely  performed.  (5)  Chopart's  or  medio-tarsal :  removal  of  the  ante- 
rior part  of  the  foot  with  all  the  tarsal  bones  except  the  os  calcis  and  astragalus ;  disarticula- 
tion being  effected  through  the  joints  between  the  scaphoid  and  cuboid  in  front,  and  the  astrag- 
alus and  08  calcis  behind.  (6)  Lisfranc's:  amputation  of  the  anterior  part  of  the  foot  through 
the  tarso-metatarsal  joints.  This  has  been  modified  by  Hey,  who  disarticulated  through  the 
joints  of  the  four  outer  metatarsal  bones  with  the  tarsus,  and  sawed  ofi"  the  projecting  internal 
cuneiform ;  and  by  Skey,  who  sawed  ofi"  the  base  of  the  second  metatarsal  bone  and  disarticu- 
lated the  others. 

The  bones  of  the  tarsus  occasionally  require  removal  individuall3\  This  is  especially  the 
case  with  the  astragalus  and  os  calcis  for  disease  limited  to  the  one  bone,  or  again  the  astragalus 
may  require  excision  in  cases  of  subastragaloid  dislocation,  or,  as  recommended  by  Mr.  Lund, 
in  cases  of  inveterate  talipes.  The  cuboid  has  been  removed  for  the  same  reason  by  Mr.  Solly. 
But  both  these  two  latter  operations  have  fallen  very  much  into  disuse,  and  have  been  suj)er- 
seded  by  resection  of  a  wedge-shaped  piece  of  bone  from  the  outer  side  of  the  tarsus.  Finally, 
Mickulicz  and  Watson  have  devised  operations  for  the  removal  of  more  extensive  portions  of 
the  tarsus.     Mickulicz' s  operation  consists  in  the  removal  of  the  os  calcis  and  astragalus,  along 
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with  the  articular  surfaces  of  the  tibia  and  fibula,  and  also  of  the  scaphoid  and  cuboid.  Tlie 
remaining  portion  of  the  tarsus  is  then  brought  into  contact  with  the  sawn  surfaces  of  the  tibia 
and  fibula,  and  fixed  there.  The  result  is  a  position  of  the  shortened  foot  resembling  talipes 
equinus.  Watson's  operation  is  adapted  to  those  cases  where  the  disease  is  confined  to  the 
anterior  tarsal  bones.  By  two  lateral  incisions  he  saws  through  the  bases  of  the  metatarsal 
bones  in  front  and  opens  up  the  joints  between  the  scaphoid  ana  astragalus,  and  the  cuboid  and 
OS  calcis,  and  removes  the  mtervening  bones. 

The  metatarsal  bones  and  phalanges  are  nearly  always  broken  by  direct  violence,  and  in  the 
majority  of  cases  the  injury  is  the  result  of  severe  crushmg  accidents,  necessitating  amputation. 
The  metatarsal  bones  and  especially  the  one  of  the  great  toe,  are  frequently  diseased,  either  in 
tubercular  subjects  or  in  perforating  ulcer  of  the  foot 

Sesamoid  Bonea. 

These  are  small  rounded  masses,  cartilaginous  in  early  life,  osseous  in  the  adult, 
which  are  developed  in  those  tendons  which  exert  a  great  amount  of  pressure  upon 
the  parts  over  which  they  glide.  It  is  said  that  they  are  more  commonly  found  in 
the  male  than  in  the  female,  and  in  persons  of  an  active  muscular  habit  than  in 
those  who  are  weak  and  debilitated.  They  are  invested  throughout  their  whole 
surface  by  the  fibrous  tissue  of  the  tendon  in  which  they  are  found,  excepting  upon 
that  side  which  lies  in  contact  with  the  part  over  which  they  play,  where  they 
present  a  free  articular  facet.  They  may  be  divided  into  two  kinds :  those  whicn 
glide  over  the  articular  surfaces  of  joints,  and  those  which  play  over  the  cartilag- 
inous facets  found  on  the  surfaces  of  certain  bones. 

The  sesamoid  bones  of  the  joints  in  the  upper  extremity,  are  two  on  the  palmar 
surface  of  the  metacarpo-phalangeal  joint  in  the  thumb,  developed  in  the  tendons 
of  the  Flexor  brevis  pollicis;  occasionally  one  or  two  opposite  the  metacarpo- 
phalangeal articulations  of  the  fore  and  little  fingers ;  and,  still  more  rarely,  one 
opposite  the  same  joints  of  the  third  and  fourth  fingers.  In  the  lower  extremity, 
the  patella,  which  is  developed  in  the  tendon  of  the  Quadriceps  extensor ;  two  small 
sesamoid  bones,  found  in  the  tendons  of  the  Flexor  brevis  hallucis,  opposite  the 
metatarso-phalangeal  joint  of  the  great  toe ;  and  occasionally  one  in  the  metatarso- 
phalangeal joint  of  the  second  toe,  the  little  toe,  and,  still  more  rarely,  the  third 
and  fourth  toes. 

Those  found  in  the  tendons  which  glide  over  certain  bones  occupy  the  following 
situations :  one  sometimes  found  in  the  tendon  of  the  Biceps  cubiti,  opposite  the 
tuberosity  of  the  radius :  one  in  the  tendon  of  the  Peroneus  longus,  where  it  glides 
through  the  groove  in  the  cuboid  bone ;  one  appears  late  in  life  in  the  tendon  of  the 
Tibialis  anticus,  opposite  the  smooth  facet  of  the  internal  cuneiform  bone ;  one  is 
found  in  the  tendon  of  the  Tibialis  posticus,  opposite  the  inner  side  of  the  head  of  the 
astragalus ;  one  in  the  outer  head  of  the  Gastrocnemius,  behind  the  outer  condyle 
of  the  femur ;  and  one  in  the  conjoined  tendon  of  the  Psoas  and  Iliacus,  where  it 
glides  over  the  os  pubis.  Sesamoid  bones  are  found  occasionally  in  the  tendon  of 
the  Gluteus  maximus,  as  it  passes  over  the  great  trochanter,  and  in  the  tendons 
which  wind  round  the  inner  and  outer  malleoli. 
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THE  various  bones  of  which  the  Skeleton  consists  are  connected  together  at 
different  parts  of  their  surfaces,  and  such  a  connection  is  designated  by  the 
name  of  Joivi  or  Articulation.  If  the  joint  is  immovable^  as  between  the  cranial  and 
most  of  the  facial  bones,  the  adjacent  margins  of  the  bones  are  applied  in  almost 
close  contact,  a  thin  layer  of  fibrous  membrane,  the  sidural  ligament^  and,  at  the 
base  of  the  skull,  in  certain  situations,  a  thin  layer  of  cartilage,  being  interposed. 
Where  slight  movement  is  required,  combined  with  great  strength,  the  osseous 
surfaces  are  united  by  tough  and  elastic  fibro-cartilages,  as  in  the  joints  of  the 
spine,  the  sacro-iliac  and  interpubic  articulations ;  but  in  the  movable  joints  the 
bones  forming  the  articulation  are  generally  expanded  at  the  ends  for  greater  con- 
venience of  mutual  connection,  covered  by  cartilage^  held  together  by  strong  bands 
or  capsules  of  fibrous  tissue  called  ligaments^  and  partially  lined  by  a  membrane, 
the  synovial  membrane^  which  secretes  a  fluid  to  lubricate  the  various  parts  of 
which  the  joint  is  formed ;  so  that  the  structures  which  enter  into  the  formation 
of  a  joint  are  bone,  cartilage,  fibro-cartilage,  ligament,  and  synovial  membrane. 

Bone  constitutes  the  fundamental  element  of  all  the  joints.  In  the  long  bones 
the  extremities  are  the  parts  which  form  the  articulations ;  they  are  generally 
somewhat  enlarged,  consisting  of  spongy  cancellous  tissue,  with  a  thin  coating  of 
compact  substance.  In  the  flat  bones  the  articulations  usually  take  place  at  the 
edges,  and,  in  the  short  bones  at  various  parts  of  their  surface.  The  layer  of 
compact  bone  which  forms  the  articular  surface,  and  to  which  the  cartilage  is 
attached,  is  called  the  articular  lamella.  It  is  of  a  white  color,  extremely  dense, 
and  varies  in  thickness.  Its  structure  differs  from  ordinary  bone-tissue  in  this 
respect,  that  it  contains  no  Haversian  canals,  and  its  lacunae  are  much  larger  than 
in  ordinary  bone  and  have  no  canaliculi.  The  vessels  of  the  cancellous  tissue,  as 
they  approach  the  articular  lamella,  turn  back  in  loops,  and  do  not  perforate  it ; 
this  layer  is  consequently  more  dense  and  firmer  than  ordinary  bone,  and  is  evi- 
dently designed  to  form  a  firm  and  unyielding  support  for  the  articular  cartilage. 

The  cartilage,  which  covers  the  articular  surfaces  of  bone,  and  is  called  the 
articular^  will  be  found  described,  with  the  other  varieties  of  cartilage,  in  the  section 
on  General  Anatomy  (page  51). 

Ligaments  consist  of  bands  of  various  forms,  serving  to  connect  together  the 
articular  extremities  of  bones,  and  composed  mainly  of  bundles  of  white  fibrous 
tiMsue  placed  parallel  with,  or  closely  interlaced  with,  one  another,  and  presenting 
a  white,  shining,  silvery  aspect.  A  ligament  is  pliant  and  flexible,  so  as  to  allow 
of  the  most  perfect  freedom  of  movement,  but  strong,  tough,  and  inextensile,  so 
as  not  readily  to  yield  under  the  most  severely  applied  force ;  it  is  consequently 
well  adapted  lo  serve  as  the  connecting  medium  between  the  bones.  Some  liga 
ments  consist  entirely  of  yellow  elastic  tissue,  as  the  ligamenta  subflava,  which 
connect  together  the  adjacent  arches  of  the  vertebrae  and  the  ligamentum  nuchas 
in  the  lower  animals.  In  these  cases  it  will  be  observed  that  the  elasticity  of  the 
ligament  is  intended  to  act  as  a  substitute  for  muscular  power. 

Synovial  membrane  is  a  thin,  delicate  membrane  of  connective  tissue,  with 
branched  connective-tissue  corpuscles.  Its  secretion  is  thick,  viscid,  and  glairy, 
like  the  white  of  egg,  and  is  hence  termed  synovia.  The  synovial  membranes 
found  in  the  body  admit  of  subdivision  into  three  kinds — articular,  bursal,  and 
vaginal. 

The  articular  synovial  membranes  are  found  in  all  the  freely  movable  joints. 
In  ^he  foetus  this  membrane  is  said,  bv  Tovnbee,  to  be  continued  over  the  surface 
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of  the  cartilages;  but  in  the  adult  it  is  wanting,  excepting  at  their  circumference, 
upon  which  it  encroaches  for  a  short  distance,  and  to  which  it  is  firmly  attached; 
it  then  invests  the  inner  surface  of  the  capsular  or  other  ligaments  enclosing  the 
joint,  and  is  reflected  over  the  surface  of  any  tendons  passing  through  its  cavity,  as 
the  tendon  of  the  Popliteus  in  the  knee  and  the  tendon  of  the  Biceps  in  the 
shoulder.  Hence  the  articular  synovial  membrane  may  be  regarded  as  a  short 
wide  tube,  attached  by  its  open  ends  to  the  margins  of  the  articular  cartilages,  and 
covering  the  inner  surface  of  the  various  ligaments  w^hich  connect  the  articular 
surfaces,  so  that  along  with  the  cartilages  it  completely  encloses  the  joint-cavity. 
In  some  of  the  joints  the  synovial  membrane  is  thrown  into  folds,  which  pass 
across  the  cavity.  They  are  called  synovial  ligaments^  and  are  especially  distinct 
in  the  knee.  In  other  joints  there  are  flattened  folds,  subdivided  at  their  margins 
into  fringe-like  processes,  the  vessels  of  which  have  a  convoluted  arrangement. 
These  latter  generally  project  from  the  synovial  membrane  near  the  margin  of  the 
cartilage  and  lie  flat  upon  its  surface.  They  consist  of  connective  tissue  covered 
with  endothelium,  and  contain  fat-cells  in  variable  quantities,  and,  more  rarely, 
isolated  cartilage-cells.  The  larger  folds  often  contain  considerable  quantities  of 
fat.  They  were  described  by  Clopton  Havers  as  mucilaginous  glands^  and  as  the 
source  of  the  synovial  secretion.  Under  certain  diseased  conditions  similar  pro- 
cesses are  found  covering  the  entire  surface  of  the  synovial  membrane,  forming  a 
mass  of  pedunculated  fibro-fatty  growths  which  project  into  the  joint.  Similar 
structures  are  also  found  in  some  of  the  bursal  and  vaginal  synovial  membranes. 

The  bursal  synovial  membranes  are  found  interposed  between  surfaces  which 
move  upon  each  other,  producing  friction,  as  in  the  gliding  of  a  tendon  or  of  the 
integument  over  projecting  bony  surfaces.  They  admit  of  subdivision  into  two 
kinds,  the  bursoe  mucosoe  antl  the  bursce  synovice.  The  bursas  mucosce  are  large, 
simple,  or  irregular  cavities  in  the  subcutaneous  areolar  tissue,  enclosing  a  clear 
viscid  fluid.  They  are  found  in  various  situations,  as  between  the  integument  and 
the  front  of  the  patella,  over  the  olecranon,  the  malleoli,  and  other  prominent  parts. 
The  bursce  synovia?  are  found  interposed  between  muscles  or  tendons  as  they  play 
over  projecting  bony  surfaces,  as  between  the  Glutei  muscles  and  the  surface  of 
the  great  trochanter.  They  consist  of  a  thin  wall  of  connective  tissue,  partially 
covered  by  patches  of  cells,  and  contain  a  viscid  fluid.  Where  one  of  these  exists 
in  the  neighborhood  of  a  joint,  it  usually  communicates  with  its  cavity,  as  is  gen- 
erally the  case  with  the  bursa  between  the  tendon  of  the  Psoas  and  Iliacus  and 
the  capsular  ligament  of  the  hip,  or  the  one  interposed  between  the  under  surface 
of  the  Subscapularis  and  the  neck  of  the  scapula. 

The  vaginal  syriovial  membranes  {synovial  sheaths)  serwe  to  facilitate  the  gliding 
of  tendons  in  the  osseo-fibrous  canals  through  which  they  pass.  The  membrane  is 
here  arranged  in  the  form  of  a  sheath,  one  layer  of  which  adheres  to  the  wall  of 
the  canal,  and  the  other  is  reflected  upon  the  surface  of  the  contained  tendon,  the 
space  between  the  two  free  surfaces  of  the  membrane  being  partially  filled  with 
synovia.  These  sheaths  are  chiefly  found  surrounding  the  tendons  of  the  flexor 
and  extensor  muscles  of  the  fingers  and  toes  as  they  pass  through  the  osseo-fibrous 
canals  in  the  hand  or  foot. 

Synovia  is  a  transparent,  yellowish-white  or  slightly  reddish  fluid,  viscid  like 
the  white  of  egg,  having  an  alkaline  reaction  and  slightly  saline  taste.  It  consists, 
according  to  Frerichs,  in  the  ox,  of  94.85  water,  0.t56  mucus  and  epithelium,  0.07 
fat,  3.51  albumen  and  extractive  matter,  and  0.99  salts. 

The  articulations  are  divided  into  three  classes:  synarthrosis,  or  immovable  ; 
amphiarthrosis,  or  mixed ;  and  diarthrosis^  or  movable  joints. 

1.  Synarthrosis.    Immovable  Articulations. 

Synarthrosis  includes  all  those  articulations  in  which  the  surfaces  of  the  bones 
are  in  almost  direct  contact,  fastened  together  by  an  intervening  mass  of  connective 
tissue,  and  in  which  there  is  no  appreciable  motion,  as  the  joints  between  the  bones 
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of  the  cranium  and  face,  excepting  those  of  the  lower  jaw.  The  varieties  of  synar- 
throsis are  four  in  number  :  Sutura,  Schindylesis,  Gomphosis,  and  Synchondrosis. 

Sutura  (a  seam)  is  that  form  of  articulation  where  the  contiguous  margins  of 
flat  bones  are  united  by  a  thin  layer  of  fibrous  tissue.  It  is  met  with  only  in  the 
skull.  Where  the  articulating  surfaces  are  connected  by  a  series  of  processes  and 
indentations  interlocked  together,  it  is  termed  sutura  vera^  of  which  there  are 
three  varieties :  sutura  dentata,  serrata,  and  limbosa.  The  surfaces  of  the  bones 
are  not  in  direct  contact,  being  separated  by  a  layer  of  membrane  continuous 
externally  with  the  pericranium,  internally  with  the  dura  mater.  The  sutura 
dentata  (dens,  a  tooth)  is  so  called  from  the  tooth-like  form  of  the  projecting 
articular  processes,  as  in  the  suture  between  the  parietal  bones.  In  the  sutura 
serrata  (serra,  a  saw)  the  edges  of  the  two  bones  forming  the  articulation  are 
serrated  like  the  teeth  of  a  fine  saw,  as  between  the  two  portions  of  the  frontal 
bone.  In  the  sutura  limbosa  {limbus,  a  selvage),  besides  the  dentated  processes, 
there  is  a  certain  degree  of  bevelling  of  the  articular  surfaces,  so  that  the  bones 
overlap  one  another,  as  in  the  suture  between  the  parietal  and  frontal  bones. 
When  the  articulation  is  formed  by  roughened  surfaces  placed  in  apposition  with 
one  another,  it  is  termed  the  false  suture  {sutura  notha),  of  which  there  are  two 
kinds :  the  sutura  squamosa  {squama,  a  scale),  formed  by  the  overlapping  of  two 
contiguous  bones  by  broad  bevelled  margins,  as  in  the  squamo-parietal  (squamous) 
suture ;  and  the  sutura  harmonia  {dp/jioi/ia,  a  joining  together),  where  there  is 
simple  apposition  of  two  contiguous  rough  bony  surfaces,  as  in  the  articulation 
between  the  two  superior  maxillary  bones  or  of  the  horizontal  plates  of  the  palate 
bones. 

Schindylesis  {a-^tvduhjae^,  a  fissure)  is  that  form  of  articulation  in  which  a  thin 
plate  of  bone  is  received  into  a  cleft  or  fissure  formed  by  the  separation  of  two 
laminae  in  another  bone,  as  in  the  articulation  of  the  rostrum  of  the  sphenoid  and 
perpendicular  plate  of  the  ethmoid  with  the  vomer,  or  in  the  reception  of  the  latter 
in  the  fissure  between  the  superior  maxillary  and  palate  bones. 

Gomphosis  {y6/i<po^,  a  nail)  is  an  articulation  formed  by  the  insertion  of  a 
conical  process  into  a  socket,  as  a  nail  is  driven  into  a  board ;  this  is  not  illustrated 
by  any  articulation  between  bones,  properly  so  called,  but  is  seen  in  the  articulation 
of  the  teeth  with  the  alveoli  of  the  maxillary  bones. 

Synchondrosis. — Where  the  connecting  medium  is  cartilage  the  joint  is  termed 
a  synchondrosis.  This  is  a  temporary  form  of  joint,  for  the  cartilage  becomes  con- 
verted into  bone  before  adult  life.  Such  a  joint  is  found  between  the  epiphyses  and 
shafts  of  long  bones. 

2.  Amphiarthrosis.    Mixed  ArticnlationB. 

In  this  form  of  articulation  the  contiguous  osseous  surfaces  are  either  con- 
nected together  by  broad  flattened  disks  of  fibro-cartilage,  of  a  more  or  less 
complex  structure,  which  adhere  to  the  end  of  each  bone,  as  in  the  articulation 
between  the  bodies  of  the  vertebrae  and  the  sacro-iliac  and  pubic  symphyses.  This 
is  termed  Sjonphysis.  Or,  secondly,  the  bony  surfaces  are  united  by  an  interosseous 
ligament,  as  in  the  inferior  tibio-fibular  articulation.  To  this  the  term  Syndosmosis 
is  applied. 

3.  Diarthrosis.    Movable  Articulations. 

This  form  of  articulation  includes  the  greater  number  of  the  joints  in  the  body, 
mobility  being  their  distinguishing  character.  They  are  formed  by  the  approxi- 
mation of  two  contiguous  bony  surfaces  covered  with  cartilage,  connected  by 
ligaments  and  lined  by  synovial  membrane.  The  varieties  of  joints  in  this  class 
have  been  determined  by  the  kind  of  motion  permitted  in  each.  There  are  tw^o 
varieties  in  which  the  movement  is  uniaxial ;  that  is  to  say,  all  movements  take 
place  around  one  axis.  In  one  form,  the  Ginglymus,  this  axis  is,  practically 
speaking,  transverse;  in  the  other,  the  trochoid  or  pivot-joint,  it  is  longitudinal. 
There  are  two  varieties  where  the  movement  is  biaxial,  or  around  two  horizontal 
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axes  at  right  angles  to  each  other  or  at  any  intervening  axis  between  the  two. 
These  are  the  condyloid  and  saddle-joint.  There  is  one  form  of  joint  where  the 
movement  is  polyaxial,  the  enarthrosis  or  ball-and-socket  joint.  And  finally  there 
are  the  Arthrodia  or  Gliding  joints. 

Gingl3rmu8  or  Hinge-joint  {yiyyXofioz,  a  hinge). — In  this  form  of  joint  the 
articular  surfaces  are  moulded  to  each  other  in  such  a  manner  as  to  permit  motion 
only  in  one  plane,  forward  and  backward ;  the  extent  of  motion  at  the  same  time 
being  considerable.  The  direction  which  the  distal  bone  takes  in  this  motion  is 
never  in  the  same  plane  as  that  of  the  axis  of  the  proximal  bone,  but  there  is 
always  a  certain  amount  of  alteration  from  the  straight  line  during  flexion.  The 
articular  surfaces  are  connected  together  by  strong  lateral  ligaments,  which  form 
their  chief  bond  of  union.  The  most  perfect  forms  of  ginglymus  are  the  inter- 
phalangeal  joints  and  the  joint  between  the  humerus  and  ulna ;  the  knee  and  ankle 
are  less  perfect,  as  they  allow  a  slight  degree  of  rotation  or  lateral  movement  in 
certain  positions  of  the  limb. 

Trochoides  (pivot-joint). — Where  the  movement  is  limited  to  rotation,  the  joint 
is  formed  by  a  pivot-like  process  turning  within  a  ring,  or  the  ring  on  the  pivot,  the 
ring  being  formed  partly  of  bone,  partly  of  ligament.  In  the  superior  radio-ulnar 
articulation  the  ring  is  formed  partly  by  the  lesser  sigmoid  cavity  of  the  ulna ;  in 
the  rest  of  its  extent,  by  the  orbicular  ligament ;  here  the  head  of  the  radius 
rotates  within  the  ring.  In  the  articulation  of  the  odontoid  process  of  the  axis 
with  the  atlas  the  ring  is  formed  in  front  by  the  anterior  arch  of  the  atlas ;  behind, 
by  the  transverse  ligament ;  here  the  ring  rotates  round  the  odontoid  process. 

Oondyloid  Articulations. — In  this  form  of  joint  an  ovoid  articular  head,  or 
condyle,  is  received  into  an  elliptical  cavity  in  such  a  manner  as  to  permit  of 
flexion  and  extension,  adduction  and  abduction  and  circumduction,  but  no  axial 
rotation.  The  articular  surfaces  are  connected  together  by  anterior,  posterior,  and 
lateral  ligaments.     An  example  of  this  form  of  joint  is  found  in  the  wrist. 

Articulations  by  Reciprocal  Reception  (saddle-joint). — In  this  variety  the 
articular  surfaces  are  concavo-convex  ;  that  is  to  say,  they  are  inversely  convex  in 
one  direction  and  concave  in  the  other.  The  movements  are  the  same  as  in  the 
preceding  form ;  that  is  to  say,  there  is  flexion,  extension,  adduction,  abduction, 
and  circumduction,  but  no  axial  rotation.  The  articular  surfaces  are  connected  by 
d.  capsular  ligament.  The  best  example  of  this  form  of  joint  is  the  carpo-meta- 
carpal  joint  of  the  thumb. 

Enarthrosis  is  that  form  of  joint  in  which  the  distal  bone  is  capable  of  motion 
around  an  indefinite  number  of  axes  which  have  one  common  centre.  It  is  formed 
by  the  reception  of  a  globular  head  into  a  deep  cup-like  cavity  (hence  the  name 
"  ball-and-socket "),  the  parts  being  kept  in  apposition  by  a  capsular  ligament 
strengthened  by  accessory  ligamentous  bands.  Examples  of  this  form  of  articulation 
are  found  in  the  hip  and  shoulder. 

Arthrodia  is  that  form  of  joint  which  admits  of  a  gliding  movement;  it  is 
formed  by  the  approximation  of  plane  surfaces  or  one  slightly  concave,  the  other 
slightly  convex,  the  amount  of  motion  between  them  being  limited  by  the 
ligaments,  or  osseous  processes,  surrounding  the  articulation ;  as  in  the  articular 
processes  of  the  vertebrae,  the  carpal  joints,  except  that  of  the  os  magnum  with  the 
scaphoid  and  semilunar  bones,  and  the  tarsal  joints  with  the  exception  of  the  joint 
between  the  astragalus  and  the  navicular. 

On  the  next  page,  in  a  tabular  form,  are  the  names,  distinctive  characters,  and 
examples  of  the  different  kinds  of  articulations. 

The  Kinds  of  Movement  admitted  in  Joints. 

The  movements  admissible  in  joints  may  be  divided  into  four  kinds :  gliding, 
angular  movement,  circumduction,  and  rotation.  These  movements  are  often, 
however,  more  or  less  combined  in  the  various  joints,  so  as  to  produce  an  infinite 
variety,  and  it  is  seldom  that  we  find  only  one  kind  of  motion  in  any  particular  joint. 
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Synarthrosis^  or 
Immovable  Joint. 
Surfaces  separated 
by  fibrous  mem- 
b  r  a  n  e ,  without 
any  intervening 
synovial  cavity, 
and  immovably 
connected  with 
each  other. 

As  in  joints  of 
cranium  and  face 
(except  lower 
jaw). 


vera 


Sutura 
(true),     articulate  ^ 
by   indented   bor- 
ders. 


Sutura,  Ar- 
ticulation by 
processes  and  < 
indentations 
interlocked  to- 
gether. 


Sutura      notha 
(false),    articulate 
^  by  rough  surfaces. 


Amphiarthrosis, 
Mixed  Articula- 
tion. 


1 


Diarthrosis, 
Movable   Joint. 


Dentata^  having 
tooth-like  processes. 

As  in  interparietal 
suture. 

Serratay  having  ser- 
rated edges  like  the 
teeth  of  a  saw. 

As  in  interfronlal 
suture. 

Limbosa,  having 
bevelled  margins  and 
dentated  processes. 

As  in  fronto-parie- 
tal  suture. 

Squamosa,  formed 
by  thin  bevelled  mar- 
gins, overlapping  each 
other. 

As  in  squamo-parie- 
tal  suture. 

ffarmonia^tormedhy 
the  apposition  of  con- 
tiguous rough  surfaces. 
As    in    intermaxil- 
^  lary  suture. 

Schindylesis. — Articulation  formed  by  the  reception  of  a 
thin  plate  of  one  bone  into  a  fissure  of  another. 

As  in  articulation  of  rostrum  of  sphenoid  with  vomer. 
Gomphosis, — Articulation   formed  by  the  insertion  of  a 
conical  process  into  a  socket. 
The  teeth. 

Symphysis. — Surfaces  connected  by  fibro-cartilage,  not 
separated  by  synovial  membrane,  and  having  limited  motion. 
As  in  joints  between  bodies  of  vertebrae. 

Syndosmosis. — Surfaces  united  by  an  interosseous  ligament. 
As  in  the  inferior  tibio-fibular  articulation. 

Ginglymus. — Hinge-joint;  motion  limited  to  two  directions, 
forward  and  backward.  Articular  surfaces  fitted  together 
so  as  to  permit  of  movement  in  one  plane.  As  in  the  inter- 
phalangeal  joints  and  the  joint  between  the  humerus  and  the 
ulna. 

Trochoides,  or  Pivot-joint — Articulation  by  a  pivot  process 
turning  within  a  ring  or  ring  around  a  pivot.  As  in  superior 
radio-ulnar  articulation  and  atlanto-axial  joint. 

Condyloid. — Ovoid  head  received  into  elliptical  cavity. 
Movements  in  every  direction  except  axial  rotation.  As  the 
wrist-joint. 

Reciprocal  Reception  (saddle-joint). — Articular  surfaces 
inversely  convex  in  one  direction  and  concave  in  the  other. 
Movement  in  every  direction  except  axial  rotation.  As  in  the 
carpo-metacarpal  joint  of  the  thumb. 

FJnarthrosis. — Ball-and-socket  joint ;  capable  of  motion  in 
all  directions.  Articulations  by  a  globular  head  received  into 
a  cup-like  cavity.     As  in  hip-  and  shoulder-joints. 

Arthrodia. — Gliding  joint ;  articulations  by  plane  surfaces, 
which  glide  upon  each  other.  As  in  carpal  and  tarsal  articu- 
lations. 
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Gliding  movemejit  is  the  most  simple  kind  of  motion  that  can  take  place  in  a 
joint,  one  surface  gliding  or  moving  over  another  without  any  angular  or  rotatory 
movement.  It  is  common  to  all  movable  joints,  but  in  some,  as  in  the  articu- 
lations of  the  carpus  and  tarsus,  it  is  the  only  motion  permitted.  This  movement 
is  not  confined  to  plane  surfaces,  but  may  exist  between  any  two  contiguous 
surfaces,  of  whatever  form,  limited  by  the  ligaments  which  enclose  the  articu- 
lation. 

Angular  movement  occurs  only  between  the  long  bones,  and  by  it  the  angle 
between  the  two  bones  is  increased  or  diminished.  It  may  take  place  in  four 
directions :  forward  and  backward,  constituting  flexion  and  extension,  or  inward 
and  outward,  from  the  mesial  line  of  the  body  (or  in  the  fingers  and  toes  from 
the  middle  line  of  the  hand  or  foot),  constituting  adduction  and  abduction.  The 
strictly  ginglymoid  or  hinge-joints  admit  of  flexion  and  extension  only.  Abduction 
and  adduction,  combined  with  flexion  and  extension,  are  met  w^ith  in  the  more 
movable  joints;  as  in  the  hip,  shoulder,  and  metacarpal  joint  of  the  thumb,  and 
partially  in  the  wrist. 

Circumduction  is  that  limited  degree  of  motion  which  takes  place  between  the 
head  of  a  bone  and  its  articular  cavity,  whilst  the  extremity  and  sides  of  the  limb 
are  made  to  circumscribe  a  conical  space,  the  base  of  which  corresponds  with  the 
inferior  extremity  of  the  limb,  the  apex  with  the  articular  cavity ;  this  kind  of 
motion  is  best  seen  in  the  shoulder-  and  hip-joints. 

Rotation  is  the  movement  of  a  bone  upon  an  axis,  which  is  the  axis  of  the  pivot 
on  which  the  bone  turns,  as  in  the  articulation  between  the  atlas  and  axis,  when 
the  odontoid  process  serves  as  a  pivot  around  which  the  atlas. turns;  or  else  is  the 
axis  of  a  pivot-like  process  which  turns  w^ithin  a  ring,  as  in  the  rotation  of  the 
radius  upon  the  humerus. 

Ligamentous  Action  of  Muscles. — The  movements  of  the  different  joints  of  a  limb 
are  combined  by  means  of  the  long  muscles  which  pass  over  more  than  one  joint, 
and  which,  when  relaxed  and  stretched  to  their  greatest  extent,  act  to  a  certain 
extent  as  elastic  ligaments  in  restraining  certain  movements  of  one  joint,  except  when 
combined  with  corresponding  movements  of  the  other,  these  latter  movements 
being  usually  in  the  opposite  direction.  Thus  the  shortness  of  the  hamstring 
muscles  prevents  complete  flexion  of  the  hip,  unless  the  knee-joint  be  also  flexed, 
so  as  to  bring  their  attachments  nearer  together.  The  uses  of  this  arrangement 
are  threefold :  1.  It  co-ordinates  the  kinds  of  movement  which  are  the  most 
habitual  and  necessary,  and  enables  them  to  be  performed  with  the  least  expendi- 
ture of  power.  *'  Thus  in  the  usual  gesture  of  the  arms,  whether  in  grasping  or 
rejecting,  the  shoulder  and  the  elbow  are  flexed  simultaneously,  and  simultaneously 
extended,"  in  consequence  of  the  passage  of  the  Biceps  and  Triceps  cubiti  over  both 
joints.  2.  It  enables  the  short  muscles  which  pass  over  only  one  joint  to  act  upon 
more  than  one.  ''  Thus,  if  the  Rectus  femoris  remain  tonically  of  such  length 
that,  when  stretched  over  the  extended  hip,  it  compels  extension  of  the  knee,  then 
the  Gluteus  maximus  becomes  not  only  an  extensor  of  the  hip,  but  an  extensor 
of  the  knee  as  well."  3.  It  provides  the  joints  with  ligaments  which,  w^hile  they 
are  of  very  great  power  in  resisting  movements  to  an  extent  incompatible  with  the 
mechanism  of  the  joint,  at  the  same  time  spontaneously  yield  when  necessary. 
"  Taxed  beyond  its  strength,  a  ligament  will  be  ruptured,  whereas  a  contracted 
muscle  is  easily  relaxed ;  also,  if  neighboring  joints  be  united  by  ligaments,  the 
amount  of  flexion  or  extension  of  each  must  remain  in  constant  proportion  to  that 
of  the  other ;  while,  if  the  union  be  by  muscles,  the  separation  of  the  points  of  attach- 
ment of  those  muscles  may  vary  considerably  in  different  varieties  of  movement, 
the  muscles  adapting  themselves  tonically  to  the  length  required.'*  The  quotations 
are  from  a  very  interesting  paper  by  Dr.  Cleland  in  the  Journal  of  Anatomy  and 
Physiology^  No.  1,  18G6,  p.  85 ;  by  whom  I  believe  this  important  fact  in  the 
mechanism  of  joints  was  first  clearly  pointed  out,  though  it  has  been  independently 
observed  afterward  by  other  anatomists.  Dr.  W.  W.  Keen  points  out  how 
important  it  is  ''  that  the  surgeon  should  remember  this  ligamentous  action  of 
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muscles  in  making  passive  motion — for  instance,  at  the  wrist  after  CoUes^s  fracture. 
If  the  fingers  be  extended,  the  wrist  can  be  flexed  to  a  right  angle.  If,  however, 
they  be  first  flexed,  as  in  "  making  a  fist,'*  flexion  at  the  wrist  is  quickly  limited  to 
from  forty  to  fifty  degrees  in  diff'erent  persons,  and  is  very  painful  beyond  that 
point.  Hence  passive  motion  here  should  te  made  with  the  fingers  extended. 
In  the  leg,  when  flexing  the  hip,  the  knee  should  be  flexed."  Dr.  Keen  further 
points  out  that  ^^  a  beautiful  illustration  of  this  is  seen  in  the  perching  of  birds, 
whose  toes  are  forced  to  clasp  the  perch  by  just  such  a  passive  ligamentous 
action  so  soon  as  they  stoop.  Hence  they  can  go  to  sleep  and  not  fall  ofi*  the 
perch." 

The  articulations  may  be  arranged  into  those  of  the  trunk,  those  of  the  upper 
extremity,  and  those  of  the  lower  extremity. 

ARTICULATIONS  OF  THE  TRUNK. 

These  may  be  divided  into  the  following  groups,  viz. : 

I.  Of  the  vertebral  column.  t   VII.  Of  the  cartilages  of  the  ribs  with 

II.  Of  the  atlas  with  the  axis.  1  the  sternum  and  with  each  other. 

III.  Of  the  atlas  with  the  occipital  bone.  I  VIII.  Of  the  sternum. 


IV.  Of  the  axis  with  the  occipital  bone. 
V.  Of  the  lower  jaw. 
VL  Of  the  ribs  with  the  vertebrae. 


IX.  Of  the  vertebral  column  with  the 

pelvis. 
X.  Of  the  pelvis. 


I.   Articulations  of  the  Vertebral  Golomn. 

The  different  segments  of  the  spine  are  connected  together  by  ligaments,  which 
admit  of  the  same  arrangement  as  the  vertebrae.  They  may  be  divided  into  five 
sets :  1.  Those  connecting  the  bodies  of  the  vertebrae.  2.  Those  connecting  the 
hmince,  3.  Those  connecting  the  articular  processes.  4.  Those  connecting  the 
spinous  processes.     5.  Those  of  the  transverse  processes. 

The  articulations  of  the  bodies  of  the  vertebrae  with  each  other  form  a  series 
of  amphiarthrodial  joints ;  those  between  the  articular  processes  form  a  series  of 
arthrodial  joints. 

1.   The  Ligaments  of  the  Bodies. 

Anterior  Common  Ligament.  Posterior  Common  Ligament. 

Intervertebral  Substance. 

The  Anterior  Oommon  Ligament  (Figs.  227,  228,  235,  239)  is  a  broad  and 
strong  band  of  ligamentous  fibres  which  extends  along  the  front  surface  of  the 
bodies  of  the  vertebrae  from  the  axis  to  the  sacrum.  It  is  broader  below  than 
above,  thicker  in  the  dorsal  than  in  the  cervical  or  lumbar  regions,  and  somewhat 
thicker  opposite  the  front  of  the  body  of  each  vertebra  than  opposite  the  inter- 
vertebral substance.  It  is  attached,  above,  to  the  body  of  the  axis  by  a  pointed 
process,  where  it  is  continuous  with  the  anterior  atlanto-axial  ligament,  and  is 
eonnected  with  the  tendon  of  insertion  of  the  Longus  colli  muscle,  and  extends 
down  as  far  as  the  upper  bone  of  the  sacrum.  It  consists  of  dense  longitudinal 
fibres,  which  are  intimately  adherent  to  the  intervertebral  substance  and  the 
prominent  margins  of  the  vertebrae,  but  less  closely  to  the  middle  of  the  bodies. 
In  the  latter  situation  the  fibres  are  exceedingly  thick,  and  serve  to  fill  up  the 
concavities  on  their  front  surface  and  to  make  the  anterior  surface  of  the  spine 
more  even.  This  ligament  is  composed  of  several  layers  of  fibres,  which  vary  in 
length,  but  are  closely  interlaced  with  each  other.  The  most  superficial  or  longest 
fibres  extend  between  four  or  five  vertebrae.  A  second  subjacent  set  extend 
between  two  or  three  vertebrae,  whilst  a  third  set,  the  shortest  and  deepest,  extend 
fn)m  one  vertebra  to  the  next.  At  the  side  of  the  bodies  the  ligament  consists  of 
a  few  short  fibres,  which  pass  from  one  vertebra  to  the  next,  separated  from  the 
median  portion  by  large  oval  apertures  for  the  passage  of  vessels. 

The  Posterior  Oommon  Ligament  (Figs.  227,  231)  is  situated  within  the  spinal 
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canal,  and  extends  along  the  posterior  surface  of  the  bodies  of  the  verlebrce  from 
the  body  of  the  axis  above,  where  it  is  continuous  with  the  occi  pi  to-axial  ligament, 
to  the  sacrum  below.  It  is  broader  above  than  below,  and  thicker  in  the  dorsal 
than  in  the  cervical  or  lumbar  regions.  In  the  situation  of  the  intervertebral 
substance  and  contiguous  margins  of  the  vertebra,  where  the  ligament  is  more 
intimately  adherent,  it  is  broad,  and  presents  a  series  of  dentations  with  inter- 
vening concave  margins ;  but  it  is  narrow  and  thick  over  the  centre  of  the  bodies, 
from  which  it  is  separated  by  the  ven<e  ba»is  vertebra.  This  ligament  is  composed 
of  smooth,  shining,  longitudinal  fibres,  denser  and  more  compact  than  those  of  the 
anterior  ligament,  and  composed  of  a  superficial  layer  occupying  the  interval 
between  three  or  four  vertebrae,  and  of  a  deeper  layer  which  extends  between 
one  vertebra  and  the  next  adjacent  to  it.     It  is  separated  from  the  dura  mater  of 


Fin.  22T,— Vertical  section  (if  two  vertebra  and  their  ligamentB.  firom  Uie  lumbar  region. 

the  spinal  cord  by  some  loose  connective  tissue  which  is  very  liable  to  serous 
infiltration. 

The  Intervertebral  Substance  (Figs.  227,  236)  is  a  lenticular  disk  of  composite 
structure  interposed  between  the  adjacent  surfaces  of  the  bodies  of  the  vertebrae 
from  the  axis  to  the  sacrum,  and  forming  the  chief  bond  of  connection  between 
those  bones.  These  disks  vary  in  shape,  size,  and  thickness  in  different  parts  of 
the  spine.  In  »h(fpe  they  accurately  correspond  with  the  surfaces  of  the  bodies 
between  which  they  are  placed,  being  oyal  in  the  cervical  and  lumbar  regions,  and 
circular  in  the  dorsal.  Their  »iz<'  is  greatest  in  the  lumbar  region.  In  thickne»t 
they  vary  not  only  in  the  different  regions  of  the  spine,  but  in  different  parts  of 
the  same  disk :  thus,  they  are  much  thicker  in  front  than  behind  in  the  cervical 
and  lumbar  regions,  while  they  are  uniformly  thick  in  the  dorsal  region.  The 
intervertebral  disks  form  about  one-fourth  of  the  f^pinat  column,  exclusive  of  the 
first  two  vertebraj ;  they  are  not  e([ually  distributed,  however,  between  the  various 
bones;  the  dorsal  portion  of  the  spine  having,  in  proportion  to  its  length,  a  much 
smaller  quantity  than  in  the  cervical  and  lumbar  regions,  which  necessarily  giveo 
to  the  latter  parts  greater  pliancy  and  freedom  of  movement.  The  intervertebral 
disks  are  adherent,  hy  their  surfaces,  to  a  thin  laver  of  hyaline  cartilage  which 
covers  the  upper  and  under  surfaces  of  the  bodies  of  the  vertebrje.  and  in  which  the 
epiphysial  plale  develops,  and  by  their  circumference  are  closely  connected   in 
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front  to  the  anterior,  and  behind  to  the  posterior  common  ligament ;  whilst  in  the 
dorsal  region  they  are  connected  laterally,  by  means  of  the  interarticular  ligament, 
to  the  heads  of  those  ribs  which  articulate  with  two  vertebrse  ;  they,  consequently, 
form  part  of  the  articular  cavities  in  which  the  heads  of  these  bones  are  received. 
StmctnTe  of  the  Intervertebral  Substance. — The  intervertebral  substance  is 
composed,  at  its  circumference,  of  laminne  of  fibrous  tissue  and  fibro-cartilage; 
and,  at  its  centre,  of  a  soft,  pulpy,  highly  elastic  substance,  of  a  yellowish  color, 
which  rises  up  considerably  above  the  surrounding  level  when  the  disk  is  divided 
horizontally.  This  pulpy  substance,  which  is  especially  well  developed  in  the 
lumbar  region,  is  the  remains  of  the  chorda  dorsalis,  and,  according  to  Luschka, 
contains  a  small  synovial  cavity  in  its  centre.  The  laminae  are  arranged  concen- 
trically one  within  the  other,  the  outermost  consisting  of  ordinary  fibrous  tissue, 
but  the  others  and  more  numerous  consisting  of  white  fibro-cartilage.  These 
plates  are  not  quite  vertical  in  their  direction,  those  near  the  circumference  being 
carved  outward  and  closely  approximated ;  whilst  those  nearest  the  centre  curve 
in  the  opposite  direction,  and  are  somewhat  more  widely  separated.  The  fibres  of 
which  each  plate  is  composed  are  directed,  for  the  most  part,  obliquely  from  above 
downward,  the  fibres  of  adjacent  plates  passing  in  opposite  directions  and  varying 
in  every  layer ;  so  that  the  fibres  of  one  layer  are  directed  across  those  of  another, 
like  the  limbs  of  the  letter  X.  This  laminar  arrangement  belongs  to  about  the 
outer  half  of  each  disk.  The  pulpy  substance  presents  no  concentric  arrangement, 
and  consists  of  a  fine  fibrous  matrix,  containing  angular  cells,  united  to  form  a 
reticular  structure. 

2.  Ligaments  connecting  the  Laminae. 
Ligamenta  Subflava. 

The  laigamenta  Subflava  (Fig.  227)  are  interposed  between  the  laminae  of  the 
vertebrae,  from  the  axis  to  the  sacrum.  They  are  most  distinct  when  seen  from 
the  interior  of  the  spinal  canal ;  when  viewed  from  the  outer  surface  they  appear 
short,  being  overlapped  by  the  laminae.  Each  ligament  consists  of  two  lateral 
portions,  which  commence  on  each  side  at  the  root  of  either  articular  process,  and 
pass  backward  to  the  point  where  the  laminae  converge  to  form  the  spinous 
process,  where  their  margins  are  in  contact  and  to  a  certain  extent  united ;  slight 
intervals  being  left  for  the  passage  of  small  vessels.  These  ligaments  consist  of 
yellow  elastic  tissue,  the  fibres  of  which,  almost  perpendicular  in  direction,  are 
attached  to  the  anterior  surface  of  the  laminae  above,  some  distance  from  its 
inferior  margin,  and  to  the  posterior  surface,  as  well  as  to  the  margin  of  the 
lamina  below.  In  the  cervical  region  they  are  thin  in  texture,  but  very  broad  and 
long ;  they  become  thicker  in  the  dorsal  region,  and  in  the  lumbar  acquire  very 
considerable  thickness.  Their  highly  elastic  property  serves  to  preserve  the 
upright  posture  and  to  assist  in  resuming  it  after  the  spine  has  been  flexed. 
These  ligaments  do  not  exist  between  the  occiput  and  atlas  or  between  the  atlas 
and  axis. 

3.  Ligaments  connecting  the  Articular  Processes. 

Capsular. 

The  Capsular  Ligaments  (Fig.  229)  are  thin  and  loose  ligamentous  sacs,  attached 
to  the  contiguous  margins  of  the  articulating  processes  of  each  vertebra  through 
the  greater  part  of  their  circumference,  and  completed  internally  by  the  ligamenta 
subflava.  They  are  longer  and  looser  in  the  cervical  than  in  the  dorsal  or  lumbar 
regions.  The  capsular  ligaments  are  lined  on  their  inner  surface  by  synovial 
membrane. 

4.  Ligaments  connecting  the  Spinous  Processes. 
Supraspinous.  Interspinous. 

The  Snpraspmons  Ligament  (Fig.  227)  is  a  strong  fibrous  cord,  which  connects 
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together  the  apices  of  the  spinous  processes  from  the  seventh  cervical  to  the  spinous 
processes  of  the  sacrum.  It  is  thicker  and  broader  in  the  lumbar  than  in  the  dorsal 
region,  and  intimately  blended,  in  both  situations,  with  the  neighboring  aponeu- 
rosis. The  most  superficial  fibres  of  this  ligament  connect  three  or  four  verteljrae ; 
those  deeper-seated  pass  between  two  or  three  vertebrae ;  whilst  the  deepest  connect 
the  contiguous  extremities  of  neighboring  vertebrae.  It  is  continued  upward  to 
the  external  occipital  protuberance,  as  the  ligamentum  nuohae,  which,  in  the  human 
subject,  is  thin  and  forms  merely  an  intermuscular  septum. 

The  Interspinous  Ligaments  (Fig.  227),  thin  and  membranous,  are  interposed 
between  the  spinous  processes.  Each  ligament  extends  from  the  root  to  the 
summit  of  each  spinous  process  and  connects  together  their  adjacent  margins. 
They  are  narrow  and  elongated  in  the  dorsal  region;  broader,  quadrilateral  in 
form,  and  thicker  in  the  lumbar  region ;  and  only  slightly  developed  in  the  neck. 

5.  Ligaments  connecting  the  Transverse  Processes. 

Intertransverse. 

The  Intertransverse  Ligaments  consist  of  bundles  of  fibres  interposed 
between  the  transverse  processes.  In  the  cervical  region  they  consist  of  a  few- 
irregular,  scattered  fibres ;  in  the  dorsal,  they  are  rounded  cords  intimately  con- 
nected with  the  deep  muscles  of  the  back  ;  in  the  lumbar  region  they  are  thin  and 
membranous. 

Actions. — The  movements  permitted  in  the  spinal  column  are.  Flexion,  Exten- 
sion, Lateral  Movement,  Circumduction,  and  Rotation. 

In  Flexion^  or  movement  of  the  spine  forward,  the  anterior  common  ligament 
is  relaxed,  and  the  intervertebral  substances  are  compressed  in  front,  while  the 
posterior  common  ligament,  the  ligamenta  subflava,  and  the  inter-  and  supra- 
spinous ligaments  are  stretched,  as  well  as  the  posterior  fibres  of  the  intervertebral 
disks.  The  interspaces  between  the  laminae  are  widened,  and  the  inferior  articular 
processes  of  the  vertebrae  above  glide  upward  upon  the  articular  processes  of  the 
vertebrae  below.     Flexion  is  the  most  extensive  of  all  the  movements  of  the  spine. 

In  Uxten8ion,  or  movement  of  the  spine  backward,  an  exactly  opposite  dis- 
position of  the  parts  takes  place.  This  movement  is  not  extensive,  being  limited 
by  the  anterior  common  ligament  and  by  the  approximation  of  the  spinous 
processes. 

Flexion  and  extension  are  most  free  in  the  lower  part  of  the  lumbar  region 
between  the  third  and  fourth  and  fourth  and  fifth  lumbar  vertebrae ;  above  the 
third  they  are  much  diminished,  and  reach  their  minimum  in  the  middle  and 
upper  part  of  the  back.  They  increase  again  in  the  neck,  the  capability  of  motion 
backward  from  the  upright  position  being  in  this  region  greater  than  that  of  the 
motion  forward,  whereas  in  the  lumbar  region  the  reverse  is  the  case. 

In  Lateral  Movement^  the  sides  of  the  intervertebral  disks  are  compressed,  the 
extent  of  motion  being  limited  by  the  resistance  offered  by  the  surrounding  liga- 
ments and  by  the  approximation  of  the  transverse  processes.  This  movement  may 
take  place  in  any  part  of  the  spine,  but  is  most  free  in  the  neck  and  loins. 

Circumduction  is  very  limited,  and  is  produced  merely  by  a  succession  of  the 
preceding  movements. 

Rotation  is  produced  by  the  twisting  of  the  intervertebral  substances ;  this, 
although  only  slight  between  any  two  vertebrae,  produces  a  great  extent  of  move- 
ment when  it  takes  place  in  the  whole  length  of  the  spine,  the  front  of  the 
column  being  turned  to  one  or  the  other  side.  This  movement  takes  place  only  to 
a  slight  extent  in  the  neck,  but  is  freer  in  the  upper  part  of  the  dorsal  region,  and 
is  altogether  absent  in  the  lumbar  region. 

It  is  thus  seen  that  the  cervical  region  enjoys  the  greatest  extent  of  each 
variety  of  movement,  flexion  and  extension  especially  being  very  free.  In  the 
dorsal  region  the  three  movements  of  flexion,  extension,  and  circumduction  are 
only  permitted  to  a  slight  extent,  while  rotation  is  very  free  in  the  upper  part  and 
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ceases  below.  In  the  lumbar  region  there  is  free  flexion,  extension,  and  lateral 
movement,  but  no  rotation. 

As  Sir  George  Humphry  has  pointed  out,  the  movements  permitted  are  mainly 
due  to  the  shape  and  position  of  the  articulating  processes.  In  the  loins  the 
inferior  articulating  processes  are  turned  outward  and  embraced  by  the  superior ; 
this  renders  rotation  in  this  region  of  the  spine  impossible,  while  there  is  nothing 
to  prevent  a  sliding  upward  and  downward  of  the  surfaces  on  each  other,  so  as  to 
allow  of  flexion  and  extension.  In  the  dorsal  region,  on  the  other  hand,  the 
articulating  processes,  by  their  direction  and  mutual  adaptation,  especially  at  the 
upper  part  of  the  series,  permit  of  rotation,  but  prevent  extension  and  flexion, 
while  in  the  cervical  region  the  greater  obliquity  and  lateral  slant  of  the  articular 
processes  allow  not  only  flexion  and  extension,  but  also  rotation. 

The  principal  muscles  which  produce  flexion  are  the  Sterno-mastoid,  Rectus 
capitis  anticus  major,  and  Longus  colli ;  the  Scaleni ;  the  abdominal  muscles  and 
the  Psoas  magnus.  Extension  is  produced  by  the  fourth  layer  of  the  muscles  of 
the  back,  assisted  in  the  neck  by  the  Splenius,  Semispinalis  dorsi  et  colli,  and 
the  Multifidus  spinae.  Lateral  motion  is  produced  by  the  fourth  layer  of  the 
muscles  of  the  back,  by  the  Splenius  and  the  Scaleni,  the  muscles  of  one  side  only 
acting ;  and  rotation  by  the  action  of  the  following  muscles  of  one  side  only — viz. 
the  Sterno-mastoid,  the*  Rectus  capitis  anticus  major,  the  Scaleni,  the  Multifidus 
8pinse,  the  Complexus,  and  the  abdominal  muscles. 

n.  Articulation  of  the  Atlas  with  the  Axis. 

The  articulation  of  the  Atlas  with  the  Axis  is  of  a  complicated  nature,  comprising 
no  fewer  than  four  distinct  joints.  There  is  a  pivot  articulation  between  the  odontoid 
process  of  the  axis  and  the  ring  formed  between  the  anterior  arch  of  the  atlas  and 
the  transverse  ligament  (see  Fig.  230).  Here  there  are  two  joints :  one  in  front 
between  the  posterior  surface  of  the  anterior  arch  of  the  atlas  and  the  front  of  the 
odontoid  process  (the  atlo-odontoid  joint  of  Cruveilhier) ;  the  other  between  the 
anterior  surface  of  the  transverse  ligament  and  the  back  of  the  process  (the 
mfftdesmo-odontoid  joint).  Between  the  articulating  processes  of  the  two  bones 
there  is  a  double  arthrodia  or  gliding  joint.  The  ligaments  which  connect  these 
bones  are  the 

Two  Anterior  Atlan to-axial.  Transverse. 

Posterior  Atlanto-axial.  Two  Capsular. 

Of  the  Two  Anterior  Atlanto-azial  Ligaments  (Fig.  228),  the  more  superficial  is 
a  rounded  cord,  situated  in  the  middle  line ;  it  is  attached,  above,  to  the  tubercle 
on  the  anterior  arch  of  the  atlas ;  below,  to  the  base  of  the  odontoid  process  and  to 
the  front  of  the  body  of  the  axis.  The  deeper  ligament  is  a  membranous  layer, 
attached,  above,  to  the  lower  border  of  the  anterior  arch  of  the  atlas ;  below,  to 
the  base  of  the  odontoid  process  and  front  of  the  body  of  the  axis.  These  ligaments 
are  in  relation,  in  front,  with  the  Recti  antici  majores. 

The  Posterior  Atlanto-azial  Ligament  (Fig.  229)  is  a  broad  and  thin  membranous 
layer,  attached,  above,  to  the  lower  border  of  the  posterior  arch  of  the  atlas; 
below,  to  the  upper  edge  of  the  laminse  of  the  axis.  This  ligament  supplies 
the  place  of  the  ligamenta  subflava,  and  is  in  relation,  behind,  with  the  Inferior 
oblique  muscles. 

The  Transverse  Ligament  ^  (Figs.  230,  231)  is  a  thick  and  strong  ligamentous 
band,  which  arches  across  the  ring  of  the  atlas,  and  serves  to  retain  the  odontoid 
process  in  firm  connection  with  its  anterior  arch.  This  ligament  is  flattened  from 
before  backward,  broader  and  thicker  in  the  middle  than  at  either  extremity,  and 

Wt  has  been  found  necessary  to  describe  the  transverse  ligament  with  those  of  the  atlas  and 
ills;  but  the  student  must  remember  that  it  is  really  a  portion  of  the  mechanism  by  which  the 
nwTeinentB  of  the  head  on  the  spine  are  regulated  ;  so  that  the  connections  between  the  atlas  and 
un»  ought  always  to  be  studied  together  with  those  between  the  latter  bones  and  the  skull. 
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firmly  attached  on  each  side  to  a  small  tubercle  on  the  inner  surface  of  the  lateral 
mass  of  the  atlas.  As  it  crosses  the  odontoid  process,  a  small  fasciculus  is  derived 
from  its  upper  and  lower  borders ;  the  former  passing  upward,  to  be  inserted  into 
the  basilar  process  of  the  occipital  bone  ;  the  latter,  downward,  to  be  attached  to 
the  posterior  surface  of  the  body  of  the  axis;  hence,  the  whole  ligament  has 
received  the  name  of  cruciform.  The  transverse  ligament  divides  the  ring  of  the 
atlas  into  two  unequal  parts :  of  these,  the  posterior  and  larger  serves  for  the 
transmission  of  the  cord  and  its  membranes  and  the  spinal  accessory  nerves; 
the  anterior  and  smaller  contains  the  odontoid  process.  8ince  the  space  between 
the  anterior  arch  of  the  atlas  and  the  transverse  ligament  is  smaller  at  the  lower 
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KlQ.  228.— Occlplto-Hllold  and  Htlo-aiold  ligaments.    Front  view. 

part  than  the  upper  (because  the  transverse  ligament  embraces  firmly  the  narrow 
neck  of  the  odontoid  process),  this  process  is  retained  in  firm  connection  with 
the  atlas  after  all  the  other  ligaments  have  been  divided. 

The  OapsularLigamentaare  two  thin  and  loose  capsules  connecting  the  articular 
processes  of  the  atlas  and  axis,  the  fibres  being  strongest  on  the  anterior  and 
external  part  of  the  articulation. 

There  are  four  Bruovial  Membranes  in  this  articulation',  one  lining  the  inner 
surface  of  each  of  the  capsular  ligaments  ;  one  between  the  anterior  surface  of  the 
odontoid  process  and  the  anterior  arch  of  the  atlas,  the  ath-odontoid  joint  ; 
and  one  between  the  posterior  surface  of  the  odontoid  process  and  the  transverse 
ligament,  the  it/nde»)»o-odontoid  Joint.  The  latter  often  communicates  with 
those  between  the  condyles  of  the  occipital  bone  and  the  articular  surfaces  of  the 
atlas. 

Actions. — This  joint  allows  the  rotation  of  the  atlas  (and,  with  it,  of  the  cra- 
nium) upon  the  axis,  the  e.ftent  of  rotation  being  limited  by  the  odontoid  liga- 
ments. 

The  principal  muscles  by  which  this  action  is  produced  are  the  Sterno-mastoid 
and  Complexiis  of  one  side,  acting  with  the  Rectus  capitis  anticus  major,  Splenius, 
Trachelo-mastoid,  Rectus  capitis  posticus  major,  and  Inferior  oblique  of  the  other 
side. 
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ABTIOULATIOHS  OF  THE  SPINE  WITH  THE  CBAHIirU. 
The  ligamenU  connecting  the  spine  with  the  cranium  may  be  divided  into  two 
seta — those  connecting  the  occipital  bone  with  the  atlas,  and  those  connecting  the 
occipital  bone  with  the  axis. 

m.  Artdcolatioit  of  tbe  Atlas  with  the  Occipital  Bone. 
This  articulation  is  a  double  condyloid  joint.     Its  ligaments  are  the 
Two  Anterior  Occipito-atlantal.  Two  Lateral  Occipito-atlantal. 

Posterior  Occipito-atlantal.  Two  Capsular. 

Of  the  Two  Anterior  Occipito-atlaatal  Ligaments  (Fig.  228),  the  superficial  is 
a  strong,  narrow,  rounded  cord,  attached,  above,  to   the  basilar  process  of  the 


Fic.  29,— Occlplto-atlold  and  atlo-axoid  Ugamente,    Fostertor  view. 

occiput ;  below,  to  the  tubercle  on  the  anterior  arch  of  the  atlas :  the  deeper  liga- 
ment is  a  broad  and  thin  membranous  layer  which  passes  between  the  anterior 
margin  of  the  foramen  magnum  above,  and  the  whole  length  of  the  upper  border 
of  the  anterior  arch  of  the  atlas  below.  This  ligament  is  in  relation,  in  front,  with 
the  Recti  antici  minores;  behind,  with  the  odontoid  ligaments. 

The  Posterior  Occipito-atiantal  Ligament  (Fig.  22^)  is  a  very  broad  but  thin 
membranous  lamina  intimately  blended  with  the  dura  mater.  It  is  connected, 
ibove,  to  the  posterior  margin  of  the  foramen  magnum;  below,  to  the  upper  border 
of  ihe  posterior  arch  of  the  atlas.  This  ligament  is  incomplete  at  each  side,  and 
forms,  with  the  superior  intervertebral  notch,  an  opening  for  the  passage  of  the 
vertebral  artery  and  suboccipital  nerve.  It  is  in  relation,  behind,  with  the  Recti 
pnstiei  minores  and  Obliriui  superiores :  in  front,  with  the  dura  mater  of  the  spinal 
canal,  to  which  it  is  intimately  adherent. 

The  Lateral  Ligaments  are  strong  fibrous  bands,  directed  obIi<|uely  upward 
and  inward,  attached  above  to  the  jugular  process  of  the  occipital  bone ;  below,  to 
ite  ba-se  of  the  transverse  process  of  the  atlas. 

The  Capsular  Ligaments  surround  the  condyles  of  the  occipital  bone,  and  con- 
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nect  them  with  the  articular  processes  of  the  atlas ;  they  consist  of  thin  and  loose 
capsules,  which  enclose  the  synovial  membrane  of  the  articulation. 

Synovial  Membranes. — There  are  two  synovial  membranes  in  this  articulation, 
one  lining  the  inner  surface  of  each  of  the  capsular  ligaments.  These  occasionally 
communicate  with  that  between  the  posterior  surface  of  the  odontoid  process  and 
the  transverse  ligament. 

Actions. — The  movements  permitted  in  this  joint  are  flexion  and  extension, 
which  give  rise  to  the  ordinary  forward  and  backward  nodding  of  the  head,  besides 


Fig.  230.~Articulation  between  odontoid  process  and  atlas. 

slight  lateral  motion  to  one  or  the  other  side.  When  either  of  these  actions  is 
carried  beyond  a  slight  extent,  the  whole  of  the  cervical  portion  of  the  spine  assists 
in  its  production.  Flexion  is  mainly  produced  by  the  action  of  the  Rectus  capitis 
anticus  major  et  minor  and  the  Sterno-mastoid  muscles ;  extension  by  the  Rectus 
capitis  posticus  major  et  minor,  the  Superior  oblique,  the  Complexus,  Splenius, 
and  upper  fibres  of  the  Trapezius.  The  Recti  laterales  are  concerned  in  the  lat- 
eral movement,  assisted  by  the  Trapezius,  Splenius,  Complexus,  Sterno-mastoid, 
and  the  Recti  laterales  of  the  same  side,  all  acting  together.  According  to  Cru- 
veilhier,  there  is  a  slight  motion  of  rotation  in  this  joint. 

IV.  Articulation  of  the  Axis  with  the  Occipital  Bone. 

Occipito-axial.  Three  Odontoid. 

To  expose  these  ligaments  the  spinal  canal  should  be  laid  open  by  removing 
the  posterior  arch  of  the  atlas,  the  laminae  and  spinous  process  of  the  axis,  and 
the  portion  of  the  occipital  bone  behind  the  foramen  magnum,  as  seen  in  Fig.  231. 

The  Occipito-axial  Ligament  {apparatus  ligamentosus  colli)  is  situated  within 
the  spinal  canal.  It  is  a  broad  and  strong  ligamentous  band,  which  covers  the 
odontoid  process  and  its  ligaments,  and  appears  to  be  a  prolongation  upward  of 
the  posterior  common  ligament  of  the  spine.  It  is  attached,  below,  to  the  posterior 
surface  of  the  body  of  the  axis,  and,  becoming  expanded  as  it  ascends,  is  inserted 
into  the  basilar  groove  of  the  occipital  bone,  in  front  of  the  foramen  magnum,  where 
it  becomes  blended  with  the  dura  mater  of  the  skull. 

Relations. — By  its  anterior  surface  with  the  transverse  ligament,  by  its  posterior 
surface  with  the  dura  mater. 

The  Odontoid  or  Oheck  Ligaments  {alar  ligaments)  are  strong,  rounded, 
fibrous  cords,  which  arise  one  on  either  side  of  the  upper  part  of  the  odontoid  process, 
and,  passing  obliquely  upward  and  outAvard,  are  inserted  into  the  rough  depres- 
sions on  the  inner  side  of  the  condyles  of  the  occipital  bone.  In  the  triangular 
interval  left  between  these  ligaments  and  the  margin  of  the  foramen  magnum 
a  strong  fibro-cartilaginous  cord  {ligamentum  suspensorium)  may  be  seen,  which 
passes  almost  perpendicularly  from  the  apex  of  the  odontoid  process  to  the  anterior 
margin  of  the  foramen,  being  intimately  blended  with  the  deep  portion  of  the 
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anterior  occipito-atloid  ligament  and  upper  fasciculus  of  the  transverse  ligament 
of  the  atlas. 

Actions. — The  odontoid  ligaments  serve  to  limit  the  extent  to  which  rotation 


Poslerior  view,  obWined  by  remOYing  the  »rclie«  of  the 

of  the  cranium  may  be  carried;  hence  they   have   received  the  name  of  check 
ligameHti. 

In  addition  to  these  ligaments,  which  connect  the  atlas  and  axis  to  the  skull, 
the  ligament  urn  nuchie  must  be  regarded  as  one  of  the  ligaments  by  which  the 
spine  is  connected  with  the  cranium.     It  is  described  on  a  subsequent  page. 

Surgical  Anatomy. — The  liirameDts  which  unite  the  component  parts  of  the  vertebrte 
tojtther  are  so  strong,  and  theae  bones  are  Bo  interlocked  by  the  arrangement  of  their 
tniculating  processes,  that  dislocation  is  very  uncommon,  and,  indeed,  unless  accompanied  by 
fracture,  rarely  occurs,  except  in  the  upper  part  of  the  neck.  Dislocation  of  the  occiput  from 
the  atlas  has  only  been  recorded  in  one  or  two  cases ;  but  dislocation  of  the  atlas  from  the  axis, 
•ith  rupture  of  the  transverse  ligament,  is  much  more  common :  it  is  the  mode  in  which 
death  is  produced  in  many  cases  of  execution  by  hanging'.  In  the  lower  part  of  the  neck — 
ibac  is,  below  the  third  cervical  vertebra — dislocation  unattended  by  fracture  occasionally  takes 

V.  Temporo-mazillary  Articulataon. 
This  is  a  double  or   bilateral  condyloid  joint:    the  parts   entering  into  its 
formation  oh  each  side  are,  above,  the  anterior  part  of  the  glenoid  cavity  of  the 
temporal  bone  and  the  eminentia  articularis ;  and,  below,  the  condyle  of  the  lower 
jaw,     Thejigaments  are  the  following : 

External  Lateral.  Stylo-maxillary. 

Internal  Lateral.  Capsular. 

Interarticular  Fibro-cartilage. 

The  External  Lateral  Ligametit  (Fig.  2S2)  is  a  short,  thin,  and  narrow 
Ctscicnlus,  attached,  above,  to  the  outer  surface  of  the  zygoma  and  to  the  rough 
tabercle  on  its  lower  border;  below,  to  the  outer  surface  and  posterior  border  of 
the  neck  of  the  lower  jaw.     It  is  broader  above  than  below ;  its  fibres  are  placed 
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parallel  with  one  another,  and  directed  obliquely  downward  and  backward.     Ex- 
ternallj,  it  is  covered  by  the  parotid  gland  and  by  the  integument.     Int«mally, 


Fig,  :M2.— Temporo-miilllary  artlcQiation.    Eilemal  rlew. 

it  is  in  relation  with  the  capsular  ligament,  of  which  it  is  an  accessory  band,  anil 

not  separable  from  it. 

The  Internal  I>at«ral  Ligament 
(Fig.  233)  is  a  specialized  band 
of  cervical  fascia  which  is  attached 
above  to  the  spinous  process  of  the 
sphenoid  bone,  and,  becoming 
broader  as  it  descends,  is  inserted 
into  the  lingula  and  margin  of  the 
dental  foramen.  Its  outer  surface 
is  in  relation,  above,  with  the  Ex- 
ternal pterygoid  muscle ;  lower 
down,  it  IS  separated  from  the 
neck  of  the  condyle  by  the  internal 
maxillary  artery ;  and  still  more 
inferiorly,  the  inferior  dental  ves- 
sels and  nerve  separate  it  from  the 
ramus  of  the  jaw.  The  inner  sur- 
face is  in  relation  with  the  Inter- 
nal pterygoid. 

The  Stylo-maxillary  Ijgament 
is  also  a  specialized  band  of  the 
cervical  fascia,  which  extends  from 

FlQ.  233.-Temporo-mnxlllary  anieulatlon.  liitKrnal  riev,-.  Dear  the  apex  of  the  Styloid  pro- 
cess of  the  temporal  bone  to  the 
an^le  and  posterior  border  of  the  ramus  of  the  lower  jaw,  between  the  Masseter 
and  Internal  pterygoid  muscles.  This  ligament  separates  the  parotid  from  the 
submaxillary  gland,  and  has  attached  to  its  inner  side  part  of  the  fibres  of  origin 
of  the  Stylo-glossHS  muscle.  Although  usually  cliis.sed  among  the  ligaments  of 
the  jaw,  it  can  only  be  considered  as  an  accessory  in  the  articulation. 
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Fio.  234.— Vertical  section  of  temporo-maxlllary  ar- 
ticulation. 


The  Oapsnlar  Ligament  forms  a  thin  and  loose  ligamentous  capsule,  attached 
above  to  the  circumference  of  the  glenoid  cavity  and  the  articular  surface  im- 
mediately in  front ;  below,  to  the  neck  of  the  condyle  of  the  lower  jaw.  It  consists 
of  a  few  thin  scattered  fibres,  and  can  hardly  be  considered  as  a  distinct  ligament; 
it  is  thickest  at  the  back  part  of  the  articulation.* 

The  Interarticular  Fibro-cartilage  (Fig.  234)  is  a  thin  plate  of  an  oval  form, 
placed  horizontally  between  the  condyle  of  the  jaw  and  the  glenoid  cavity.  Its 
upper  surface  is  concavo-convex  from 
before  backward,  and  a  little  convex 
trans vei*sely,  to  accommodate  itself 
to  the  form  of  the  glenoid  cavity. 
Its  under  surface,  where  it  is  in  con- 
tact with  the  condyle,  is  concave. 
Its  circumference  is  connected  to  the 
capsular  ligament,  and  in  front  to  the 
tendon  of  the  External  pterygoid 
muscle.  It  is  thicker  at  its  circum- 
ference, especially  behind,  than  at 
its  centre.  The  fibres  of  which  it  is 
composed  have  a  concentric  arrange- 
ment, more  apparent  at  the  circum- 
ference than  at  the  centre.  Its 
surfaces  are  smooth.  It  divides  the 
joint  into  two  cavities,  each  of  which  is  furnished  with  a  separate  synovial 
membrane. 

The  Synovial  Membranes,  two  in  number,  are  placed,  one  above,  and  the  other 
below,  the  fibro-cartilage.  The  upper  one,  the  larger  and  looser  of  the  two,  is 
continued  from  the  margin  of  the  cartilage  covering  the"  glenoid  cavity  and 
eminentia  articularis  on  to  the  upper  surface  of  the  fibro-cartilage.  The  lower  one 
passes  from  the  under  surface  of  the  fibro-cartilage  to  the  neck  of  the  condyle  of 
the  jaw,  being  prolonged  downward  a  little  farther  behind  than  in  front. 

The  nerves  of  this  joint  are  derived  from  the  auriculo- temporal  and  masseteric 
branches  of  the  inferior  maxillary.  The  arteries  are  derived  from  the  temporal 
branch  of  the  external  carotid. 

Actions. — The  movements  permitted  in  this  articulation  are  very  extensive. 
Thus,  the  jaw  may  be  depressed  or  elevated,  or  it  may  be  carried  forward  or 
backward  or  from  side  to  side.  It  is  by  the  alternation  of  these  movements, 
performed  in  succession,  that  a  kind  ofrotatory  motion  of  the  lower  jaw  upon  the 
upper  takes  place,  which  materially  assists  in  the  mastication  of  the  food. 

If  the  movement  of  depression  is  carried  only  to  a  slight  extent,  the  condyles 
remain  in  the  glenoid  cavities,  rotating  on  a  transverse  axis  against  the  inter- 
articular fibro-cartilage ;  but  if  the  depression  is  considerable,  the  condyles  glide 
from  the  glenoid  fossae  on  to  the  articular  eminences,  carrying  with  them  the 
interarticular  fibro-cartilages,  so  that  in  opening  the  mouth  widely  the  two  move- 
ments are  combined — L  e.  the  condyle  rotates  on  a  transverse  axis  against  the 
fibro-cartilage.  and  at  the  same  time  glides  forward,  carrying  the  fibro-cartilage 
with  it.  When  the  jaw  is  elevated  after  forced  depression,  the  condyles  and 
fibro-cartilages  return  to  their  original  position.  When  the  jaw  is  carried  hori- 
zontally forward  and  backward  or  from  side  to  side,  a  horizontal  gliding  move- 
ment of  the  fibro-cartilages  and  condyles  upon  the  glenoid  cavities  takes  i)lace  in 
the  corresponding  direction. 

The  lower  jaw  is  depressed  by  its  own  weight,  assisted  by  the  Platysma,  the 
Digastric,  the  Mylo-hyoid,  and  the  Genio-hyoid.  It  is  elevated  by  the  anterior 
part  of  the  Temporal,  Masseter,  and  Internal  pterygoid.     It  is  drawn  forward  by 

*  Sir  G.  Humphry  describes  the  internal  portion  of  the  capsular  ligament  separately,  as  the  short 
internal  lateral  ligament ;  and  it  certainly  seems  a.s  deserving  of  a  separate  description  as  the  external 
lateral  ligament  is. 
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the  simultaneous  action  of  the  External  pterygoid  and  the  superficial  fibres  of 
the  Masseter ;  and  it  is  drawn  backward  by  the  deep  fibres  of  the  Masseter  and 
the  posterior  fibres  of  the  Temporal  muscle.  The  grinding  movement  is  caused 
by  the  alternate  action  of  the  two  External  pterygoids. 

Surface  Form. — ^The  temporo-maxillary  articulation  is  quite  superficial,  situated  Ijelow  tlie 
base  of  the  zygoma,  in  iront  of  the  tragus  and  external  auditory  meatus,  and  behind  the  posterior 
border  of  the  upper  part  of  the  Masseter  muscle.  Its  exact  position  can  be  at  once  ascer- 
tained by  feeling  for  the  condyle  of  the  jaw,  the  working  of  which  can  be  distinctly  felt  in  the 
movements  of  tne  lower  jaw  either  vertically  or  from  side  to  side.  When  the  mouth  is  opened 
wide^  the  condyle  advances  out  of  the  glenoid  fossa  on  to  the  eminentia  articularis  and  a  depres- 
sion IS  felt  in  the  situation  of  the  joint. 

Surfi^cal  Anatomy. — ^The  lower  jaw  is  dislocated  only  in  one  direction — viz.  forward.  The 
accident  is  caused  by  violence  or  muscular  action.  When  the  mouth  is  open,  the  cond^'le  is 
situated  on  the  eminentia  articularis,  and  any  sudden  violence,  or  even  a  sudden  muscular  spasm, 
as  during  a  convulsive  yawn,  may  displace  the  condyle  forward  into  the  zygomatic  fossa.  The 
displacement  may  be  unilateral  or  bilateral,  according  as  one  or  both  of  the  condyles  are  dis- 
placed.   The  latter  of  the  two  is  the  more  common. 

Sir  Astley  Cooper  described  a  condition  which  he  termed  *' subluxation."  It  occurs 
principally  in  delicate  women,  and  is  believed  by  some  to  be  due  to  the  relaxation  of  the  liga- 
ments, permitting  too  free  movement  of  the  bone,  and  possibly  some  displacement  of  the  fibro- 
cartilage.  Others  have  believed  that  it  is  due  to  gouty  or  rheumatic  changes  in  the  joint.  In 
close  relation  to  the  condyle  of  the  jaw  is  the  external  auditory  meatus  and  the  tympanum ;  any 
force,  therefore,  applied  to  the  bone  is  liable  to  be  attended  with  damage  to  these  parts,  or 
inflammation  in  the  joint  may  extend  to  the  ear,  or  on  the  other  hand  inflammation  of  the  middle 
ear  may  involve  the  articulation  and  caase  its  destruction,  thus  leading  to  ankvlosis  of  the  joint 
In  children,  arthritis  of  this  joint  may  also  follow  the  exanthemata,  and  in  adults  occurs  as  the 
result  of  some  constitutional  conditions,  as  rheumatism  or  gout.  Tlie  tcmporo-maxillaiy  joint  is 
also  frequently  the  seat  of  osteo-arthritis,  leading  to  great  suflering  during  eflbrts  of  mastication. 
A  peculiar  affection  sometimes  attacks  the  neck  and  condyle  of  the  lower  jaw,  consisting  in 
hypertrophy  and  elongation  of  these  parts  and  consequent  protrusion  of  the  chin  to  the  opi>o- 
site  side. 

VI.   Articulations  of  the  Ribs  with  the  Vertebras. 

The  articulations  of  the  ribs  with  the  vertebral  column  may  be  divided  into 
two  sets :  1.  Those  which  connect  the  heads  of  the  ribs  with  the  bodies  of  the 
vertebrae.  2.  Those  which  connect  the  necks  and  tubercles  of  the  ribs  with  the 
transverse  processes. 

1.    Articulations  between  the  Heads  of  the  Ribs  and  the  Bodies 

OF   the   VERTEBRiE   (Fig.  235). 

These  constitute  a  series  of  arthrodial  joints,  formed  by  the  articulation  of  the 
heads  of  the  ribs  with  the  cavities  on  the  contiguous  margins  of  the  bodies  of  the 
dorsal  vertebrae,  connected  together  by  the  following  ligaments : 

Anterior  Cos  to-vertebral  or  Stellate. 
Capsular.  Interarticular. 

The  Anterior  Costo-vertebral  or  Stellate  Ligament  connects  the  anterior  part  of 
the  head  of  each  rib  with  the  sides  of  the  bodies  of  two  vertebrae  and  the  inter- 
vertebral disk  between  them.  It  consists  of  three  flat  bundles  of  ligamentous 
fibres,  which  radiate  from  the  anterior  part  of  the  head  of  the  rib.  The  superior 
fasciculus  passes  upward  to  be  connected  with  the  body  of  the  vertebra  above ; 
the  inferior  one  descends  to  the  body  of  the  vertebra  below ;  and  the  middle  one, 
the  smallest  and  least  distinct,  passes  horizontally  inward,  to  be  attached  to  the 
intervertebral  substance. 

Melations, — In  front,  with  the  thoracic  ganglia  of  the  sympathetic,  the  pleura, 
and,  on  the  right  side,  with  the  vena  azygos  major;  behind,  with  the  interarticular 
ligament  and  synovial  membranes. 

In  the  first  rib,  which  articulates  with  a  single  vertebra  only,  this  ligament 
does  not  present  a  distinct  division  into  three  fasciculi ;  its  fibres,  however,  radiate, 
and  are  attached  to  the  body  of  the  last  cervical  vertebra,  as  well  as  to  the  bodv  of 
the  vertebra  with  which  the  rib  articulates.  In  the  tenth,  eleventh,  and  twelfth 
ribs  also,  which  likewise  articulate  with  a  single  vertebra,  the  division  does  not 
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exist ;  but  the  fibres  of  the  ligament  in  eacb  case  radiate  and  are  coimected  with 
[he  vertebra  above,  as  well  as  that  with  which  the  ribs  articulate. 

The  CapsTilaT  LigEunent  is  a  thin  and  loose  ligamentous  bag,  which  surrounds 
the  joint  between  the  head  of  the  rib  and  the  articular  cavity  formed  by  the 
intervertebral  disk  and  the 
adjacent  vertebra.  It  is 
very  thin,  firmly  connected 
with  the  anterior  ligament, 
and  most  distinct  at  the 
upper  and  lower  parts  of 
the  articulation.  Behind. 
some  of  its  fibres  pass 
through  the  intervertebral 
foramen  to  the  back  of  the 
intervertebral  disk.  This 
is  the  analogue  of  the  liga- 
mentum  conjugate  of  some 
mammals,  which  unites  the 
heads  of  opposite  ribs  across 
the  back  of  the  interverte- 
bral disk. 

The  Interartlcular  Liga- 
ment is  situated  in  the 
interior  of  the  joint.  It 
consists  of  a  short  band  of 
fibres,  flattened  from  above 
downward,  attached  by  one 

„_, ;,_      ,„      ,!.„       'i Fio.  235.— CoaWi-verteb™!  Slid  eotlo-lraniverse  artieulatlona.    Aiile- 

extremily    to    tne     stiarp     riorview. 

crest  on  the   head  of  the 

rib,  and  by  the  other  to  the  intervertebral  disk.    It  divides  the  joint  into  two  cavities, 

which  have  no  communication  with  each  other.     In  the  first,  tenth,  eleventh,  and 

twelfth  ribs  the  interarticular  ligament  does  not  exist;  consequently,  there  ia  but 

one  synovial  membrane. 

TIm  Bynovl&l  Hembrane. — There  are  two  synovial  membranes  in  each  of  the 
articulations  in  which  there  is  an  interarticular  ligament,  one  on  each  aide  of  this 
structure. 

2.  Articulations  of  the  Necks  and  Tubercles  of  the  Ribs  with 

THE  Transverse  Processes  (Fig.  236). 
The  articular  portion  of  the  tubercle  of  the  rib  and  adjacent  transverse  process 
form  an  arthrodial  joint. 

In  the  eleventh  and  twelfth  ribs  this  articulation  is  wanting. 
The  ligaments  connecting  these  parts  are  the — 
Anterior  Costo-transverse. 
Middle  Costo-transverse  (Interosseous). 
Posterior  Costo-transverse. 

The  Anterior  Oosto -transverse  Ligament  (superior  or  loiiff)  consists  of  two  sets 
of  fibres:  the  one  is  attached  below  to  the  sharp  crest  on  the  upper  border  of  the 
neck  of  each  rib,  and  passing  obiinuely  upward  and  outward,  to  the  lower  border 
of  the  transverse  process  immediately  above;  the  other  is  attached  below  to  the 
neck  of  the  rib,  and  passes  upward  and  inward  to  the  base  of  (he  transverse  pro- 
cess and  border  of  the  lower  articular  process  of  the  vertebra  above.  This  liga- 
ment is  in  relation,  in  front,  with  the  intercostal  vessels  and  nerves;  behind,  with 
the  Longissimus  dorsi.  Its  internal  border  completes  an  aperture  formed  between 
it  and  the  articular  processes,  through  which  pass  the  posterior  branches  of  the 
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intercostal  vessels  and  nerves.  Its  external  border  is  continuous  with  a  thin 
aponeurosis  vrhich  covers  the  External  intercostal  muscle. 

The/r«(  rib  has  no  anterior  costo-tranaverse  ligament. 

The  Middle  Costo-transverse  or  Interosseous  Ligament  consists  of  short  but 
strong  fibres  which  paas  between  the  rough  surface  on  the  posterior  part  of  the 
neck  of  each  rih  and  the  anterior  surface  of  the  adjacent  transverse  process.     In 


FiQ.  236.— CtKlo-traMveree  Bitlculation.   Seen  tf 


order  fully  to  expose  this  ligament,  a  horizontal  section  should  be  made  across  the 
transverse  process  and  corresponding  part  of  the  rib ;  or  the  rib  mav  be  forcibly 
separated  from  the  transverse  process  and  its  fibres  put  on  the  stretch. 

In  the  eleventh  and  twelfth  ribs  this  ligament  is  quite  rudimentary  or 
wanting. 

The  Posterior  Ooato-transverae  Iiigament  is  a  short  but  thick  and  strong  fascic- 
ulus which  passes  obliquely  from  the  summit  of  the  transverse  process  to  the 
rough  non-articular  portion  of  the  tubercle  of  the  rib.  This  ligament  is  shorter 
and  more  oblique  in  the  upper  than  in  the  lower  ribs.  Those  corresponding  to 
the  superior  ribs  ascend,  while  those  of  the  inferior  ribs  descend  slightly. 

In  the  eleventh  and  twelfth  ribs  this  ligament  is  wanting. 

The  Oapanlar  LlK^uient  is  a  thin,  membranous  sac  attached  to  the  circumference 
of  the  articular  surfaces,  and  enclosing  a  small  synovial  membrane. 

In  the  eleventh  and  twelfth  ribs  this  ligament  is  absent. 

Actions. — The  heads  of  the  ribs  are  so  closely  connected  to  the  bodies  of  the  verte- 
brse  by  the  stellate  and  interarticular  ligaments,  and  the  necks  and  tubercles  of  the 
ribs  to  the  transverse  processes,  thatonly  a  slight  gliding  movement  of  the  articular 
surfaces  on  each  other  can  take  place  in  these  articulations.  The  result  of  this 
gliding  movement  is  an  elevation  of  the  front  and  middle  portion  of  the  rib,  the 
hinder  part  being  prevented  from  performing  any  upward  movement  by  its  close 
connection  with  the  spine.  In  this  gliding  movement  there  are  two  axes  of  rotation — 
that  is  to  say,  the  rib  rotates  on  an  axis  corresponding  with  a  line  drawn  through 
the  two  articulations,  Cos  to- vertebral  and  Costo- trans  verse,  which  the  rib  forms 
with  the  spine ;  and,  secondly,  it  rotates  on  an  axis  corresponding  with  a  line  drawn 
from  the  liead  of  the  rib  to  the  sternum.  By  the  first  movement — that  of  rotation 
of  the  rib  on  an  axis  corresponding  with  a  line  drawn  through  the  two  articulations 
which  this  bone  forms  with  the  spine — an  elevation  of  the  anterior  part  of  tbe 
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rib  takes  place,  and  a  consequent  enlargement  of  the  antero-posterior  diameter  of 
the  chest.  None  of  the  ribs  lie  in 
a  truly  horizontal  plane ;  they  are 
all  directed  more  or  less  obliquely, 
80  that  their  anterior  extremities 
lie  on  a  lower  level  than  their  pos- 
terior, and  this  obliquity  increases 
from  the  first  to  the  seventh,  and 
then  again  decreases.  If  we  ex- 
amine any  one  rib — say,  that  in 
which  there  is  the  greatest  obliq- 
uity— we  shall  see  that  it  is  ob- 
vious that  as  its  sternal  extremity 
is  carried  upward,  it  must  also  be 
thrown  forward;  so  that  the  rib 
may  be  regarded  as  a  radius  nlov- 
ing  on  the  vertebral  joint  as  a  cen- 
tre, and  causing  the  sternal  attach- 
ment to  describe  an  arc  of  a  circle 
in  the  vertical  plane  of  the  body. 
Since  all  the  ribs  are  oblique  and 
connected  in  front  to  the  sternum 
by  the  elastic  costal  cartilages,  they 
must  have  a  tenden.cy  to  thrust  the 
sternum  forward,  and  so  increase 
the  antero-posterior  diameter  of 
the  chest-  By  the  second  move- 
ment— that  of  the  rotation  of  the 
rib  on  an  axis  corresponding  with 
a  line  drawn  from  the  head  of  the 
rib  to  the  sternum — an  elevation 
of  the  mniddle  portion  of  the  rib 
takes  place,  and  consequently  an 
increase  in  the  transverse  diameter 
of  the  clest.  For  the  ribs  not  onl  v 
slant  downward  and  forward  from 
their  vertebral  attachment,  but 
they  are  also  oblique  in  relation  to 

their  transverse  plane — that  is  to  say,  their  middle  is  on  a  lower  level  than  either 
their  vertebral  or  sternal  extremities.  It  results  from  this  that  when  the  ribs  are 
raised  the  centre  portion  is  thrust  outward,  somewhat  after  the  fashion  in 
which  the  handle  of  a  bucket  is  thrust  away  from  the  side  when  raised  to 
a  horizontal  position,  and  the  lateral  diameter  of  the  chest  is  increased  (see 
Fig.  237).  The  mobility  of  the  different  ribs  varies  very  much.  The  first  rib  is 
more  fixed  than  the  others,  on  account  of  the  weight  of  the  upper  extremity 
and  the  strain  of  the  ribs  beneath ;  but  on  the  freshly  dissected  thorax  it  moves  as 
freely  as  the  others.  From  the  same  causes  the  movement  of  the  second  rib  is 
also  not  very  extensive.  In  the  other  ribs  this  mobility  increases  successively 
down  to  the  last  two,  which  are  very  movable.  The  ribs  are  generally  more 
movable  in  the  female  than  in  the  male. 

Vn.  Articulation  of  the  Cartilages  of  the  Ribs  with  the  Sternum, 

etc.  (Fig.  238). 

The  articulations  of  the  cartilages  of  the  true  ribs  with  the  sternum  are  arthro- 
dial  joints,  with  the  exception  of  the  first,  in  which  the  cartilage  is  almost  always 
directly  united  with  the  sternum,  and  which  must  therefore  be  regarded  as  a 
Bvnarthrodial  articulation.     The  ligaments  connecting  them  are — 


Fig.  237.— Diajn^ms  showiii}?  the  axis  of  rotation  of  the 
ribs  in  the  movements  of  respiration.  The  one  axis  of  rota- 
tion corresponds  with  a  line  drawn  through  the  two  articu- 
lations which  the  rib  forms  with  the  spine  (a,  b),  and  the 
other  with  a  line  drawn  Arom  the  head  of  the  rib  to  the 
sternum  (a,  b).    (From  Kirlce's  Handbook  qf  Physiology.) 
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Anterior  Chondro-sternal.  Interarticular  Chondro-sternal. 

Posterior  Chondro-sternal.  Anterior  Chondro-xiphoid. 

Capsular.  Posterior  Chondro-xiphoid. 

The  Anterior  Ohondro-stemal  Ligament  is  a  broad  and  thin  membranous  band 
that  radiates  from  the  front  of  the  inner  extremity  of  the  cartilages  of  the  true 
ribs  to  the  anterior  surface  of  the  sternum.  It  is  composed  of  fasciculi  which  pass 
in  different  directions.  The  superior  fasciculi  ascend  obliquely,  the  inferior  pass 
obliquely  downward,  and  the  middle  fasciculi  horizontally.  The  superficial  fibres 
of  this  ligament  are  the  longest :  they  intermingle  with  the  fibres  of  the  ligaments 
above  and  below  them,  with  those  of  the  opposite  side,  and  with  the  tendinous 
fibres  of  origin  of  the  Pectoralis  major,  forming  a  thick  fibrous  membrane  which 
covers  the  surface  of  the  sternum.  This  is  more  distinct  at  the  lower  than  at  the 
upper  part. 

The  Posterior  Ohondro-stemal  Ligament,  less  thick  and  distinct  than  the 
anterior,  is  composed  of  fibres  which  radiate  from  the  posterior  surface  of  the 
sternal  end  of  the  cartilages  of  the  true  ribs  to  the  posterior  surface  of  the  sternum, 
becoming  blended  with  the  periosteum. 

The  Capsular  Ligament  surrounds  the  joints  formed  between  the  cartilages 
of  the  true  ribs  and  the  sternum.  It  is  very  thin,  intimately  blended  with  the 
anterior  and  posterior  ligaments,  and  strengthened  at  the  upper  and  lower  part  of 
the  articulation  by  a  few  fibres  which  pass  from  the  cartilage  to  the  side  of  the 
sternum.     These  ligaments  protect  the  synovial  membranes. 

The  Interarticular  Chondro-sternal  Ligaments. — These  are  only  found  between 
the  second  and  third  costal  cartilages  and  the  sternum.  The  cartilage  of  the 
second  rib  is  connected  with  the  sternum  by  means  of  an  interarticular  ligament 
attached  by  one  extremity  to  the  cartilage  of  the  second  rib,  and  by  the  other 
extremity  to  the  cartilage  which  unites  the  first  and  second  pieces  of  the  sternum. 
This  articulation  is  provided  with  two  synovial  membranes.  The  cartilage  of  the 
third  rib  is  connected  with  the  sternum  by  means  of  an  interarticular  ligament 
which  is  attached  by  one  extremity  to  the  cartilage  of  the  third  rib,  and  by  the 
other  extremity  to  the  point  of  junction  of  the  second  and  third  pieces  of  the 
sternum.     This  articulation  is  provided  with  two  synovial  membranes. 

The  Anterior  Ohondro-ziphoid. — This  is  a  band  of  ligamentous  fibres  which 
connects  the  anterior  surface  of  the  seventh  costal  cartilage,  and  occasionally  also 
that  of  the  sixth,  to  the  anterior  surface  of  the  ensiform  appendix.  It  varies  in 
length  and  breadth  in  different  subjects. 

The  Posterior  Ohondro-xiphoid  is  a  similar  band  of  fibres  on  the  internal  or 
posterior  surface,  though  less  thick  and  distinct. 

Synovial  Membranes. — There  is  no  synovial  membrane  between  the  first  costal 
cartilage  and  the  sternum,  as  this  cartilage  is  directly  continuous  with  the  sternum. 
There  are  two  synovial  membranes,  both  in  the  articulation  of  the  second  and  third 
costal  cartilages  to  the  sternum.  There  is  generally  one  synovial  membrane  in  each 
of  the  joints  between  the  fourth,  fifth,  sixth,  and  seventh  costal  cartilages  to  the 
sternum;  but  it  is  sometimes  absent  in  the  sixth  and  seventh  chondro-sternal 
joints.  Thus  there  are  eight  synovial  cavities  on  each  side  in  the  articulations 
between  the  costal  cartilages  of  the  true  ribs  and  the  sternum.  After  middle  life 
the  articular  surfaces  lose  their  polish,  become  roughened,  and  the  synovial 
membranes  appear  to  be  wanting.  In  old  age  the  articulations  do  not  exist,  the 
cartilages  of  most  of  the  ribs  becoming  continuous  with  the  sternum. 

AcUons. — The  movements  which  are  permitted  in  the  chondro-sternal  articu- 
lations are  limited  to  elevation  and  depression,  and  these  only  to  a  slight  extent. 

Articulations  of  the  Cartilages  of  the  Ribs  with  each  other 

(Interchondral)  (Fig.  238). 

The  contiguous  borders  of  the  sixth,  seventh,  and  eighth,  and  sometimes  the 
ninth  and  tenth,  costal  cartilages  articulate  with  each  other  by  small,  smooth. 


OF    THE  RIBS    WITH    THEIR    CARTILAGES. 


337 


oblong-shaped  facets.  Each  articulation  is  enclosed  in  a  thin  capsular  ligament 
lined  by  isynovial  membrane,  and  strengthened  externally  and  internally  by  liga- 
mentous fibres  (interchondral  ligaments)  which  pass  from  one  cartilage  to  the 
other.  Sometimes  the  fifth  coslal  cartilage,  more  rarely  that  of  the  ninth,  articu- 
lates, by  its  lower  border,  with  the  adjoining  cartilage  by  a  small  oval  facet ;  more 


frwjueDtly  they  are  connected  together  by  a  few  ligamentous  fibres.     Occasionally 
ihe  articular  surfaces  above  mentioned  are  wanting. 


Articolations  of  the  Ribs  with  their  Cartilages  (Costo-chondral) 

(Fig.  238). 

The  outer  extremity  of  each  costal  cartilage  is  received  into  a  depression  in  the 
sternal  end  of  the  ribs,  and  the  two  are  held  tiigether  by  the  periosteum. 
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VIII.  Ligaments  of  the  Sternum. 

The  first  piece  of  the  sternum  is  united  to  the  second  either  by  an  amphi- 
arthrodial  joint — a  single  piece  of  true  fibro-cartilage  uniting  the  segments — or 
by  a  diarthrodial  joint,  in  which  each  bone  is  clothed  with  a  distinct  lamina  of 
cartilage,  adherent  on  one  side,  free  and  lined  with  synovial  membrane  on  the 
other.  In  the  latter  case  the  cartilage  covering  the  gladiolus  is  continued  without 
interruption  on  to  the  cartilages  of  the  second  ribs.  Mr.  Rivington  has  found  the 
diarthrodial  form  of  joint  in  about  one-third  of  the  specimens  examined  by  him ; 
Mr.  Maisonneuve  more  frequently.  It  appears  to  be  rare  in  childhood,  and  is 
formed,  in  Mr.  Rivington's  opinion,  from  the  amphiarthrodial  form  by  absorption. 
The  diarthrodial  joint  seems  to  have  no  tendency  to  ossify  at  any  age,  while  the 
amphiarthrodial  is  more  liable  to  do  so,  and  has  been  found  ossified  as  early  as 
thirty-four  years  of  age.     The  two  segments  are  further  connected  by  an 

Anterior  Intersternal  Ligament  and  a 
Posterior  Intersternal  Ligament. 

The  Anterior  Intersternal  Ligament  consists  of  a  layer  of  fibres,  having  a 
longitudinal  direction ;  it  blends  with  the  fibres  of  the  anterior  chondro-sternal 
ligaments  on  both  sides,  and  with  the  tendinous  fibres  of  origin  of  the  Pectoralis 
major.     This  ligament  is  rough,  irregular,  and  much  thicker  below  than  above. 

The  Posterior  Intersternal  Ligament  is  disposed  in  a  somewhat  similar 
manner  on  the  posterior  surface  of  the  articulation. 

IX.  Articulation  of  the  Pelvis  with  the  Spine. 

The  ligaments  connecting  the  last  lumbar  vertebra  with  the  sacrum  are  similar 
to  those  which  connect  the  segments  of  the  spine  with  each  other — viz :  1.  The 
continuation  downward  of  the  anterior  and  posterior  common  ligaments.  2.  The 
intervertebral  substance  connecting  the  flattened  oval  surfaces  of  the  two  bones 
and  forming  an  amphiarthrodial  joint.  3.  Ligamenta  subflava,  connecting  the 
arch  of  the  last  lumbar  vertebra  with  the  posterior  border  of  the  sacral  canal. 
4.  Capsular  ligaments  connecting  the  articulating  processes  and  forming  a  double 
arthrodia.    5.  Inter-  and  supraspinous  ligaments. 

The  two  proper  ligaments  connecting  the  pelvis  with  the  spine  are  the  lumbo- 
sacral and  ilio-lumbar. 

The  Lumbo-sacral  Ligament  (Fig.  239)  is  a  short,  thick,  triangular  fasciculus, 
which  is  connected  above  to  the  lower  and  front  part  of  the  transverse  process 
of  the  last  lumbar  vertebra,  passes  obliquely  outward,  and  is  attached  below^  to 
the  lateral  surface  of  the  base  of  the  sacrum,  becoming  blended  with  the  anterior 
sacro-iliac  ligament.  This  ligament  is  in  relation,  in  front,  with  the  Psoas 
muscle. 

The  nio-lumbar  Ligament  (Fig.  239)  passes  horizontally  outward  from  the 
apex  of  the  transverse  process  of  the  last  lumbar  vertebra  to  the  crest  of  the  ilium 
immediately  in  front  of  the  sacro-iliac  articulation.  It  is  of  a  triangular  form, 
thick  and  narrow  internally,  broad  and  thinner  externally.  It  is  in  relation,  in 
front,  with  the  Psoas  muscle ;  behind,  with  the  muscles  occupying  the  vertebral 
groove ;  above,  with  the  Quadratus  lumborum. 

Z.  Articulations  of  the  Pelvis. 

The  ligaments  connecting  the  bones  of  the  pelvis  with  each  other  may  be 
divided  into  four  groups :  1.  Those  connecting  the  sacrum  and  ilium.  2.  Those 
passing  between  the  sacrum  and  ischium.  3.  Those  connecting  the  sacrum  and 
coccyx.     4.  Those  between  the  two  pubic  bones. 

1.    Articulations  of  the  Sacrum  and  Ilium. 

The  sacro-iliac  articulation  is  an  amphiarthrodial  joint  formed  between  the 
lateral  surfaces  of  the  sacrum  and  ilium.     The  anterior  or  auricular  portion  of 
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each  articular  surface  is  covered  with  a  thin  plate  of  cartilage,  thicker  on  the 
sacrum  than  on  the  ilium.  The  surfaces  of  these  cartilages  in  the  adult  are  rough 
and  irregular,  and  separated  from  one  another  by  a  soft,  yeilow,  pulpy  substance. 
At  an  early  period  of  life,  occasionally  in  the  adult,  and  in  the  female  during 
pregnancy,  ihey  are  smooth  and  lined  by  a  delicate  synovial  membrane.  The 
ligaments  connecting  these  surfaces  are  the  anterior  and  posterior  sacro-iliac. 

The   Anterior   Sacro-Uiac   Ligament   (Fig.    239)   consists   of   numerous   thin 
ligamentous  bands  which  connect  the  anterior  surfaces  of  the  sacrum  and  ilium. 


of  pelvliand  hip.    Anterior  view. 

The  Posterior  Sacro-iliac  (Fig.  240)  is  a  strong  interosseous  ligament,  situated 
in  a  deep  depression  between  the  sacrum  and  ilium  behind,  and  forming  the  chief 
bond  of  connection  between  those  bones.  It  consists  of  numerous  strong  fasciculi 
which  pass  between  the  bones  in  various  directions.  Three  of  these  are  of  large 
size :  the  two  superior,  nearly  horizonial  in  direction,  arise  from  the  first  and 
second  transverse  tubercles  on  the  posterior  surface  of  the  sacrum,  and  are  inserted 
into  the  rough,  uneven  surface  at  the  posterior  part  of  the  inner  surface  of  the 
ilium.  The  third  fasciculus,  oblique  in  direction,  is  attached  by  one  extremity  to 
the  third  transverse  tubercle  on  the  posterior  surface  of  the  sacrum,  and  by  the 
other  to  the  posterior  superior  spine  of  the  ilium;  it  is  sometimes  called  the 
oblique  tacro-iliac  ligament. 

The  position  of  the  sacro-iliac  joint  is  indicated  by  the  posterior  superior  E|iiiie  of  tlio  iliuui. 
This  process  is  immediately  behind  the  centre  of  the  articulation. 

2.  Ligaments  passing  between  the  Sacrum  axd  Ischium  (Fig.  240). 

The  Great  Sacro-sciatic  (Posterior). 

The  Lesser  Sacro-sciatic  (Anterior). 

The  Oreat  or  Posterior  Sacro-sciatic  Ligament  is  situated  at  the  lower  and 

back  part  of  the  pelvis.     It  is  thin,  flat,  and  triangular  in  form;  narrower  in  the 


340  THE  ARTICULATIONS 

middle  than  at  the  extremitiea ;  attache<l  by  its  broad  base  to  the  posterior  inferior 
spine  of  the  ilium,  to  the  fourth  and  fifth  transverse  tubercles  of  the  sacrum,  asd 
to  the  lower  part  of  the  lateral  margin  of  that  bone  and  the  coccyx.  Passing 
obliquely  downward,  outward,  and  forward,  it  becomes  narrow  and  thick,  and 
at  its  insertion  into  the  inner  margin  of  the  tuberosity  of  the  ischium  it  increases 
in  breadth,  and  is  prolonged  forward  along  the  inner  margin  of  the  ramus,  forming 
what  is  known  aa  the  falciform  Ugam>:nt.  The  free  concave  edge  of  this  prolonga- 
tion has  attached  to  it  the  obturator  fascia,  with  which  it  forms  a  kind  of  groove, 
protecting  the  internal  pudic  vessels  and  nerve.  One  of  its  surfaces  is  turned 
toward  the  perinseum,  tie  other  toward  the  Obturator  internus  muscle. 

The  posterior  surface  of  this  ligament  gives  origin,  by  its  whole  extent,  to  fibres 
of  the  Gluteus  maximus.     Its  anterior  surface   is  united  to  the  lesser  sacro-sciatic 


Fia.  240.— ArticulnliODs  at  pelvis  Hnd  hip.    Tusterior  view. 

ligament.  Its  external  border  forms,  above,  the  posterior  boundary  of  the  great 
sacro-sciatic  foramen,  and,  below,  the  lower  boundary  of  the  lesser  sacro-sciatic 
foramen.  Its  lower  border  forms  part  of  the  boundary  of  the  perinieum.  It  is 
pierced  by  the  coccygeal  branch  of  the  sciatic  artery  and  coccygeal  nerve. 

The  Iiflsser  or  Anteriot  Sacro-sciatic  Ligament,  much  shorter  and  smaller 
than  the  preceding,  is  thin,  triangular  in  form,  attached  by  its  apex  to  the  spine 
of  the  ischium,  and  internally,  by  its  broad  base,  to  ihe  lateral  margin  of  the 
sacrum  and  coccyx,  anterior  to  the  attachment  of  the  great  sacro-sciatic  ligament, 
with  which  its  fibres  are  intermingled. 

It  is  in  relation,  anterior!)/,  with  the  Coccygeus  muscle ;  posteriorly,  it  is  covered 
by  the  great  sacro-sciatic  ligament  and  crossed  by  the  internal  pudic  vessels  and 
nerve.  Its  superior  border  forms  the  lower  boundary  of  the  great  sacro-sciatic 
foramen ;  its  inferior  border,  part  of  the  lesser  sacro-sciatic  foramen. 

Thrae  two  ligaments  convert  the  sacro-ficiatic  notches  into  foramina.  The 
superior  or  great  sacro-aciatic  foramen  is  bounded,  in  front  and  above,  bj'  the 
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posterior  border  of  the  os  innominatum ;  behind,  by  the  great  sacro-sciatic  ligament ; 
and  below,  by  the  lesser  sacro-sciatic  ligament.  It  is  partially  filled  up,  in  the 
recent  state,  by  the  Pyriformis  muscle,  which  passes  through  it.  Above  this  muscle 
the  gluteal  vessels  and  superior  gluteal  nerve  emerge  from  the  pelvis,  and,  below 
it,  the  sciatic  vessels  and  nerves,  the  internal  pudic  vessels  and  nerve,  and  muscular 
branches  from  the  sacral  plexus.  The  inferior  or  lesser  sacro-sciatic  foramen  is 
bounded,  in  front,  by  the  tuber  ischii ;  above,  by  the  spine  and  lesser  sacro-sciatic 
ligament;  behind,  by  the  greater  sacro-sciatic  ligament.  It  transmits  the  tendon 
of  the  Obturator  internus  muscle,  its  nerve,  and  the  internal  pudic  vessels  and 
nerve. 

3.  Articulation  of  the  Sacrum  and  Coccyx. 

This  articulation  is  an  amphiarthrodial  joint,  formed  between  the  oval  surface 
at  the  apex  of  the  sacrum  and  the  base  of  the  coccyx.  It  is  analogous  to  the 
joints  between  the  bodies  of  the  vertebrae,  and  is  connected  by  similar  ligaments. 
They  are  the 

Anterior  Sacro-coccygeal.  Lateral  Sacro-coccygeal. 

Posterior  Sacro-coccygeal.  Interposed  Fibro-cartilage. 

The  Anterior  Sacro-coccygeal  Ligament  consists  of  a  few  irregular  fibres 
which  descend  from  the  anterior  surface  of  the  sacrum  to  the  front  of  the  coccyx, 
becoming  blended  with  the  periosteum. 

The  Posterior  Sacro-coccygeal  Ligament  is  a  flat  band  of  ligamentous  fibres, 
of  a  pearly  tint,  which  arises  from  the  margin  of  the  lower  orifice  of  the  sacral 
canal  and  descends  to  be  inserted  into  the  posterior  surface  of  the  coccyx.  This 
ligament  completes  the  lower  and  back  part  of  the  sacral  canal.  Its  superficial 
fibres  are  much  longer  than  the  more  deeply  seated.  This  ligament  is  in  relation, 
behind,  with  the  Gluteus  maximus. 

The  Lateral  Sacro-coccygeal  Ligaments  are  ligamentous  bands  which  pass 
from  the  cornua  of  the  last  sacral  vertebra  to  the  cornua  of  the  first  piece  of  the 
coccyx. 

A  Fibro-cartilage  is  interposed  between  the  contiguous  surfaces  of  the  sacrum 
and  coccyx ;  it  differs  from  that  interposed  between  the  bodies  of  the  vertebrge  in 
being  thinner  and  its  central  part  firmer  in  texture.  It  is  somewhat  thicker  in 
front  and  behind  than  at  the  sides.  Occasionally,  a  synovial  membrane  is  found 
when  the  coccyx  is  freely  movable,  which  is  more  especially  the  case  during 
pregnancy. 

The  different  segments  of  the  coccyx  are  connected  together  by  an  extension 
downward  of  the  anterior  and  posterior  sacro-coccygeal  ligaments,  a  thin  annular 
disk  of  fibro-cartilage  being  interposed  between  each  of  the  bones.  In  the  adult 
male  all  the  pieces  become  ossified,  but  in  the  female  this  does  not  commonly 
occur  until  a  later  period  of  life.  The  separate  segments  of  the  coccyx  are  first 
united,  and  at  a  more  advanced  age  the  joint  between  the  sacrum  and  coccyx  is 
obliterated. 

Actions. — The  movements  which  take  place  between  the  sacrum  and  coccyx, 
and  between  the  different  pieces  of  the  latter  bone,  are  slightly  forward  and 
backward ;  they  are  very  limited.     Their  extent  increases  during  pregnancy. 

4.  Articulation  of  the  Ossa  Pubis  (Fig.  241). 

The  articulation  between  the  pubic  bones  is  an  amphiarthrodial  joint,  formed 
by  the  junction  of  the  two  oval  articular  surfaces  of  the  ossa  pubis.  The  articular 
surface  has  been  described  on  a  former  page  under  the  name  of  symphysis^  and  the 
same  name  is  given  to  the  joint.     The  ligaments  of  this  articulation  are  the 

Anterior  Pubic.  Posterior  Pubic. 

Superior  Pubic.  Subpubic. 

Interpubic  disk. 
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The  Anterior  Pubic  Ligament  consists  of  several  superimposetl  layers  which 
pass  across  the  front  of  the  articulation.     The  superficial  fibres  pass  obliquely 
from  one  bone  to  the  other,  decussating 
Hyalim  cartilage  cDcmnp  toiu.  and  forming  uQ  interlacement  with  the 

ji  fibres  of  the  aponeurosis  of  the  Ex- 

ternal oblique  and  the  tendon  of  the 
f^"''* '  Kectus  muscles.     The  deep  fibres  pass 

transversely  across  the  symphysis,  and 
are  blended  with  the  fibro-cartilage. 

The  Posterior  Pubic  Ligament  con- 
sists of  a  few  thin,  scattered  fibres 
which  unite  the  two  pubic  bones  pos- 
teriorly. 

The  Superior  Pubic  Ligament  is  a 
band  of  fibres  which  connects  together 
the  two  pubic  bones  superiorly. 

The  Subpubic  Ligament  is  a  thick, 

triangular  arch  of  ligamentous  fibres, 

connecting   together    the    two   pubic 

e  srmphj-si8  pubis,     '•ones   below  and  forming  the  upper 

boundary  of  the  pubic  arch.     Above, 

it   is  blended  with  the  interarticular 

fibro-cartilage;  laterally  it  is  united  with  the  rami  of  the  os  pubis.     Its  fibres  are 

closely  connected  and  have  an  arched  direction. 

The  Interpubic  Disk  consists  of  a  disk  of  cartilage  and  fibro-cartilage  con- 
necting the  surfaces  of  the  pubic  hones  in  front.  Each  pubic  symphysis  is  covered 
by  a  thin  layer  of  hyaline  cartilage  which  is  firmly  connected  to  the  bone  by 
a  series  of  nipple-like  processes  which  accurately  (it  within  corresponding  depres- 
sions on  the  osseous  surfaces.  These  opposed  cartilaginous  surfaces  are  connected 
together  bv  an  intermediate  stratum  of  fibrous  tissue  and  fibro-cartilage  which 
varies  in  thickness  in  different  subjects.  It  often  contains  a  cavity  in  its  centre, 
probably  formed  by  the  softening  and  absorption  of  the  fibro-cartilage,  since  it 
rarely  appears  before  the  tenth  year  of  life,  and  is  not  lined  by  synovial  membrane- 
It  is  larger  in  the  female  than  in  the  male,  hut  it  is  very  questionable  whether  it 
enlarges,  as  was  formerly  supposed,  during  pregnancy.  It  is  most  frequently 
limited  to  the  upper  and  back  part  of  the  joint,  but  it  occasionally  reaches  to  the 
front,  and  may  extend  the  entire  length  of  the  cartilage.  This  cavity  may  be 
easily  demonstrated  by  making  a  vertical  section  of  the  symphysis  pubis  near  its 
posterior  surface, 

The  Obturator  Ligament  is  more  properly  regarded  as  analogous  to  the 
muscular  fasciee,  with  which  it  will  be  described. 

ARTIOULATIONS  OF  THE  UPPER  EXTREMITY. 

The  articulations  of  the  upper  extremity  may  be  arranged  in  the  following 

f roups:  I.  Sterno-clavicular  articulation.  II.  Acromio-clavicular  articulation. 
II.  Ligaments  of  the  Scapula.  IV.  Shoulder-joint.  V.  Elbow-joint.  VI. 
Radio-ulnar  articulations.  VII.  Wrist-joint.  VIII.  Articulationsof  the  Carpal 
Bones.  IX.  Carpo-metacarpal  articulations.  X.  Metocarpo-phalangeal  articula- 
tions.    XI.  Articulations  of  the  Phalanges. 

I.  Sterno-claviciilaT  Articulation  (Fig.  242). 
The  Stemo-claTicnlar  is  regarded  by  most  anatomists  as  an  arthrodial  joint, 
but  Cruveilhier  considers  it  to  be  an  articulation  by  reciprocal  reception.  Probably 
the  former  opinion  is  the  correct  one,  the  varied  movement  which  the  joint 
enjoys  being  due  to  the  interposition  of  an  interarticular  fibro-cartilage  between 
the  joint  surfaces.     The  parts  entering  into  its  formation  are  the  sternal  end  of  the 
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clavicle,  the  upper  and  lateral  part  of  tke  first  piece  of  the  steroum,  and  the 
cartilage  of  the  first  rib.     The  articular  surface  of  the  clavicle  iaiDuch  larger  than 


Fia.  242.— SleroiJ-olavloular  articulation.    Anterior  view, 

that  of  the  sternum,  and  invested  with  a  layer  of  cartilage  '  which  is  considerably 
thicker  than  that  on  the  latter  bone.     The  ligaments  of  this  Joint  are  the 

Anterior  Sterno-clavicular.  Interclavicular. 

Posterior  Sterao-clavicular.  Costo-clavicular  (rhomboid). 

Interarticular  Fibro-cartilage. 

The  Anterior  Btemo-clavlcttlat  Ligament  is  a  broad  band  of  fibres  which 
covers  the  anterior  surface  of  the  articulation,  being  attached,  above,  to  the  upper 
and  front  part  of  the  inner  extremity  of  the  clavicle,  and,  passing  obliquely 
downward  and  inward,  is  attached,  below,  to  the  upper  and  front  part  of  the  first 
piece  of  the  sternum.  This  ligament  is  covered,  in  front,  by  the  sternal  portion  of 
the  Stemo-cleido-niastoid  and  the  integument;  behind,  it  is  in  relation  with  the 
interarticular  fibro-cartilage  and  the  two  synovial  membranes. 

The  Posterior  Btemo-claTicnlar  LiKament  is  a  similar  band  of  fibres  which 
covers  the  posterior  surface  of  the  articulation,  being  attached,  above,  to  the  upper 
lud  back  part  of  the  inner  extremity  of  the  clavicle,  and,  passing  obliquely 
downward  and  inward,  is  attached,  below,  to  the  upper  and  back  part  of  the  first 
piece  of  the  sternum.  It  is  in  relation,  in  front,  with  the  interarticular  fibro- 
cartilage  and  synovial  membranes;  behind,  with  the  Sterno-hyoid  and  Sterno- 
thyroid muscles. 

The  Interclavicular  Liganieiit  is  a  flattened  band  which  varies  considerably 
in  form  and  size  in  different  individuals;  it  passes  in  a  curved  direction  from  the 
upper  part  of  the  inner  extremity  of  one  clavicle  to  the  other,  and  is  closely 
attached  to  the  upper  margin  of  the  sternum.  It  is  in  relation,  in  front,  with  the 
integument;  behind,  with  the  Sterno-thyroid  muscles. 

The  OoEFto-clavicular  Ligament  (rhomboid)  is  short,  flat,  and  strong :  it  is  of 
a  rhomboid  form,,  attached,  below,  to  the  upper  and  inner  part  of  the  cartilage  of 
the  first  rib  :  it  ascends  obliquely  backward  and  outward,  and  is  attached,  above, 
to  the  rhomboid  depression  on  the  under  surface  of  the  clavicle.  It  is  in  relation, 
in  front,  with  the  tendon  of  origin  of  the  Subclavius ;  behind,  with  the  subclavian 
vein. 

The  InterarticnlaT  Fibro-cartilage  is  a  flat  and  nearly  circular  disk,  interposed 
between  the  articulating  surfaces  of  the  sternum  and   clavicle.     It  is  attached, 

by  a  tissue   which  is  rather 
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above,  to  the  upper  and  posterior  border  of  the  articular  surface  of  the  clavicle ; 
below,  to  the  cartilage  of  the  first  rib,  at  its  junction  with  the  sternum ;  and  by 
its  circumference,  to  the  anterior  and  posterior  sterno-clavicular  and  interclavicular 
ligaments.  It  is  thicker  at  the  circumference,  especially  its  upper  and  back  part, 
than  at  its  centre  or  below.  It  divides  the  joint  into  two  cavities,  each  of  which  is 
furnished  with  a  separate  synovial  membrane. 

Of  the  two  Synovial  Membranes  found  in  this  articulation,  one  is  reflected 
from  the  sternal  end  of  the  clavicle  over  the  adjacent  surface  of  the  fibro-cartilage 
and  cartilage  of  the  first  rib  ;  the  other  is  placed  between  the  articular  surface  of 
the  sternum  and  adjacent  surface  of  the  fibro-cartilage ;  the  latter  is  the  larger  of 
the  two.     They  seldom  contain  much  synovia. 

Actions. — This  articulation  is  the  centre  of  the  movements  of  the  shoulder,  and 
admits  of  a  limited  amount  of  motion  in  nearly  every  direction — upward,  down- 
ward, backward,  forward — as  well  as  circumduction.  When  these  movements 
take  place  in  the  joint,  the  clavicle  in  its  motion  carries  the  scapula  with  it,  this 
bone  gliding  on  the  outer  surface  of  the  chest.  This  joint  therefore  forms  the 
centre  from  which  all  movements  of  the  supporting  arch  of  the  shoulder  originate, 
and  is  the  only  point  of  articulation  of  this  part  of  the  skeleton  with  the  trunk. 
"  The  movements  attendant  on  elevation  and  depression  of  the  shoulder  take  place 
between  the  clavicle  and  the  interarticular  fibro-cartilage,  the  bone  rotating  upon 
the  ligament  on  an  axis  drawn  from  before  backward  through  its  own  articular 
facet.  When  the  shoulder  is  moved  forward  and  backward,  the  clavicle,  with 
the  interarticular  fibro-cartilage,  rolls  to  and  fro  on  the  articular  surface  of  the 
sternum,  revolving,  with  a  sliding  movement,  round  an  axis  drawn  nearly  vertically 
through  the  sternum.  In  the  circumduction  of  the  shoulder,  which  is  compounded 
of  these  two  movements,  the  clavicle  revolves  upon  the  interarticular  fibro-cartilage, 
and  the  latter,  with  the  clavicle,  rolls  upon  the  sternum."  ^  Elevation  of  the  clavicle 
is  principally  limited  by  the  costo-clavicular  ligament ;  depression,  by  the  inter- 
clavicular. The  muscles  which  raiBe  the  clavicle,  as  in  shrugging  the  shoulders, 
are  the  upper  fibres  of  the  Trapezius,  the  Levator  anguli  scapulae,  the  clavicular 
head  of  the  Sterno-mastoid,  assisted  to  a  certain  extent  by  the  two  Rhomboids, 
which  pull  the  inferior  angle  of  the  Scapula  backward  and  upward,  and  so  raise 
the  clavicle.  The  depression  of  the  clavicle  is  principally  effected  by  gravity, 
assisted  by  the  Subclavius,  Pectoralis  minor,  and  lower  fibres  of  the  Trapezius. 
It  is  drawn  backward  by  the  Rhomboids  and  the  middle  and  lower  fibres  of  the 
Trapezius,  fin^  forward  by  the  Serratus  magnus  and  Pectoralis  minor. 

Surface  Form. — ^The  position  of  the  sterno-clavicular  joint  may  be  easily  ascertained  by  feel- 
ing the  enlarged  sternal  end  of  the  collar-bone  just  external  to  the  long,  cord-like,  sternal  origin 
of  the  Sterno-mastoid  muscle.  If  this  muscle  is  relaxed  by  bending  the  head  forward,  a  depres- 
sion just  internal  to  the  end  of  the  clavicle,  and  between  it  and  the  sternum,  can  be  felt,  indica- 
ting the  exact  position  of  the  joint,  which  is  subcutaneous.  When  the  arm  hangs  by  tne  side, 
the  cavity  of  the  joint  is  V-shaped.  If  the  arm  is  raised,  the  bones  become  more  closely  approx- 
imated, and  the  cavity  becomes  a  mere  slit. 

Surgical  Anatomy. — ^The  strength  of  this  joint  mainly  depends  upon  its  ligaments,  and 
it  is  to  this,  and  to  the  fact  that  tne  force  of  the  blow  is  generally  transmitted  along  the 
long  axis  of  the  clavicle,  that  dislocation  rarely  occurs,  and  that  the  bone  is  generally  broken 
rather  than  displaced.  When  dislocation  does  occur,  the  course  which  the  displaced  bone  takes 
depends  more  upon  the  direction  in  which  the  violence  is  apolied  than  upon  the  anatomical 
construction  of  the  joint;  it  may  be  either  forward,  backwaru,  or  upward.  The  chief  point 
worthy  of  note,  as  regards  the  construction  of  the  joint,  in  regard  to  dislocations,  is  the  fact 
that,  owing  to  the  shape  of  the  articular  surfaces  being  so  little  adapted  to  each  other,  and 
that  the  strength  of  the  joint  mainly  depends  upon  the  ligaments,  the  displacement  when 
reduced  is  very  liable  to  recur,  and  hence  it  is  extremely  difficult  to  keep  the  end  of  the  bone  in  its 
proper  place. 

II.  Acromio-clavicTilar  Articulation  (Fig.  243). 

The  Acromio-clavicular  is  an  arthrodial  joint  formed  between  the  outer 
extremity  of  the  clavicle  and  the  upper  edge  of  the  acromion  process  of  the 
scapula.     Its  ligaments  are  the 

^  Humphry,  On  the  Human  Skeleton j  p.  402. 
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Superior  Acromio-clavicular.  (  Trapezoid 

Inferior  Acromio-ciavicular.  Coraco-clavicular  <        and 

Interarticular  Fibro-cartilage.  (  Conoid. 

The  Superior  Acromio-claTicnlar  Ligament  is  a  broad  band,  of  a  quadrilateral 
form,  which  covers  the  superior  part  of  the  articulation,  extending  between  the 
upper  part  of  the  outer  end  of  the  clavicle  and  the  adjoining  part  of  the  upper 
surface  of  the  acromion.  It  ia  composed  of  parallel  fibres  which  interlace  with 
ihe  aponeurosis  of  the  Trapezius  and  Deltoid  muscles ;  below,  it  is  in  contact  with 
the  interarticular  fibro-cartilage  (when  it  exists)  and  the  synovial  membranes. 

The  Inferior  Acromio-cUvicnlar  Ligament,  somewhat  thinner  than  the  pre- 
ceding, covers  the  under  part  of  the  articulation,  and  is  attached  to  the  adjoining 
surfaces  of  the  two  bones.  It  is  in  relation,  above,  with  the  synovial  membranes, 
and  in  rare  cases  with  the  interarticular  fibro-cartilage ;  helow,  with  the  tendon 


tm,  SI3.— The  leR  ehoulder-Jolat,  scftpDli>.cUrlcu]&r  articulBtioHB.  and  proper  llgamEnta  of  scapula. 

of  the  Siipraspinatus.  These  two  ligaments  are  continuous  with  each  other  in 
front  and  behind,  and  form  a  complete  capsule  round  the  joint. 

The  XnterarticnUt  Fibro-cartilage  is  frequently  absent  in  this  articulation. 
When  it  exists  it  generally  only  partially  separates  the  articular  surfaces,  and 
ficcupies  the  upper  part  of  the  articulation.  More  rarely  it  completely  separates 
the  joint  into  two  cavities. 

The  STnoTial  Uembrane. — There  is  usually  only  one  synovial  membrane  in 
this  articulation,  but  when  a  complete  interarticular  fibro-cartilage  exists  there  are 
two  synovial  membranes. 

The  Ooraco-claTicolar  Ligament  serves  to  connect  the  clavicle  with  the  coracoid 
process  of  the  scapula.  It  does  not  properly  belong  to  this  articulation,  but  as  it 
forms  a  most  efficient  means  in  retaining  the  clavicle  in  contact  with  the  acromial 
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process,  it  is  usually  desfcribed  with  it.  It  consists  of  two  fasciculi,  called  the 
trapezoid  and  conoid  ligaments. 

The  Trapezoid  Ligament^  the  anterior  and  external  fasciculus,  is  broad,  thin, 
and  quadrilateral ;  it  is  placed  obliquely  between  the  coracoid  process  and  the 
clavicle.  It  is  attached,  below,  to  the  upper  surface  of  the  coracoid  process ; 
above,  to  the  oblique  line  on  the  under  surface  of  the  clavicle.  Its  anterior  border 
is  free;  its  posterior  border  is  joined  with-  the  conoid  ligament,  the  two  forming 
by  their  junction  a  projecting  angle. 

The  Conoid  Ligament^  the  posterior  and  internal  fasciculus,  is  a  dense  band  of 
fibres,  conical  in  form,  the  base  being  turned  upward,  the  summit  downward.  It 
is  attached  by  its  apex  to  a  rough  impression  at  the  base  of  the  coracoid  process, 
internal  to  the  preceding ;  above,  by  its  expanded  base,  to  the  conoid  tubercle  on 
the  under  surface  of  the  clavicle,  and  to  a  line  proceeding  internally  from  it  for 
half  an  inch.  These  ligaments  are  in  relation,  in  front,  with  the  Subclavius  and 
Deltoid ;  behind,  with  the  Trapezius.  They  serve  to  limit  rotation  of  the  scapula, 
the  Trapezoid  limiting  rotation  forward,  and  the  Conoid  backward. 

Actions. — The  movements  of  this  articulation  are  of  two  kinds  :  1.  A  gliding 
motion  of  the  articular  end  of  the  clavicle  on  the  acromion.  2.  Rotation  of  the 
scapula  forward  and  backward  upon  the  clavicle,  the  extent  of  this  rotation  being 
limited  by  the  two  portions  of  the  coraco-clavicular  ligament. 

The  acromio-clavicular  joint  has  important  functions  in  the  movements  of  the 
upper  extremity.  It  has  been  well  pointed  out  by  Sir  George  Humphry  that  if  there 
had  been  no  joint  between  the  clavicle  and  scapula  the  circular  movement  of  the 
scapula  on  the  ribs  (as  in  throwing  both  shoulders  backward  or  forward)  would 
have  been  attended  with  a  greater  alteration  in  the  direction  of  the  shoulder  than  is 
consistent  with  the  free  use  of  the  arm  in  such  position,  and  it  would  have  been 
impossible  to  give  a  blow  straight  forward  with  the  full  force  of  the  arm ;  that  is  to 
say,  with  the  combined  force  of  the  scapula,  arm,  and  forearm.  "  This  joint,"  as 
he  happily  says,  "is  so  adjusted  as  to  enable  either  bone  to  turn  in  a  hinge-like 
manner  upon  a  vertical  axis  drawn  through  the  other,  and  it  permits  the  surfaces 
of  the  scapula,  like  the  baskets  in  a  roundabout  swing,  to  look  the  same  way  in 
every  position  or  nearly  so."  Again,  when  the  whole  arch  formed  by  the  clavicle 
and  scapula  rises  and  falls  (in  elevation  or  depression  of  the  shoulders),  the  joint 
between  these  two  bones  enables  the  scapula  still  to  maintain  its  lower  part  in 
contact  with  the  ribs. 

Surface  Form. — The  position  of  the  acromio-clavicular  loint  can  generally  be  ascertained  by 
the  slightly  enlarged  extremity  of  the  outer  end  of  the  clavicle,  which  causes  it  to  project  above 
the  level  of  the  acromion  process  of  the  scapula.  Sometimes  this  enlargement  is  so  considerable 
as  to  form  a  rounded  eminence,  which  is  easily  to  be  felt.  The  joint  lies  in  the  plane  of  a  ver- 
tical line  passing  up  the  middle  of  the  front  of  the  arm. 

Surgical  Ajiatomy. — Owing  to  the  slanting  shape  of  the  articular  surfaces  of  this  joint, 
dislocation  generally  occurs  downward ;  that  is  to  say,  the  acromion  process  of  the  scapula  is 
dislocated  under  the  outer  end  of  the  clavicle;  but  dislocations  in  the  opposite  direction  have 
been  described.  The  displacement  is  often  incomplete,  on  account  of  the  strong  coraco-claviculai 
ligaments,  which  remain  untom.  The  same  difficulty  exists,  as  in  the  sterno-clavicular  disloca- 
tion, in  maintaining  the  ends  of  the  bone  in  position  after  reduction. 

III.  Proper  Ligaments  of  the  Scapula  (Fig.  243). 

The  proper  ligaments  of  the  scapula  are  the 

Coraco-acromial.  Transverse. 

The  Ooraco-acromial  Ligament  is  a  broad,  thin,  flat  band,  of  a  triangular  shape, 
extended  transversely  above  the  upper  part  of  the  shoulder-joint,  between  the 
coracoid  and  acromial  processes.  It  is  attached,  by  its  apex,  to  the  summit  of  the 
acromion  just  in  front  of  the  articular  surface  for  the  clavicle,  and  by  its  broad 
base  to  the  whole  length  of  the  outer  border  of  the  coracoid  process.  Its  posterior 
fibres  are  directed  obliquely  backward  and  inward,  its  anterior  fibres  transversely 
inward.     This  ligament  completes  the  vault  formed  by  the  coracoid  and  acromion 
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processes  for  the  protection  of  the  head  of  the  humerus.  It  is  in  relation,  above, 
with  the  clavicle  and  under  surface  of  the  Deltoid  ;  below,  with  the  tendoQ  of  the 
Supraspinatus  muscle,  a  bursa  being  interposed.  Its  anterior  border  is  continuous 
niih  a  dense  cellular  lamina  that  passes  beneath  the  Deltoid  upon  the  tendons  of 
the  Supra-  and  Infraspinatus  muscles.  This  ligament  is  sometimes  described  aa 
consisting  of  two  marginal  bands  and  a  thinner  intervening  portion,  the  two 
hands  being  attached  respectively  to  the  apex  and  base  of  the  coracoid  process, 
am)  joining  together  at  their  attachment  into  the  acromion  process.  When  the 
Pectoralis  minor  is  inserted,  as  sometimes  is  the  case,  into  the  capsule  of  the 
shoulder-joint,  instead  of  into  the  coracoid  process,  it  passes  between  these  two 
bands,  and  the  intervening  portion  is  then  deficient. 

The  TranBverse  or  Ooracoid  {mprascapular)  Ligamant  converts  the  suprascapu- 
lar notch  into  a  foramen.  It  is  a  thin  and  flat  fasciculus,  narrower  at  the  mid- 
dle than  at  the  extremities,  attached  by  one  end  to  the  base  of  the  coracoid 
process,  and  by  the  other  to  the  inner  extremity  of  the  scapular  notch.  The 
suprascapular  nerve  passes  through  the  foramen ;  the  suprascapular  vessels  pa^ 
over  the  ligament. 

Hovements  of  Scapula. — The  scapula  is  capable  of  being  moved  upward  and 
downward,  forward  and  backward,  or,  by  a  combination  of  these  movements,  cir- 
cumducted on  the  wall  of  the  chest.  The  muscles  which  rai'at;  the  scapula  are  the 
upper  fibres  of  the  Trapezius,  the  Levator  anguli  scapulae,  and  the  two  Rhom- 
boids;  those  which  depre»»  it  are  the  lower  fibres  of  the  Trapezius,  the  Pectoralis 
minor,  and,  through  the  clavicle,  the  Suhclavius.  The  scapula  is  drawn  backward 
by  the  Rhomboids  and  the  middle  and  lower  fibres  of  the  Trapezius,  and  forward 
by  the  Serratus  magnus  and  Pectoralis  minor,  assisted,  when  the  arm  is  fixed,  by 
the  Pectoralis  major.  The  mobility  of  the  scapula  is  very  considerable,  and 
greatly  assists  the  movements  of  the  arm  at  the  shoulder-joint.  Thus,  in  raising 
the  arm  from  the  side  the  Deltoid  and  Supraspinatus  can  only  lift  it  to  a  right 
angle  with  the  trunk,  the  further  elevation  of' the  limb  being  effected  by  the 
Trapezius  moving  the  scapula  on  the  wall  of  the  chest.  This  mobility  is  of  special 
importance  in  ankylosis  of  the  shoulder-joint,  the  movements  of  this  bone  com- 
pensating to  a  very  great  extent  for  the  immobility  of  the  joint. 

IV.  Bhonldw-Joint  (Fig.  243). 
The  Shoulder  is  an  enarthrodial  or  ball-and-socket  joint.     The  bones  entering 
into  its  formation  are  the  large  globular  head  of  the  humerus,  which  ia  received 


^  Flo  144.— Vertical  sections  through  iho  ahoulderjoint,  the  arm  being  vprtic»!  and  horimntal.    (Arter 

into  the  shallow  glenoid  cavity  of  the  scapula — an  arrangement  which  permits  of 
very  considerable  movement,  whilst  the  joint  itself  is  protected  against  displacement 
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by  the  tendons  which  surround  it  and  by  atmospheric  pressure.  The  ligaments  do 
not  maintain  the  joint  surfaces  in  apposition,  because  when  they  alone  remain  the 
humerus  can  be  separated  to  a  considerable  extent  from  the  glenoid  cavity  ;  their 
use,  therefore,  is  to  limit  the  amount  of  movement.  Above,  the  joint  is  protected 
by  an  arched  vault,  formed  by  the  under  surface  of  the  coracoid  and  acromion 
processes,  and  the  coraco-acromial  ligament.  The  articular  surfaces  are  covered  by 
a  layer  of  cartilage :  that  on  the  head  of  the  humerus  is  thicker  at  the  centre  than 
at  the  circumference,  the  reverse  being  the  case  in  the  glenoid  cavity.  The  liga- 
ments of  the  shoulder  are  the 

Capsular.  Coraco-humeral. 

Glenoid.*  Transverse  humeral. 

The  Capsular  Ligament  completely  encircles  the  articulation,  being  attached, 
above,  to  the  circumference  of  the  glenoid  cavity  beyond  the  glenoid  ligament ; 
below,  to  the  anatomical  neck  of  the  humerus,  approaching  nearer  to  the  articular 
cartilage  above  than  in  the  rest  of  its  extent.  It  is  thicker  above  and  below  than 
elsewhere,  and  is  remarkably  loose  and  lax,  and  much  larger  and  longer  than  is 
necessary  to  keep  the  bones  in  contact,  allowing  them  to  be  separated  from  each 
other  more  than  an  inch — an  evident  provision  for  that  extreme  freedom  of  move- 
ment which  is  peculiar  to  this  articulation.  Its  external  surface  is  strengthened, 
above,  by  the  Supraspinatus ;  below,  by  the  long  head  of  the  Triceps ;  externally, 
by  the  tendons  of  the  Infraspinatus  and  Teres  minor;  and  internally,  by  the 
tendon  of  the  Subscapularis.  The  capsular  ligament  usually  presents  three 
openings ;  one  at  its  inner  side,  below  the  coracoid  process,  partially  filled  up  by 
the  tendon  of  the  Subscapularis;  it  establishes  a  communication  between  the 
synovial  membrane  of  the  joint  and  a  bursa  beneath  the  tendon  of  that  muscle. 
The  second,  which  is  not  constant,  is  at  the  outer  part,  where  a  communication 
sometimes  exists  between  the  joint  and  a  bursal  sac  belonging  to  the  Infra- 
spinatus muscle.  The  third  is  seen  in  the  lower  border  of  the  ligament,  between 
the  two  tuberosities,  for  the  passage  of  the  long  tendon  of  the  Biceps  muscle. 

The  Coraco-humeral  or  Accessory  Ligament  is  a  broad  band  which  strengthens 
the  upper  part  of  the  capsular  ligament.  It  arises  from  the  outer  border  of  the 
coracoid  process,  and  passes  obliquely  downward  and  outward  to  the  front  of  the 
great  tuberosity  of  the  humerus,  being  blended  with  the  tendon  of  the  Supra- 
spinatus muscle.  This  ligament  is  intimately  united  to  the  capsular  in  the  greater 
part  of  its  extent. 

The  Transverse  Humeral  Ligament. — This  is  a  broad  band  of  fibrous  tissue 
passing  from  the  lesser  to  the  greater  tuberosity  of  the  humerus,  and  always 
limited  to  that  portion  of  the  bone  which  lies  above  the  epiphysial  line.  It 
converts  the  bicipital  groove  into  an  osseo-aponeurotic  canal,  and  is  the  analogue 
of  the  strong  process  of  bone  which  connects  the  summits  of  the  two  tuberosities 
in  the  musk  ox. 

Supplemental  Bands  of  the  Capsular  Ligament. — In  addition  to  the  coraco- 
humeral  or  accessory  ligament,  the  capsular  ligament  is  strengthened  by  supple- 
mental bands  in  the  interior  of  the  joint.  One  of  these  bands  is  situated  on  the 
inner  side  of  the  joint,  and  passes  from  the  inner  edge  of  the  glenoid  cavity  to  the 
lower  part  of  the  lesser  tuberosity  of  the  humerus.  This  is  sometimes  known  as 
Flood*s  ligament,  and  is  supposed  to  correspond  with  the  ligamentum  teres  of 
the  hip-joint.  A  second  of  these  bands  is  situated  at  the  lower  part  of  the 
joint,  and  passes  from  the  under  edge  of  the  glenoid  cavity  to  the  under  part  of 
the  neck  of  the  humerus,  and  is  known  as  Schlemm's  ligament. 

The  Glenoid  Ligament  is  a  fibro-cartilaginous  rim  attached  round  the  margin 
of  the  glenoid  cavity.  It  is  triangular  on  section,  the  thickest  portion  being  fixed 
to  the  circumference  of  the  cavity,  the  free  edge  being  thin  and  sharp.  It  is 
continuous  above  with  the  long  tendon  of  the  Biceps  muscle,  which  bifurcates  at 

*  The  long  tendon  of  origin  of  the  Biceps  muscle  also  acts  as  one  of  the  ligaments  of  this  joint 
See  the  observations  on  p.  320  on  the  function  of  the  muscles  passing  over  more  than  one  joint 
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the  upper  part  of  the  cavity  into  two  fasciculi,  and  becomes  continuous  with  the 
fibrous  tissue  of  the  glenoid  ligament.  This  ligament  deepens  the  cavity  for  articula- 
tion, and  protects  the  edges  of  the  bone.     It  is  lined  by  the  synovial  membrane. 

The  Ssrnovial  Membrane  is  reflected  from  the  margin  of  the  glenoid  cavity  over 
the  fibro-cartilaginous  rim  surrounding  it :  it  is  then  reflected  over  the  internal 
surface  of  the  capsular  ligament,  covers  the  lower  part  and  sides  of  the  neck  of  the 
humerus,  and  is  continued  a  short  distance  over  the  cartilage  covering  the  head 
of  the  bone.  The  long  tendon  of  the  Biceps  muscle  which  passes  through  the 
capsular  ligament  is  enclosed  in  a  tubular  sheath  of  synovial  membrane,  which  is 
reflected  upon  it  at  the  point  where  it  perforates  the  capsule,  and  is  continued 
around  it  as  far  as  the  summit  of  the  glenoid  cavity.  The  tendon  of  the  Biceps  is 
thus  enabled  to  traverse  the  articulation,  but  it  is  not  contained  in  the  interior  of 
the  synovial  cavity.  The  synovial  membrane  communicates  with  a  large  bursal 
sac  beneath  the  tendon  of  the  Subscapularis,  by  an  opening  at  the  inner  side  of  the 
capsular  ligament;  it  also  occasionally  communicates  with  another  bursal  sac, 
beneath  the  tendon  of  the  Infraspinatus,  through  an  orifice  at  its  outer  part.  A 
third  bursal  sac,  which  does  not  communicate  with  the  joint,  is  placed  between  the 
under  surface  of  the  Deltoid  and  the  outer  surface  of  the  capsule. 

The  Muscles  in  relation  with  the  joint  are,  above,  the  Supraspinatus ;  below, 
the  long  head  of  the  Triceps ;  internally,  the  Subscapularis ;  externally,  the  Infra- 
spinatus and  Teres  minor  ;  within,  the  long  tendon  of  the  Biceps.  The  Deltoid  is 
placed  most  externally,  and  covers  the  articulation  on  its  outer  side,  as  well  as  in 
front  and  behind. 

The  Arteries  supplying  the  joint  are  articular  branches  of  the  anterior  and 
posterior  circumflex,  and  suprascapular. 

The  Nerves  are  derived  from  the  circumflex  and  suprascapular. 

Actions. — The  shoulder-joint  is  capable  of  movement  in  every  direction,  forw^ard, 
backward,  abduction,  adduction,  circumduction,  and  rotation.  The  humerus  is 
drawn  forward  by  the  Pectoralis  major,  anterior  fibres  of  the  Deltoid,  Coraco- 
brachialis,  and  by  the  Biceps  when  the  forearm  is  flexed ;  backward^  by  the  Latis- 
simus  dorsi.  Teres  major,  posterior  fibres  of  the  Deltoid,  and  by  the  Triceps  when 
the  forearm  is  extended ;  it  is  abducted  (elevated)  by  the  Deltoid  and  Supraspinatus ; 
it  is  adducted  (depressed)  by  the  Subscapularis,  Pectoralis  major,  Latissimus  dorsi, 
and  Teres  major;  it  is  rotated  outtvardhy  the  Infraspinatus  and  Teres  minor; 
and  it  is  rotated  imvard  by  the  Subscapularis,  Latissimus  dorsi.  Teres  major,  and 
Pectoralis  major. 

The  most  striking  peculiarities  in  this  joint  are :  1.  The  large  size  of  the  head 
of  the  humerus  in  comparison  with  the  depth  of  the  glenoid  cavity,  even  when 
supplemented  by  the  glenoid  ligament.  2.  The  looseness  of  the  capsule  of  the 
joint.  3.  The  intimate  connection  of  the  capsule  with  the  muscles  attached  to  the 
head  of  the  humerus.     4.  The  peculiar  relation  of  the  biceps  tendon  to  the  joint. 

It  is  in  consequence  of  the  relative  size  of  the  two  articular  surfaces  that  the 
joint  enjoys  such  free  movement  in  every  possible  direction.  When  these  movements 
of  the  arm  are  arrested  in  the  shoulder-joint  by  the  contact  of  the  bony  surfaces 
and  by  the  tension  of  the  corresponding  fibres  of  the  capsule,  together  with  that  of 
the  muscles  acting  as  accessory  ligaments,  they  can  be  carried  considerably  farther 
by  the  movements  of  the  scapula,  involving,  of  coursie,  motion  at  the  acromio-  and 
sterno-clavicular  joints.  These  joints  are  therefore  to  be  regarded  as  accessory 
structures  to  the  shoulder-joint,^  The  extent  of  these  movements  of  the  scapula  is 
very  considerable,  especially  in  extreme  elevation  of  the  arm,  which  movement  is 
best  accomplished  when  the  arm  is  thrown  somewhat  forward,  since  the  articular 
surface  of  the  humerus  is  broader  in  the  middle  than  at  either  end,  especially  the 
lower,  so  that  the  range  of  elevation  directly  forward  is  less,  and  that  directly 
backward  still  more  restricted.  The  great  width  of  the  central  portion  of  the 
humeral  head  also  allows  of  verv  free  horizontal  movement  when  the  arm  is 
raised  to  a  right  angle,  in  which  movement  the  arch  formed  by  the  acromion,  the 

^  See  p.  346. 
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coracoid  process,  and  the  coraco-acromial  ligament  constitutes  a  sort  of  supple- 
mental articular  cavity  for  the  head  of  the  bone. 

The  looseness  of  the  capsule  is  so  great  that  the  arm  will  fall  about  an  inch 
from  the  scapula  when  the  muscles  are  dissected  from  the  capsular  ligament  and 
an  opening  made  in  it  to  remove  the  atmospheric  pressure.  The  movements  of 
the  joint,  therefore,  are  not  regulated  by  the  capsule  so  much  as  by  the  surrounding 
muscles  and  by  the  pressure  of  the  atmosphere — an  arrangement  which  "  renders 
the  movements  of  the  joint  much  more  easy  than  they  would  otherwise  have  been, 
and  permits  a  swinging,  pendulum-like  vibration  of  the  limb  when  the  muscles 
are  at  rest "  (Humphry).  The  fact,  also,  that  in  all  ordinary  positions  of  the  joint 
the  capsule  is  not  put  on  the  stretch  enables  the  arm  to  move  freely  in  all  direc- 
tions. Extreme  movements  are  checked  by  the  tension  of  appropriate  portions  of 
the  capsule,  as  well  as  by  the  interlocking  of  the  bones.  Thus  it  is  said  that 
"  abduction  is  checked  by  the  contact  of  the  great  tuberosity  with  the  upper  edge  of 
the  glenoid  cavity,  adduction  by  the  tension  of  the  coraco-humeral  ligament " 
(Beaunis  et  Bouchard). 

The  intimate  union  of  the  tendons  of  the  four  short  muscles  with  the  capsule 
converts  these  muscles  into  elastic  and  spontaneously  acting  ligaments  of  the  joint, 
and  it  is  regarded  as  being  also  intended  to  prevent  the  folds  into  which  all  portions 
of  the  capsule  would  alternately  fall  in  the  varying  positions  of  the  joint  from  being 
driven  between  the  bones  by  the  pressure  of  the  atmosphere. 

The  peculiar  relations  of  the  Biceps  tendon  to  the  shoulder-joint  appear  to  sub- 
serve various  purposes.  In  the  first  place,  by  its  connection  with  both  the  shoulder 
and  elbow  the  muscle  harmonizes  the  action  of  the  two  joints,  and  acts  as  an 
elastic  ligament  in  all  positions,  in  the  manner  previously  adverted  to.*  Next,,  it 
strengthens  the  upper  part  of  the  articular  cavity,  and  prevents  the  head  of  the 
humerus  from  being  pressed  up  against  the  acromion  process,  when  the  Deltoid 
contracts,  instead  of  forming  the  centre  of  motion  in  the  glenoid  cavity.  By  its 
passage  along  the  bicipital  groove  it  assists  in  rendering  the  head  of  the  humerus 
steady  in  the  various  movements  of  the  arm.  When  the  arm  is  raised  from  the 
side  it  assists  the  Supra-  and  Infraspinatus  in  rotating  the  head  of  the  humerus  in 
the  glenoid  cavity.  It  also  holds  the  head  of  the  bone  firmly  in  contact  with  the 
glenoid  cavity,  and  prevents  its  slipping  over  its  lower  edge,  or  being  displaced  by 
the  action  of  the  Latissimus  dorsi  and  Pectoralis  major,  as  in  climbing  and  many 
other  movements. 

Surface  Form.~The  direction  and  position  of  the  shoulder-joint  maj'  be  indicated  by  a  line 
drawn  from  the  middle  of  the  coraco-acromial  ligament,  in  a  curved  direction,  with  its  con- 
vexity inward,  to  the  innermost  part  of  that  portion  of  the  head  of  the  humerus  which  can  be 
felt  in  the  axilla  when  the  arm  is  forcibly  abducted  from  the  side.  When  the  arm  hangs  by  the 
side,  not  more  than  one-third  of  the  head  of  the  bone  is  in  contact  with  the  glenoid  cavity,  and 
three-quarters  of  its  circumference  is  in  front  of  a  vertical  line  drawn  from  the  anterior  bonier  of 
the  acromion  process. 

Surgical  Anatomy. — Owing  to  the  construction  of  the  shoulder-joint  and  the  freedom  of 
movement  which  it  enjoys,  as  well  as  in  consequence  of  its  exposed  situation,  it  is  more  frequently 
dislocated  than  any  other  joint  in  the  body.  Dislocation  occurs  when  the  arm  is  abducted,  and 
when,  therefore,  the  head  of  the  humerus  presses  against  the  lower  and  front  part  of  the  cap- 
sule, which  is  the  thinnest  and  least  supported  part  of  the  ligament.  The  rent  in  the  capsule 
almost  invariably  takes  place  in  this  situation,  and  through  it  the  head  of  the  bone  escapes,  so 
that  the  dislocation  in  most  instances  is  primarily  subglenoid.  The  head  of  the  bone  does  not 
usually  remain  in  this  situation,  but  generally  assumes  some  other  position,  which  varies  accord- 
ing to  the  direction  and  amount  of  force  producing  the  dislocation  and  the  relative  strength  of 
the  muscles  in  front  and  behind  the  joint.  In  consequence  of  the  muscles  at  the  back  being 
stronger  than  those  in  front,  and  especially  on  account  of  the  long  head  of  the  Triceps  pre- 
venting the  bone  passing  backward,  dislocation  forward  is  much  more  common  than  back- 
ward. The  most  frequent  position  which  the  head  of  the  humerus  ultimately  assumes  is  on  the 
front  of  the  neck  of  the  scapula,  beneath  the  coracoid  process,  and  hence  named  subcora- 
coid.  Occasionally,  in  consequence  probably  of  a  greater  amount  of  force  being  brought  to 
bear  on  the  limb,  the  head  is  driven  farther  inward,  and  rests  on  the  upper  part  of  the  front 
of  the  chest,  beneath  the  clavicle  (subclavicular).  Sometimes  it  remains  in  the  position 
in  which  it  was  primarily  displaced,  resting  on  the  axillary  border  of  the  scapula  (subglenoid), 

^  See  p.  320. 
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and  rarely  it  passes  backward  and  remains  in  the  infraspinatous  fossa,  beneath  the  spine  (sub- 
spinous). 

The  shoulder-joint  is  sometimes  the  seat  of  all  those  inflammatory  affections,  both  acute  and 
chronic,  which  attack  joints,  though  perhaps  less  frequently  than  some  other  joints  of  equal  size 
and  importance.  Acute  synovitis  may  result  from  iryurj^,  rheumatism,  or  pyaemia,  or  may  fol- 
low secondarily  on  the  so-called  acute  epiphysitis  of  mfants.  It  is  attended  with  effusion  into 
the  joint,  and  when  this  occurs  the  capsule  is  evenly  distended  and  the  contour  of  the  joint 
rounded.  Special  projections  may  occur  at  the  site  of  the  openings  in  the  capsular  ligament. 
Thus  a  swelling  may  appear  just  in  front  of  the  joint,  internal  to  the  lesser  tuberosity,  from  effu- 
sion into  the  bursa  beneath  the  Subscapularis  muscle ;  or,  again,  a  swelling  which  is  sometimes 
bilobed  may  be  seen  in  the  interval  between  the  Deltoid  and  rectorali^  major  muscles,  from  effu- 
sion into  the  diverticulum,  which  runs  down  the  bicipital  groove  with  the  tendon  of  the  biceps. 
The  effiision  into  the  synovial  membrane  can  be  best  ascertained  by  examination  from  the  axilla, 
where  a  sofr,  elastic,  fluctuating  swelling  can  usually  be  felt. 

Tubercular  arthritis  not  unfrequently  attacks  the  shoulder-joint,  and  may  lead  to  total  de- 
struction of  the  articulation,  when  ankylosis  may  result  or  long-protracted  suppuration  may 
necessitate  excision.  This  joint  is  also  one  of  those  which  is  most  liable  to  be  the  seat  of  osteo- 
arthritis, and  may  also  be  affected  in  gout  and  rheumatism ;  or  in  locomotor  ataxy,  when  it 
becomes  the  seat  of  Charcot's  disease. 

Excision  of  the  shoulder-joint  may  be  required  in  cases  of  arthritis  (especially  the  tuber- 
cular form)  which  have  gone  on  to  destruction  of  the  articulation ;  in  compound  dislocations  and 
fractures,  particularly  those  arising  from  gunshot  iryuries,  in  which  there  has  been  extensive 
injury  to  the  head  of  the  bone ;  in  some  cases  o*f  old  unreduced  dislocation,  where  there  is  much 
pain ;  and  possibly  in  some  few  cases  of  growth  connected  with  the  upper  end  of  the  bone.  Tlie 
operation  is  best  performed  by  making  an  incision  from  the  middle  of  the  coraco-acromial  liga- 
ment down  the  arm  for  about  three  inches :  this  will  expose  the  bicipital  groove  and  the  tendon 
of  the  Biceps,  which  may  be  either  divided  or  hooked  out  of  the  way,  according  as  to  whether  it 
is  implicate<l  in  the  disease  or  not.  The  capsule  is  then  freely  opened,  and  the  muscles  attached 
to  the  greater  and  lesser  tuberosities  of  the  humerus  djvided.  The  head  of  the  bone  can 
then  be  thrust  out  of  the  wound  and  sawn  off,  or  divided  with  a  narrow  saw  in  situ  and 
subsequently  removed.  The  section  should  be  made,  if  possible,  just  below  the  articular  surface, 
80  as  to  leave  the  bone  as  long  as  possible.  The  glenoid  cavity  must  then  be  examined,  and 
gouged  if  carious. 

V.  Elbow-Joint. 

The  Elbow  is  a  ginglymus  or  hinge-joint.  The  bones  entering  into  its  forma- 
tion are  the  trochlear  surface  of  the  humerus,  which  is  received  into  the  greater 
sigmoid  cavity  of  the  ulna,  and  admits  of  the  movements  peculiar  to  this  joint — viz. 
flexion  and  extension  ;  whilst  the  lesser,  or  radial,  head  of  the  humerus  articulates 
with  the  cup-shaped  depression  on  the  head  of  the  radius ;  the  circumference  of  the 
head  of  the  radius  articulates  with  the  lesser  sigmoid  cavity  of  the  ulna,  allowing  of 
the  movement  of  rotation  of  the  radius  on  the  ulna,  the  chief  action  of  the  supe- 
rior radio-ulnar  articulation.  The  articular  surfaces  are  covered  with  a  thin  laver 
of  cartilage,  and  connected  together  by  a  capsular  ligament  of  unequal  thickness, 
being  especially  thickened  on  its  two  sides  and,  to  a  less  extent,  in  front  and 
behind.  These  thickened  portions  are  usually  described  as  distinct  ligaments 
under  the  following  names: 

Anterior.  Internal  Lateral. 

Posterior.  External  Lateral. 

The  orbicular  ligament  of  the  upper  radio-ulnar  articulation  must  also  be 
reckoned  among  the  ligaments  of  the  elbow. 

The  Anterior  Ligament  (Fig.  245)  is  a  broad  and  thin  fibrous  layer  which 
covers  the  anterior  surface  of  the  joint.  It  is  attached  to  the  front  of  the  internal 
condyle  and  to  the  front  of  the  humerus  immediately  above  the  coronoid  fossa ; 
below,  to  the  anterior  surface  of  the  coronoid  process  of  the  ulna  and  orbicular 
ligament,  being  continuous  on  each  side  with  the  lateral  ligaments.  Its  superficial 
fibres  pass  obliquely  from  the  inner  condyle  of  the  humerus  outward  to  the 
orbicular  ligament.  The  middle  fibres,  vertical  in  direction,  pass  from  the  upper 
part  of  the  coronoid  depression  and  become  partly  blended  with  the  preceding,  but 
mainly  inserted  into  the  anterior  surface  of  the  coronoid  process.  The  deep  or 
transverse  set  intersects  these  at  right  angles.  This  ligament  is  in  relation,  in 
front,  with  the  Brachialis  anticus,  except  at  its  outermost  part ;  behind,  with  the 
svnovial  membrane. 
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The  Posterior  Ligament  (Fig.  -40)  is  a  tbia  and  loose  membranous  fold,  attached, 
above,  to  the  lower  end  of  the  humerus,  on  a  level  with  the  upper  part  of  the 
olecranon  fossa ;  below,  to  the  margin  of  the  olecranon.     The  superficial  or  trans- 
verse  fibres   pass   between  the  adjacent   margins  of  the  olecranon  fossa.     The 
deeper  portion  consists  of  vertical  fibres,  which  pass  from  the  upper  part  of  the 
olecranon  fossa  to  the  margin  of  the  olecranon.     This  ligament  is  in  relation, 
behind,  with  the  tendon  of  the  Tri- 
ceps and  the  Anconeus;  in  front, 
with  the  sj'novial  membrane. 


Fio.  24.^.— U'ft  elbiiw-jolnt.  showing  anltrlor  Fi<i,  ilfi,— Left    elbow-Joint.   Bhowine 

The  Internal  Lateral  Ligament  (Fig.  245)  is  a  thick  triangular  band  consisting 
of  two  portions,  an  anterior  and  posterior,  united  by  a  thinner  intermediate  por- 
tion. The  anterior  portion,  directed  obliquely  forward,  is  attached,  above,  by  its 
apex,  to  the  front  part  of  the  internal  condyle  of  the  humerus;  and,  below,  by  its 
broad  base,  to  the  inner  margin  of  the  coronoid  process.  The  posterior  portion, 
also  of  triangular  form,  is  attached,  above,  by  its  apex,  to  the  lower  and  back 
part  of  the  internal  condyle;  below,  to  the  inner  margin  of  the  olecranon. 
Between  these  two  bands  a  few  intermediate  fibres  descend  from  the  internal  con- 
dyle to  blend  with  a  transverse  band  of  ligamentous  tissue  which  bridges  across 
the  notch  between  the  olecranon  and  coronoid  processes.  This  ligament  is  in 
relation,  internally,  with  the  Triceps  and  Flexor  carpi  iilnaris  muscles  and  the 
ulnar  nerve,  and  gives  origin  to  part  of  the  Flexor  sublimis  digitorum. 

The  External  Lateral  Ligament  (Fig.  240)  is  a  short  and  narrow  fibrous  band, 
less  distinct  than  the  internal,  attached,  above,  to  a  depression  below  the  external 
condyle  of  the  humerus;  below,  to  the  orbicular  ligament,  some  of  its  most  pos- 
terior fibres  passing  over  that  ligament,  to  be  inserted  into  the  outer  margin  of  the 
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uiDa.  This  ligament  is  intimately  blended  with  the  tendon  of  origin  of  the 
Supinator  brevis  muscle. 

The  SynoTlal  Membrane  is  very  extensive.  It  covers  the  margin  of  the 
articular  surface  of  the  humerus,  ana  lines  the  coronoid  and  olecranon  fossse  on 
that  bone ;  from  these  points  it  is  re8ected  over  the  anterior,  posterior,  and 
lateral  ligaments,  and  forma  a  pouch  between  the  lesser  sigmoid  cavity,  the 
internal  surface  of  the  orbicular  ligament,  and  the  circumference  of  the  head  of 
the  radius. 

Between  the  capsular  ligament  and  tbe  synovial  membrane  are  three  masses 
of  fat ;  one,  tbe  largest,  above  the  olecranon  fossa,  wbicb  is  pressed  into  tbe  fossa  by 
the  triceps  during  flexion;  a  second,  over  the  coronoid  fossa;  and  a  third,  over 
the  radial  fossa.     These  are  pressed  into  their  respective  fosste  during  extension. 

The  Muaclea  in  relation  with  the  joint  are,  in  front,  the  Bracbialis  anticus; 
behind,  tbe  Triceps  and  Anconeus;  externally,  the  Supinator  brevis  and  the 
common  tendon  of  origin  of  the  Extensor  muscles;  internally,  the  common 
tendon  of  origin  of  tbe  Flexor  muscles,  and  the  Flexor  carpi  uluaris,  with  the 
ulnar  nerve. 

Tbe  Arteriet  supplying  the  joint  are  derived  from  the  communicating  branches 
between  the  superior  profunda,  inferior  profunda,  and  anaatomotica  magna  arteries, 
branches  of  tbe  brachial,  with  tbe  anterior,  posterior,  and  interosseous  recurrent 
branches  of  the  ulnar  and  the  recurrent  branch  of  the  radial.  These  vessels  form 
a  complete  chain  of  inosculation  around  the  joint. 

The  Nen'f»  are  derived  from  tbe  ulnar  as  it  passes  between  the  internal  con- 
dyle and  tbe  olecranon  ;  a  filament  from  tbe  musculo-cutaneous  (RUdinger),  and 
(wo  from  the  median  (Macalister). 

Actions. — The  elbow-joint  comprises  three  different  portions — viz,  the  joint 
between  tbe  ulna  and  humerus,  that  between 
the  head  of  the  radius  and  the  humerus,  and 
the  superior  radio-ulnar  articulation,  described 
below.  All  these  articular  surfaces  are  in- 
vested by  a  common  synovial  membrane,  and 
the  movements  of  the  whole  joint  should  be 
studied  together.  The  combination  of  the 
movements  of  flexion  and  extension  of  the 
firearm  with  those  of  pronation  and  supina- 
tion of  the  hand,  which  is  ensured  by  the  two 
being  performed  at  the  same  joint,  is  essen- 
tial to  the  accuracy  of  tbe  various  minute 
movements  of  the  hand. 

Tbe  portion  of  tbe  joint  between  the  ulna 
and   humerus   is   a   simple   hinge-joint,    and  ' 

allows  of  movements  of  flexion  and  extension 
only.    Owing  to  the  obliquity  of  tbe  trochlear 
surface  of  the  humerus,  this  movement  does 
not   take   place  in  a  straight  line;    so   that 
when  the  forearm  is  extended  and  supinated 
the  axis  of  the  arm  and   forearm  is  not  in 
the  same  line,  but  the  one  portion  of  the  limb 
forms  an  angle  with  the  others,  and  the  hand, 
"ith  tbe  forearm,  is  directed  outward.      Dur- 
ing flexion,  on  the  other  hand,  tbe  forearm         y\i;.  iM.-SAfWM  Bcction  of  the  rfehi 
and  the   hand  tend  to  approach  the  middle     f^'"'^°^°\o^l^;^  ^™M*'^i^-:t'^^^S^eT 
line  of  the  body,  and  thus  enable  the  hand  to     BniuQ«.) 
be  easily  carried  to  the  face.     The  shape  of 

the  articular  surface  of  tbe  humerus,  with  its  prominences  and  depressions 
accnrately  adapted  to  the  opposing  surfaces  of  tbe  olecranon,  prevents  any  lateral 
movement.     Flexion  is   produced  by  tbe  action  of  the  Biceps  and  Brachialis 
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anticus,  assisted  by  the  muscles  arising  from  the  internal  condyle  of  the  humerus 
and  the  Supinator  longus ;  extensioriy  by  the  Triceps  and  Anconeus,  assisted  by 
the  extensors  of  the  wrist  and  by  the  Extensor  communis  digitorum  and  Extensor 
minimi  digiti. 

The  joint  between  the  head  of  the  radius  and  the  capitellum  or  radial  head  of 
the  humerus  is  an  arthrodial  joint.  The  bony  surfaces  would  of  themselves  con- 
stitute an  enarthrosis,  and  allow  of  movement  in  all  directions  were  it  not  for  the 
orbicular  ligament  by  which  the  head  of  the  radius  is  bound  down  firmly  to  the 
sigmoid  cavity  of  the  ulna,  and  which  prevents  any  separation  of  the  two  bones 
laterally.  It  is  to  the  same  ligament  that  the  head  of  the  radius  owes  its  security 
from  dislocation,  which  would  otherwise  constantly  occur  as  a  consequence  of  the 
shallowness  of  the  cup-like  surface  on  the  head  of  the  radius.  In  fact,  but  for 
this  ligament  the  tendon  of  the  biceps  would  be  liable  to  pull  the  head  of  the 
radius  out  of  the  joint.*  In  complete  extension  the  head  of  the  radius  glides  so 
far  back  on  the  outer  condyle  that  its  edge  is  plainly  felt  at  the  back  of  the 
articulation.  Flexion  and  extension  of  the  elbow-joint  are  limited  by  the 
tension  of  the  structures  on  the  front  and  back  of  the  joint,  the  limitation  of 
flexion  being  also  aided  by  the  soft  structures  of  the  arm  and  forearm  coming  in 
contact. 

In  combination  with  any  position  of  flexion  or  extension  the  head  of  the  radius 
can  be  rotated  in  the  upper  radio-ulnar  joint,  carrying  the  hand  with  it.  The 
hand  is  articulated  to  the  lower  surface  of  the  radius  only,  and  the  concave  or 
sigmoid  surface  on  the  lower  end  of  the  radius  travels  round  the  lower  end  of 
the  ulna.  The  latter  bone  is  excluded  from  the  wrist-joint  (as  will  be  seen  in  the 
sequel)  by  the  interarticular  fibro-cartilage.  Thus,  rotation  of  the  head  of  the 
radius  round  an  axis  which  passes  through  the  centre  of  the  radial  head  of  the 
humerus  imparts  circular  movement  to  the  hand  through  a  very  considerable  arc. 

Snr£ace  Form. — If  the  forearm  be  slightly  flexed  on  the  arm,  a  curved  crease  or  fold  with 
its  convexity  downward  may  be  seen  running  across  the  front  of  the  elbow,  extending  from  one 
condyle  to  the  other.  The  centre  of  this  fola  is  some  slight  distance  above  the  line  of  the  joint. 
The  position  of  the  radio-humeral  portion  of  the  ioint  can  be  at  once  ascertained  by  feeling  for  a 
slight  groove  or  depression  between  the  head  of  the  radius  and  the  capitellum  of  the  humerus  at 
the  back  of  the  articulation. 

Surgical  Anatomy. — From  the  great  breadth  of  the  joint,  and  the  manner  in  which  the 
articular  surfaces  are  interlocked,  ana  also  on  account  of  the  strong  lateral  ligaments  and  the 
support  which  the  joint  derives  from  the  mass  of  muscles  attached  to  each  condyle  of  the 
humerus,  lateral  displacement  of  the  bones  is  very  uncommon,  whereas  antero-postenor  disloca- 
tion, on  account  of  the  shortness  of  the  antero-posterior  diameter,  the  weakness  of  the  anterior 
and  posterior  ligaments,  and  the  want  of  support  of  muscles,  much  more  frequently  takes  place, 
dislocation  backward  taking  place  when  the  forearm  is  in  a  position  of  extension,  and  forward 
when  in  a  position  of  flexion.  For,  in  the  former  position,  that  of  extension,  the  coronoid  pro- 
cess is  not  mterlocked  into  the  coronoid  fossa,  and  loses  its  grip  to  a  certain  extent,  whereas  the 
olecranon  process  is  in  the  olecranon  fossa,  and  entirely  prevents  displacement  forward.  On 
the  other  nand,  during  flexion,  the  coronoid  jjrocess  is  in  the  coronoid  fossa,  and  prevents 
dislocation  backward,  while  the  olecranon  loses  its  crip  and  is  not  so  eflicient,  as  during  exten- 
sion, in  preventing  a  forward  displacement.  When  lateral  dislocation  does  take  place,  it  is  gen- 
erally incomplete. 

JDislocation  of  the  elbow-joint  is  of  common  occurrence  in  children,  far  more  common 
than  dislocation  of  any  other  articulation,  for,  as  a  rule,  fracture  of  a  bone  more  frequently 
takes  place,  under  the  application  of  any  severe  violence,  in  young  persons  than  dislocation.  In 
lesions  of  this  joint  there  is  often  very  great  difficulty  in  ascertaining  the  exact  nature  of  the 
injurv. 

The  elbow-joint  is  occasionally  the  seat  of  acute  synovitis.  The  synovial  membrane  then 
becomes  distended  with  fluid,  the  bulging  showing  itself  principally  around  the  olecranon  pro- 
cess; that  is  to  say,  on  its  inner  and  outer  sides  and  above,  in  consequence  of  the  laxness  of  the 
I>osterior  ligament.  Occasionally  a  well-marked,  triangular  projection  may  be  seen  on  the  outer 
side  of  the  olecranon,  from  bulging  of  the  synovial  membrane  beneath  the  Anconeus  muscle. 
Again,  there  is  often  some  swelling  just  above  the  head  of  the  radius,  in  the  line  of  the  radio- 
humeral  joint.  There  is  generallv  not  nmcli  swelling  at  the  front  of  the  joint,  though  sometimes 
deep-seated  fulness  beneath  the  Brachialis  anticus  may  be  noted.  When  suppuration  occurs  the 
abscess  usually  points  at  one  or  other  border  of  the  Triceps  muscle;  occasionally  the  pus 
discharges  itself  m  front,  near  the  insertion  of  the  Brachialis  anticus  muscle.     Chronic  synovitis, 

'  Humphry,  op.  «V.,  p.  419. 
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usually  of  tubeicolar  origiQ,  is  of  common  occurrence  in  the  elbow-joint:  under  these  circum- 
stances  the  forearm  tends  to  assume  the  position  of  semi-flexion,  which  is  that  of  greatest  ease 
and  relaxation  of  ligaments.  It  should  be  borne  in  mind,  that  should  ankylosis  occur  in  this  or 
the  extended  position,  the  limb  will  not  be  nearly  so  useful  as  if  ankylosed  m  a  position  of  rather 
less  than  a  nght  angle.  Loose  cartilages  are  sometimes  met  with  in  the  elbow-joint,  not  so 
commonly,  however,  as  in  the  knee ;  nor  do  they,  as  a  rule,  give  rise  to  such  urgent  svmptoms 
as  in  this  articulation,  and  rarely  require  operative  interference.  The  elbow-joint  is  also  some- 
times aifected  with  osteo-arthritis.  but  this  aflection  is  less  common  in  this  articulation  than  in 
some  other  of  the  larger  joints. 

£xeision  of  the  elbow  is  principally  required  for  three  conditions:  viz.  tubercular  arthritis, 
injury  and  its  results,  and  faulty  ankylosis ;  but  may  be  necessaiy  for  some  other  rarer  condi- 
tions, such  as  disorganinn^  arthritis  after  pyaemia,  unreduced  dislocations,  and  osteo-arthritis. 
The  results  of  the  operation  are,  as  a  rule,  more  favorable  than  those  of  excision  of  any  other 
joint,  and  it  is  one,  therefore,  that  the  surgeon  should  never  hesitate  to  perform,  especiaUy  in 
the  first  three  of  the  conditions  mentioned  above.  The  operation  is  best  performed  by  a  single 
vertical  incision  down  the  back  of  the  joint,  a  transverse  mcision,  over  the  outer  condyle,  being 
added  if  the  parts  are  much  thickened  and  fixed.  A  straight  incision  is  made  about  four 
inches  long,  the  mid- point  of  which  is  on  a  level  with  and  a  little  to  the  inner  side  of  the  tip  of 
the  olecranon.  This  incision  is  made  down  to  the  bone,  through  the  substance  of  the  Triceps 
muscle.  The  operator  with  the  point  of  his  knife,  and  guarding  the  soil  parts  with  his  thumb- 
DaiL  separates  them  from  the  bone.  In  doing  this  there  are  two  structures  which  he  should 
carefully  avoid:  the  ulnar  nerve,  which  lies  parallel  to  his  incision,  but  a  little  internal,  as 
it  courses  down  between  the  internal  condyle  and  the  olecranon  process,  and  the  prolongation  of 
the  Triceps  into  the  deep  fascia  of  the  forearm  over  the  Anconeus  muscle.  Having  cleared  the 
bones  and  divided  the  lateral  and  posterior  ligaments,  the  forearm  is  strongly  flexed  and  the 
ends  of  the  bone  turned  out  and  sawn  ofi:  The  section  of  the  humerus  should  be  through 
the  base  of  the  condyles,  that  of  the  ulna  and  radius  should  be  just  below  the  level  of  the 
lesser  sigmoid  cavity  of  the  ulna  and  the  neck  of  the  radius.  In  this  operation  the  object  is 
to  obtain  such  union  as  shall  allow  free  motion  of  the  bones  of  the  forearm ;  and,  therefore, 
passive  motion  must  be  commenced  early,  that  is  to  say,  about  the  tenth  day. 

VI.  Radio-olnar  Articulations. 

The  articulation  of  the  radius  with  the  ulna  is  effected  by  ligaments  which 
connect  together  both  extremities  as  well  as  the  shafts  of  these  bones.  They  may, 
consequently,  be  subdivided  into  three  sets :  1,  the  superior  radio-ulnar,  which  is 
a  portion  of  the  elbow-joint;  2,  the  middle  radio-ulnar;  and,  3,  the  inferior  radio- 
ulnar articulations. 

1.  Superior  Radio-ulnar  Articulation. 

This  articulation  is  a  trochoid  or  pivot-joint.  The  bones  entering  into  its 
formation  are  the  inner  side  of  the  circumference  of  the  head  of  the  radius  rotating 
within  the  lesser  sigmoid  cavity  of  the  ulna.  Its  only  ligament  is  the  annular  or 
orbieiilar. 

The  Orbicnlar  Ligament  (Fig.  246)  is  a  strong,  flat  band  of  ligamentous  fibres, 
which  surrounds  the  head  of  the  radius,  and  retains  it  in  firm  connection  with  the 
lesser  sigmoid  cavity  of  the  ulna.  It  forms  about  four-fifths  of  a  fibrous  ring, 
attached  by  each  end  to  the  extremities  of  the  lesser  sigmoid  cavity,  and  is  smaller 
at  the  lower  part  of  its  circumference  than  above,  by  which  means  the  head  of  the 
radius  is  more  securely  held  in  its  position.  Its  outer  surface^  is  strengthened 
by  the  external  lateral  ligament  of  the  elbow,  and  affords  origin  to  part  of  the 
Supinator  brevis  muscle.  Its  inner  surface  is  smooth,  and  lined  by  synovial 
membrane.  The  synovial  membrane  is  continuous  with  that  which  lines  the 
elbow-joint. 

Actions. — The  movement  which  takes  place  in  this  articulation  is  limited  to 
rotation  of  the  head  of  the  radius  within  the  orbicular  ligament,  and  upon  the 
lesser  sigmoid  cavity  of  the  ulna,  rotation  forward  being  q^AXqA  pronation ;  rotation 
backward,  supination.  Supination  is  performed  by  the  Biceps  and  Supinator 
brevis,  assisted  to  a  slight  extent  by  the  Extensor  muscles  of  the  thumb  and,  in 
certain  positions,  by  the  Supinator  longus.  Pronation  is  performed  by  the  Pro- 
nator radii  teres  and  the  Pronator  quadratus,  assisted,  in  some  positions,  by  the 
Supinator  longus. 

Sur&ce  Form. — ^The  position  of  the  superior  radio-ulnar  joint  is  marked  on  the  surface  of 
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the  body  by  the  little  dimple  on  the  back  of  the  forearm  which  indicates  the  position  of  the  head 
of  the  ndiua. 

Snrgical  An&tomy.— Dislocation  of  the  head  of  the  radius  alone  \b  not  an  uncomnion 
accident,  and  occurs  moat  frenuenily  In  young  pereona  from  tails  on  ihe  hand  when  the  forearm 
is  extended  and  siipinatcd,  the  head  of  the  Iwne  being  displaced  forward.  It  is  attended  by 
rupture  of  the  orbicular  ligament. 

2.  Middle  Radio-ulnak  Articulation. 

The  interval  between  the  shafts  of  the  radius  and  ulna  is  occupied  by  two 
ligaments. 

Oblique.  Interosseous. 

The  Oblique  or  Bound  Ligament  (Fig.  245)  is  a  small,  flattened  fibrous  band 
which  extends  obliquely  downward  and  outward  from  the  tubercle  of  the  ulna  at 
the  base  of  the  coronoid  process  to  the  radius  a  little  below  the  bicipital  tuberosity. 
Its  fibres  run  in  the  opposite  direction  to  those  of  the  interosseous  ligament,  ami 
it  appears  to  be  placed  as  a  substitute  for  it  in  the  upper  part  of  the  interosseous 
interval.     This  ligament  is  sometimes  wanting. 

ThelateTosseooBUembraneisabroad and  thin  plane  of  fibrous  tissue  descending 
obliquely  downward  and  inward,  from  the  interosseous  ridge  on  the  radius  to  that 


Fia.  2-18.— T.[|iHin^i>tB  of  wrist  And  hand.    Anterior  vievr. 

on  the  ulna.  It  is  deficient  above,  commencing  about  an  inch  beneath  the  tubercle 
of  the  radius ;  is  broader  in  the  middle  than  at  either  extremity  ;  and  presents  an 
oval  aperture  just  above  its  lower  margin  for  the  passage  of  the  anterior  inter- 
osseous vessels  to  the  back  of  the  forearm.  This  ligament  serves  to  connect  the 
bon^s  and  to  increase  the  extent  of  surface  for  the  attachment  of  the  deep  muscles. 
Between  its  upper  border  and  the  oblique  ligament  an  interval  exists  through 
which  the  posterior  interosseous  vessels  pas.'*.  Two  or  three  fibrous  bands  are 
occasionally  found  on  the  posterior  surface  of  this  membrane  which  descend 
obliquely  from  the  ulna  toward  the  radius,  and  which  have  consequently  a  direc- 
tion contrary  to  that  of  the  other  fibres.  It  is  in  relation,  in  front,  by  ita  upper 
Ihree-fourths  with  the  Flexor  longus  pollicis  on  the  outer  side,  and  with  tlie 
Flexor  profundus  digitorum  on  the  inner,  lying  upon  the  interval  between  which 
are  the  anterior  interos.seous  ve.ssels  and  nerve ;  by  its  lower  fourth,  with  the 
Pronator quadratus;  beklml,  with  the  Supinator  brevis,  Extensor  ossis  metacarpi 
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pollicis,  Exteasor  brevis  pollicia,  Extensor  longus  pollicis,  Extensor  indicis ;  and, 
near  the  wrist,  with  the  anterior  interosseous  artery  and  posterior  interosseous 
nerve. 

3.  Inferior  Radio-ulnar  ARTicuLATroN. 
This  is  a  pivot-joint,  formed  by  the  head  of  the  ulna  received  into  the  sigmoid 
cavily  at  the  inner  side  of  the  lower  end  of  the  radius.    The  articular  surfaces  are 
divered  by  a  thin  layer  of  cartilage,  and  connected   together  by  the  following  lig- 

Anterior  Radio-ulnar,  Posterior  Radio-ulnar. 

Interarticular  Fibro-cartilage. 
The  Anterior   B&dio-nlnar  Ligament  (Fig.  248)  is  a  narrow  band  of  fibres 
extending  from   the  anterior  margin  of  the   sigmoid   cavity  of  the  radius  to  the 
anterior  surface  of  the  head  of  the  ulna. 

The  Posterior  Badlo-nloar  Ligament  (Fig.  249)  extends  between  similar  points 
un  the  posterior  surface  of  the  articulation 


Fro.  MB  — 


The  Interarticnlar  Fibro-cartilage  (Fig.  251)  is  triangular  in  shape,  and  is 
pUeed  transversely  beneath  the  head  of  the  ulna,  binding  the  lower  end  of  this 
bone  and  the  radius  firmly  together.  Its  circumference  is  thicker  than  its  centre, 
which  is  thin  and  occasionally  perforated.  It  is  attached  by  its  apex  to  a  depression 
•hich  separates  the  styloid  process  of  the  ulna  from  the  head  of  that  bone ;  and 
bj  its  base,  which  is  thin,  to  the  prominent  edge  of  the  radius,  which  separates  the 
sigmoid  cavity  from  the  carpal  articulating  surface.  Its  margins  are  united  to  the 
ligaments  of  the  wrist-joint.  Its  upper  unrface,  smooth  and  concave,  articulates 
with  the  head  of  the  ulna,  forming  an  arthrodial  joint;  its  under  surface,  also 
cnneave  and  smooth,  forms  part  of  the  wrist-joint  and  articulates  with  the  cuneiform 
bune.  Both  surfaces  are  lined  by  a  svnovial  membrane — the  upper  surface,  by 
one  peculiar  to  the  radio-ulnar  articulation  ;  the  under  surface,  by  the  synovial 
membrane  of  the  wrist. 

The  Synovial  Membruie  (Fig.  251)  of  this  articulation  has  been  called,  from 
it.' extreme  looseness,  the  njcmAniwa  sacafonnig ;  it  extends  horizontally  inward 
Wtween  the  bead  of  the  ulna  and  the  interarticular  fibro-cartilage.  and  upward 
betireen  the  radius  and  the  ulna,  forming  here  a  very  loose  eul-de-gac.  The  quan- 
titj  of  synovia  which  it  contains  is  usually  considerable. 

Actions. — The  movement  in  the  inferior  radio-ulnar  articulation  is  just  the 
reverse  of  that  between  the  two  bones  above.     It  consists  of  a  movement  of  rota- 
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tioD  of  tho  lower  end  of  the  radius  round  an  axis  which  corresponds  to  the  centre 
of  the  head  of  the  ulna.  When  the  radius  rotates  forward,  pronation  of  the  fore- 
arm and  hand  is  the  result;  and  when  h&ckv&rA,  supination.  It  will  thus  be  seen 
that  in  pronation  and  supination  of  the  forearm  and  hand  the  radius  describes  a 
segment  of  a  cone,  the  axis  of  which  extends  from  the  centre  of  the  head  of  the 
radius  to  the  middle  of  the  head  of  the  ulna.  In  this  movement,  however,  the 
ulna  is  not  quite  stationary,  but  rotates  a  little  in  the  opposite  direction.  So  that 
it  also  describes  the  segment  of  a  cone,  though  of  smaller  size  than  that  described 
by  the  radius.  The  movement  which  causes  this  alteration  in  the  position  of  the 
head  of  the  ulna  takes  place  principally  at  the  shoulder-joint  by  a  rotation  of 
the  humerus,  but  possibly  also  to  a  slight  extent  at  the  elbow-joint.' 

Snrfkce  Form. — The  position  of  the  inferior  radio-ulnar  joint  may  be  aticertaincd  by 
feeling  lor  a,  sltglit  groove  at  the  back  of  the  wriEt,  between  the  prominent  head  of  the 
ulna  and  the  lower  end  of  the  radius,  when  the  forearm  is  in  a  stale  ot  almost  complete  prona- 

Vn.  Badio-carpal  or  Wrist-joint. 
The  Wrist  is  a  condyloid  articulation.  The  parts  entering  into  its  formation 
are  the  lower  end  of  the  radius  and  under  surface 
of  the  interarticular  fibro-cartilage,  which  form 
together  the  receiving  cavity,  and  the  scaphoid, 
semilunar,  and  cuneiform  bones,  which  form  the 
condyle.  The  articular  surface  of  the  radius  and 
the  under  surface  of  the  inter-articular  fibro-car- 
tilage are  the  receiving  cavity,  forming  together 
a  transversely  elliptical  concave  stirface.  The 
articular  surfaces  of  the  scaphoid,  semilunar,  and 
cuneiform  bones  form  together  a  smooth,  convex 
surface,  the  condyle,  which  is  received  into  the 
concavity  above  mentioned.  All  the  bony  sur- 
faces of  the  articulation  are  covered  with  cartilage. 
•W.  and  connected  together  by  a  capsule,  which  is 
divided  into  the  following  ligaments: 

External  Lateral.  Anterior. 

Inlernat  Lateral.  Posterior. 

The  External  Lateral  Ligament  {radio-carpal) 
(Fig.  248}  extends  from  the  summit  of  the  stvloid 
process  of  the  radius  to  the  outer  side  of  the 
scaphoid,  some  of  its  fibres  being  prolonged  to  the 
trapezium  and  annular  ligament. 

The  Internal  Lateral  Ugament  {ubio-carpal)  is 
a  rounded  cord,  attached,  above,  to  the  extremity 
of  the  styloid  proce.'o  of  the  ulna,  and  dividing 
below  into  two  fasciculi,  which  are  attached,  one 
to  the  inner  side  of  the  cuneiform  bone,  the  other 
to  the  pisifoi-m  hone  and  annular  ligament. 

The  Afiterior  Ligament  is  a  broad  membranous 

hand,  attached,  above,  to  the  anterior  margin  of 

the  lower  end  of  the  radius,  its  styloid  process  and 

the  ulna:  its  fibres  pass  downward  and  inward  to 

be  inserted  into  the  palmar  surface  of  the  scaphoid, 

rf^ht''fbpe2nn^i'i«nri!*''inVih'ird'  fin^'r,    semilunar,  and  Cuneiform  bones,  some  of  the  fibres 

Brauoe  /"""  "'*  "'""  a«iw<^t.    (aK-t'    beiiig  Continued  to  the  os  magnum.     In  addition 

to   this   broad     membrane,    there   is   a   distinct 

rounded  fasciculus,  superficial  to  the  vest,  which  passes  from  the  base  of  the  styloid 

process  of  the  ulna  to  the  semilunar  and  cuneiform  hones.     This  ligament  is  per- 

'  See  Joum.  of  Anat.  and  Phyn.,  vul.  xii^  parts  ii,,  iii.,  and  iv. 
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forated  by  numerous  apertures  for  the  passage  of  vessels,  and  is  in  relation,  in 
front,  with  the  tendons  of  the  Flexor  profundus  digitorum  and  Flexor  longus  pol- 
licis ;  behind,  with  the  synovial  membrane  of  the  wrist-joint. 

The  Posterior  Ligament  (Fig.  249),  less  thick  and  strong  than  the  anterior,  is 
attached,  above,  to  the  posterior  border  of  the  lower  end  of  the  radius  ;  its  fibres 
pass  obliquely  downward  and  inward,  to  be  attached  to  the  dorsal  surface  of  the 
scaphoid,  semilunar,  and  cuneiform  bones,  being  continuous  with  those  of  the 
dorsal  carpal  ligaments.  This  ligament  is  in  relation,  behind,  with  the  extensor 
tendons  of  the  fingers ;  in  front,  with  the  synovial  membrane  of  the  wrist. 

The  Synovial  Membrane  (Fig.  251)  lines  the  inner  surface  of  the  ligaments 
above  described,  extending  from  the  lower  end  of  the  radius  and  interarticular 
fibro-cartilage  above  to  the  articular  surfaces  of  the  carpal  bones  below.  It  is 
loose  and  lax,  and  presents  numerous  folds,  especially  behind. 

Relations. — The  wrist-joint  is  covered  in  front  by  the  flexor  and  behind  by  the 
extensor  tendons ;  it  is  also  in  relation  with  the  radial  and  ulnar  arteries. 

The  Arteries  supplying  the  joint  are  the  anterior  and  posterior  carpal  branches 
of  the  radial  and  ulnar,  the  anterior  and  posterior  interosseous,  and  some  ascending 
branches  from  the  deep  palmar  arch. 

The  Nerves   are  derived  from  the  ulnar  and  posterior  interosseous. 

Actions. — The  movements  permitted  in  this  joint  are  flexion,  extension,  abduc- 
tion, adduction,  and  circumduction.  Its  actions  will  be  further  studied  with  those 
of  the  carpus,  with  which  they  are  combined. 

Siir£ace  Form. — ^The  line  of  the  radio-carpal  joint  is  on  a  level  with  the  apex  of  the  styloid 
imioess  of  the  ulna. 

Surgical  Anatomy. — ^The  wrist-joint  is  rarely  dislocated,  its  strength  depending  mainly 
npon  the  numerous  strong  tendons  which  surround  the  articulation.  Its  security  is  further  pro- 
vided for  by  the  number  of  small  bones  of  which  the  carpus  is  made  up,  and  which  are  united 
by  very  strong  ligaments.  The  slight  movement  which  takes  place  between  the  several  bones 
serves  to  break  the  jars  that  result  from  falls  or  blows  on  the  hand.  Dislocation  backward, 
which  is  the  more  common,  simulates  to  a  considerable  extent  CoUes'  fracture  of  the  radius,  and 
is  liable  to  be  mistaken  for  it.  The  diagnosis  can  be  easily  made  out  by  observing  the 
relative  position  of  the  styloid  processes  of  the  radius  and  the  ulna.  In  the  natural  condition  the 
styloid  process  of  the  radius  is  on  a  lower  level — i.  e.  nearer  the  ground — when  the  arm  hangs  by 
the  side,  than  that  of  the  ulna,  and  the  same  would  be  the  case  in  dislocation.  In  Colles'  frac- 
ture, on  the  other  hand,  the  styloid  process  of  the  radius  is  on  the  same,  or  even  a  higher  level 
than  that  of  the  ulna. 

The  wrist-joint  is  occasionally  the  scat  of  acute  synovitis,  the  result  of  traumatism  or  arising 
in  the  rheumatic  or  pyaemic  state.  When  the  synovial  sac  is  distended  with  fluid,  the  swelling 
18  greatest  on  the  dorsal  aspect  of  the  wrist,  showing  a  general  fulness,  with  some  bulging  between 
the  tendons.  The  inflammation  is  prone  to  extend  to  the  intercarpal  joints  and  to  attack  also 
the  sheaths  of  the  tendons  in  the  neighborhood.  Chronic  inflammation  of  the  wrist  is  generally 
tubercular,  and  often  leads  to  similar  disease  in  the  synovial  sheaths  of  adjacent  tendons  and  of 
the  intercarpal  joints.  The  disease,  therefore,  when  progressive,  often  leads  to  necrosis  of  the 
curpal  bones,  and  the  result  is  often  unsatisfactory. 

Vm.  Articulations  of  the  Carpus. 

These  articulations  may  be  subdivided  into  three  sets: 

1.  The  Articulations  of  the  First  Row  of  Carpal  Bones. 

2.  The  Articulations  of  the  Second  Row  of  Carpal  Bones. 

3.  The  Articulations  of  the  Two  Rows  with  each  other. 

1.  Articulations  of  the  First  Row  of  Carpal  Bones. 

These  are  arthrodial  joints.  The  ligaments  connecting  the  scaphoid,  semilunar, 
and  cuneiform  bones  are — 

Dorsal.  Palmar. 

Two  Interosseous. 

The  Dorsal  Ligaments  are  placed  transversely  behind  the  bones  of  the  first 

row ;  they  connect  the  scaphoid  and  semilunar  and  the  semilunar  and  cuneiform. 

The  Palmar  Ligaments  connect  the  scaphoid  and  semilunar  and  the  semilunar 
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and  cuneiform  bones ;  they  are  less  strong  than  the  dorsal,  and  placed  very  deeply 
under  the  anterior  ligament  of  the  wrist. 

The  Interosseous  Ligaments  (Fig.  251)  are  two  narrow  bundles  of  fibrous 
tissue  connecting  the  semilunar  bone  on  one  side  with  the  scaphoid,  and  on  the 
other  with  the  cuneiform.  They  are  on  a  level  with  the  superior  surfaces  of  these 
bones,  and  close  the  upper  part  of  the  spaces  between  them.  Their  upper  surfaces 
are  smooth,  and  form  with  the  bones  the  convex  articular  surfaces  of  the  wrist- 
joint. 

The  ligaments  connecting  the  pisiform  bone  are — 

Capsular.  Two  Palmar  ligaments. 

The  Capsular  Ligament  is  a  thin  membrane  which  connects  the  pisiform  bone 
to  the  cuneiform.     It  is  lined  with  a  separate  synovial  membrane. 

The  two  Palmar  Ligaments  are  two  strong  fibrous  bands  which  connect  the 
pisiform  to  the  unciform,  the  piso-uncinate,  and  to  the  base  of  the  fifth  metacarpal 
bone,  the  piso-metacarpal  ligament  (Fig.  248). 

2.  Articulations  of  the  Second  Row  of  Carpal  Bones. 

These  are  also  arthrodial  joints.  The  articular  surfaces  are  covered  with  carti- 
lage, and  connected  by  the  following  ligaments : 

Dorsal.  Palmar. 

Three  Interosseous. 

The  Dorsal  Ligaments  extend  transversely  from  one  bone  to  another  on  the 
dorsal  surface,  connecting  the  trapezium  with  the  trapezoid,  the  trapezoid  with 
the  OS  magnum,  and  the  os  magnum  with  the  unciform. 

The  Palmar  Ligaments  have  a  similar  arrangement  on  the  palmar  surface. 

The  three  Interosseous  Ligaments,  much  thicker  than  those  of  the  first  row, 
are  placed  one  between  the  os  magnum  and  the  unciform,  a  second  between  the 
OS  magnum  and  the  trapezoid,  and  a  third  between  the  trapezium  and  trapezoid. 
The  first  of  these  is  much  the  strongest,  and  the  third  is  sometimes  wanting. 
Sometimes  a  slender  interosseous  band  connects  the  os  magnum  and  the  scaphoid. 

3.  Articulations  of  the  Two  Rows  of  Carpal  Bones  with  each  Other, 

The  joint  between  the  scaphoid,  semilunar,  and  cuneiform,  and  the  second  row 
of  the  carpus,  or  the  mid-carpal  joints  is  made  up  of  three  distinct  portions;  in  the 
centre  the  head  of  the  os  magnum  and  the  superior  surface  of  the  unciform 
articulate  with  the  deep,  cup-shaped  cavity  formed  by  the  scaphoid  and  semilunar 
bones,  and  constitute  a  sort  of  ball-and-socket  joint.  On  the  outer  side  the 
trapezium  and  trapezoid  articulate  with  the  scaphoid,  and  on  the  inner  side  the 
unciform  articulates  with  the  cuneiform,  forming  gliding  joints. 

The  ligaments  are — 

Anterior  or  Palmar.  External  Lateral. 

Posterior  or  Dorsal.  Internal  Lateral. 

The  Anterior  or  Palmar  Ligaments  consist  of  short  fibres,  which  pass,  for  the 
most  part,  from  the  palmar  surface  of  the  bones  of  the  first  row  to  the  front  of  the 
OS  magnum. 

The  Posterior  or  Dorsal  Ligaments  consist  of  short,  irregular  bundles  of  fibres 
passing  between  the  bones  of  the  first  and  second  row  on  the  dorsal  surface  of  the 
carpus. 

The  Lateral  Ligaments  are  very  short :  they  are  placed,  one  on  the  radial,  the 
other  on  the  ulnar  side  of  the  carpus ;  the  former,  the  stronger  and  more  distinct, 
connecting  the  scaphoid  and  trapezium  bones,  the  latter  the  cuneiform  and  unciform ; 
they  are  continuous  with  the  lateral  ligaments  of  the  wrist-joint. 

The  Ssmovial  Membrane  of  the  Carpus  is  very  extensive :  it  passes  from  the 
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under  surface  of  the  scaphoid,  semilunar,  and  cuneiform  bones  to  the  upper  surface 
of  the  bones  of  the  second  row,  sending  upward  two  prolongations — between  the 
scaphoid  and  semilunar  and  the  semilunar  and  cuneiform  ;  sending  downward 
three  prolongations  between  the  four  bones  of  the  second  row,  which  are  further 
continued  onward  into  the  carpo-metacarpal  joints  of  the  four  inner  metacarpal 
bones,  and  also  for  a  short  distance  between  the  metacarpal  bones.  There  is  a 
separate  synovial  membrane  between  the  pisiform  and  cuneiform  bones. 

Actions. — The  articulation  of  the  hand  and  wrist,  considered  as  a  whole,  is 
divided  into  three  parts:  (1)  the  radius  and  the  interarticular  fibro-cartilage ; 
(2)  the  meniscus,  formed  by  the  scaphoid,  semilunar,  and  cuneiform,  the  pisiform 
bone  having  no  essential  part  in  the  movements  of  the  hand ;  (3)  the  hand  proper, 
the  metacarpal  bones  with  the  four  carpal  bones  on  which  they  are  supported — viz. 
the  trapezium,  trapezoid,  os  magnum,  and  unciform.  These  three  elements  form 
two  joints:  (1)  the  superior  (wrist-joint  proper),  between  the  meniscus  and  bones 
of  the  forearm ;  (2)  the  inferior,  between  the  hand  and  meniscus  (transverse  or 
mid-carpal  joint). 

(1)  The  articulation  between  the  forearm  and  carpus  is  a  true  condyloid  artic- 
ulation, and  therefore  all  movements  but  rotation  are  permitted.  Flexion  and 
extension  are  the  most  free,  and  of  these  a  greater  amount  of  extension  than  flexion 
is  permitted  on  account  of  the  articulating  surfaces  extending  farther  on  the  dorsal 
than  on  the  palmar  aspect  of  the  carpal  bones.  In  this  movement  the  carpal 
bones  rotate  on  a  transverse  axis  drawn  between  the  tips  of  the  styloid  processes 
of  the  radius  and  ulna.  A  certain  amount  of  adduction  (or  ulnar  flexion)  and 
abduction  (or  radial  flexion)  is  also  permitted.  Of  these  the  former  is  considerably 
greater  in  extent  than  the  latter.  In  this  movement  the  carpus  revolves  upon  an 
antero-posterior  axis  drawn  through  the  centre  of  the  wrist.  Finally,  circumduction 
is  permitted  by  the  consecutive  movements  of  adduction,  extension,  abduction,  and 
flexion,  with  intermediate  movements  between  them.  There  is  no  rotation,  but 
this  is  provided  for  by  the  supination  and  pronation  of  the  radius  on  the  ulna. 
The  movement  of  flexion  is  performed  by  the  Flexor  carpi  radialis,  the  Flexor 
carpi  ulnaris,  and  the  Palmaris  longus ;  extension^  by  the  Extensor  carpi  radialis 
longior  et  brevier  and  the  Extensor  carpi  ulnaris  ;  adduction  (ulnar  flexion),  by  the 
Flexor  carpi  ulnaris  and  the  Extensor  carpi  ulnaris ;  and  abduction  (radial  flexion), 
by  the  Extensors  of  the  thumb  and  the  Extensor  carpi  radialis  longior  et  brevier 
and  the  Flexor  carpi  radialis. 

(2)  The  chief  movements  permitted  in  the  transverse  or  mid- carpal  joint  are 
flexion  and  extension  and  a  slight  amount  of  rotation.  In  flexion  and  extension, 
which  is  the  movement  most  freely  enjoyed,  the  trapezium  and  trapezoid  on  the 
radial  side  and  the  unciform  on  the  ulnar  side  glide  forward  and  backward  on  the 
scaphoid  and  cuneiform  respectively,  while  the  head  of  the  os  magnum  and  the 
superior  surface  of  the  unciform  rotate  in  the  cup-shaped  cavity  of  the  scaphoid 
and  semilunar.  Flexion  at  this  joint  is  freer  than  extension.  A  very  trifling 
amount  of  rotation  is  also  permitted,  the  head  of  the  os  magnum  rotating  round  a 
vertical  axis  drawn  through  its  own  centre,  while  at  the  same  time  a  slight  gliding 
movement  takes  place  in  the  lateral  portions  of  the  joint. 

IX.  Oarpo-metacarpal  Articulations. 

1.  Articulation  of  the  Metacarpal  Bone  of  the  Thumb  with  the 

Trapezium. 

This  is  a  joint  of  reciprocal  reception,  and  enjoys  great  freedom  of  movement, 
on  account  of  the  configuration  of  its  articular  surfaces,  which  are  saddle-shaped, 
so  that,  on  section,  each  bone  appears  to  be  received  into  a  cavity  in  the  other, 
according  to  the  direction  in  which  they  are  cut.  Its  ligaments  are  a  capsular 
ligament  and  a  synovial  membrane. 

The  Oapsular  Ligament  is  a  thick  but  loose  capsule  which  passes  from  the 
circumference  of  the  upper  extremity  of  the  metacarpal  bone  to  the  rough  edge 
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bounding  the  articular  surface  of  the  trapezium;  it  is  thickest  externally  and 
behind,  and  lined  by  a  separate  synovial  membrane. 

Movements. — In  the  articulation  of  the  metacarpal  bone  of  the  thumb  with  the 
trapezium  the  movements  permitted  are  flexion,  extension,  adduction,  abduction, 
and  circumduction.  ^Vben  the  joint  is  flexed  the  metacarpal  bone  is  brought  in 
front  of  the  palm  and  the  thumb  is  gradually  turned  to  the  fingers.  It  is  by  this 
peculiar  movement  that  the  tip  of  the  thumb  is  opposed  to  the  other  digits;  for 
by  slightly  flexing  the  fingers  the  palmar  surface  of  the  thumb  can  be  brought  in 
contact  with  their  palmar  surfaces  one  after  another. 

2.  Articulations  of  the  Metacarpal  Bones  of  the  Four  Inner 
FrfinBBs  WITH  the  Carpus. 
The  joints  formed  between  the  carpus  and  four  inner  metacarpal  bones  are 
artbrodial  joints.     The  ligaments  are — 

Dorsal.  Palmar. 

Interosseous. 
The  Dorsal  Ligaments,  the  strongest  and  most  distinct,  connect  the  carpal  and 
metacarpal  bones  on  their  dorsal  surface.     The  second  metacarpal  bone  receives 
two  fasciculi — one  from   the   trapezium,  the  other  from  the  trapezoid;   the  third 
metacarpal  receives  two— one  from  the  trapezoid  and  one  from  the  os  magnum  ; 
the   fourth    two — one   from    the   os 
magnum  and  one  from  the  unciform  : 
the  fifth  receives  a  single  fasciculus 
from   the  unciform  bone,   which   is 
continuous  with  a  simitar  ligament 
on   the  palmar  surface,  forming  an 
incomplete  capsule. 

The  Palmu  Ligaments  have  a 
somewhat  similararrangcmentontfae 
palmar  surface,  with  the  exception 
of  the  third  metacarpal,  which  has 
three  ligaments — an  external  one 
from  the  trapezium,  sittialed  above 
the  sheath  of  the  tendon  of  the 
Flexor  carpi  radialis :  a  middle  one, 
from  the  OS  magnum ;  and  an  inter- 
nal one,  from  the  unciform. 

The  Interosseous  Ligaments  con- 
''     sist  of  short,  thick  fibres,  which  are 
limited   to  one  part  of  the   carpo- 
metacarpal articulation;   they   con- 
nect the  contiguous  inferior  angles 
of  the  OS  magnum  and  unciform  with 
the  adjacent  surfaces  of  ihe  third 
F.«.  2Si.-ve«ic.a[  K^ion  thro-igh  the  articulations  at     «»<*  f""rlh  metacarpal  bones. 
Hie  «nsi,siiowiiiK  tilt  HvcBynuviainiBniijraiios.  I'he  SmoTial  Membrane  is  a  con- 

tinuation of  that  between  the  two 
rows  of  carpal  bones.  Occasionally,  the  articulation  of  the  unciform  with  the 
fourth  and  fifth  metacarpal  bones  lia.s  a  separate  .lynovial  membrane. 

The  synovial  membranes  of  the  wrist  and  carpus  (Fig.  2.'>1)  are  thus  seen  to 
be  five  in  number.  The  jirgt,  the  membrana  sncciforvnt,  passes  from  the  lower 
end  of  the  ulna  to  the  sigmoid  cavity  of  the  radius,  and  lines  the  upper  surface 
of  the  interarliciilar  fibro-cartilage.  The  neeond  passes  from  the  lower  end  of 
the  radius  and  inteiarticular  fibro-ciirtilage  above  to  the  bones  of  the  first  row 
below.  The  third,  the  m'>st  extensive,  passes  between  i he  contiguous  margins  of 
the  two  rows  of  carpal  bones — between  tiie  hones  of  the  second  row  to  the  carjml 
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extremities  of  the  four  inner  metacarpal  bones.  The  fourth,  from  the  margin  of 
the  trapezium  to  the  metacarpal  bono  of  the  thumb.  The  fifth,  between  the 
adjacent  margins  of  the  cuneiform  and  pisiform   bones. 

Actions. — -The  movement  permitted  in  the  carpo-metacarpal  articoiations  of  the 
four  inner  fingers  is  limited  to  a  slight  gliding  of  the  articular  surfaces  upon  each 
other,  the  extent  of  which  varies  in  the  different  joints.  Thus  the  articulation  of 
the  metacarpal  bone  of  the  little  finger  is  most  movable,  then  that  of  the  ring 
finger.  The  metacarpal  bones  of  the  index  and  middle  lingers  are  almost 
immovable. 


3.  Articulations  op  the  Metacarpal  Bones  with  each  other. 

The  carpal  extremities  of  the  four  inner  metacarpal  bones  articulate  with 
one  another  at  each  side  by  small  surfaces  covered  with  cartilages,  and  connected 
together  by  dorsal,  palmar,  and  interosseous  ligaments. 

The  Dorsal  and  Falmai  Ligaments  pass  transversely  from  one  bone  to  another 
on  the  dorsal  and  palmar  surfaces.  The  Interosseous  Ligaments  pass  between 
their  contiguous  surfaces,  just  beneath  their  lateral  articular  facets. 

The  STuoTial  Membrane  between  the  lateral  facets  is  a  reflection  from  that 
between  the  two  rows  of  carpal  bones. 

The  TranBTerse  Metacarpal  Ligaments  (Fig.  252)  is  a  narrow  fibrous  band  which 
passes  transversely  across  the  anterior  surfaces  of  the  digital  extremities  of  the  four 
inner  metacarpal  bones,  connecting 
them  together.  It  is  blended  an- 
teriorly with  the  anterior  (glenoid) 
ligament  of  the  metacarpal- phalan- 
geal articulations.  To  its  posterior 
border  is  connected  the  fascia  which 

covers  the  Interossei    muscles.     Its  Uet^ca,po.phal«,geal 

superficial  surface  is  concave  where  arttcalation. 

the  flexor  tendons  pass  over  it.     Be-     "" 
Dcafh   it  the  tendons  of  the  Inter- 
ossei muscles  pass  to  their  insertion. 

X,  Hetacarpo-phalangealAi^ca- 

lations  (Fig.  252). 

These  articulations  are  of  the 
condvloid  kind,  formed  by  the  re- 
ception of  the  rounded  head  of  the 
metacarpal  bone  into  a  superficial 
cavity  in  the  extremity  of  the  first 
phalanx.  The  ligaments  are — 
Anterior. 
Two  Lateral.  \ 

The  Anterior  Ligaments  (Glenoid  \  . 

Ligaments  of  Cruveilhier)  are  thick,  arUtJatiimt. 

dense,  fibrous  structures,  placed  on  / 

the  palmar  surface  of  the  joints  in  / 

the  intervals  between  the  lateral 
ligaments,  to  which  they  are  con-  ^, 
nected;  thev  are  loosely  united  to 
the  metacarpal  bone,  but  very  firmly 
to  the  base  of  the  first  phalanges. 
Their  palmar  surface  is  intimately 
blended  with  the  transverse  metacar- 
pal ligament.andpresentsagroovefor  KiG.ja2.-Arttc.ilBllon«ofthpphalimg«a. 
the  passage  ofthe  flexor  tendons,  the 
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sheath  surrounding  which  is  connected  to  each  side  of  the  groove.  By  their  deep 
surface  they  form  part  of  the  articular  surface  for  the  head  of  the  metacarpal  bone, 
and  are  lined  by  a  synovial  membrane. 

The  Lateral  Ligaments  are  strong,  rounded  cords  placed  one  on  each  side  of 
the  joint,  each  being  attached  by  one  extremity  to  the  posterior  tubercle  on  the 
side  of  the  head  of  the  metacarpal  bone,  and  by  the  other  to  the  contiguous 
extremity  of  the  phalanx. 

Actions. — The  movements  which  occur  in  these  joints  are  flexion,  extension, 
adduction,  abduction,  and  circumduction  ;  the  lateral  movements  are  very  limited. 

Surface  Form. — ^The  prominences  of  the  knuckles  do  not  correspond  to  the  position  of  the 
joints  either  of  the  metacarpo-phalangeal  or  interphaJangeal  articulations.  These  prominences 
are  invariably  formed  by  the  distal  ends  of  the  proximal  bone  of  each  joint,  and  the  line  indi- 
cating the  position  of  the  joint  must  be  sought  considerably  in  front  of  the  middle  of  the  knuckle. 
The  usual  rule  for  finding  these  Joints  is  to  flex  the  distal  phalanx  on  the  proximal  one  to  a  right 
angle ;  the  position  of  the  joint  is  then  indicated  by  an  imaginary  line  drawn  along  the  middle  of 
the  lateral  aspect  of  the  proximal  phalanx. 

XI.  Articulations  of  the  Phalanges. 

These  are  ginglymus  joints.     The  ligaments  are — 

Anterior.  Two  Lateral. 

The  arrangement  of  these  ligaments  is  similar  to  those  in  the  metacarpo- 
phalangeal articulations ;  the  extensor  tendon  supplies  the  place  of  a  posterior 
ligament. 

Actions. — The  only  movements  permitted  in  the  phalangeal  joints  are  flexion 
and  extension  ;  these  movements  are  more  extensive  between  the  first  and  second 
phalanges  than  between  the  second  and  third.  The  movement  of  flexion  is  very 
considerable,  but  extension  is  limited  by  the  anterior  and  lateral  ligaments. 

ARTICULATIONS  OF  THE  LOWER  EXTREmTT. 

The  articulations  of  the  Lower  Extremity  comprise  the  following  groups  : 
I.  The  hip-joint.  II.  The  knee-joint.  III.  The  articulations  between  the  tibia 
and  fibula.  IV.  The  ankle-joint.  V.  The  articulations  of  the  tarsus.  VI.  Tie 
tarso-metatarsal  articulations.  VII.  The  metatarso-phalangeal  articulations. 
VIII.  The  articulations  of  the  phalanges. 

I.  ffip-joint  (Fig.  253). 

This  articulation  is  an  enarthrodial  or  ball-and-socket  joint,  formed  by  the 
reception  of  the  head  of  the  femur  into  the  cup-shaped  cavity  of  the  acetabulum. 
The  articulating  surfaces  are  covered  with  cartilage,  that  on  the  head  of  the  femur 
being  thicker  at  the  centre  than  at  the  circumference,  and  covering  the  entire 
surface,  with  the  exception  of  a  depression  just  below  its  centre  for  the  ligamentum 
teres ;  that  covering  the  acetabulum  is  much  thinner  at  the  centre  than  at  the 
circumference.  It  forms  an  incomplete  cartilaginous  ring  of  a  horseshoe  shape, 
deficient  below  and  in  front,  and  having  in  its  centre  a  circular  depression,  which 
is  occupied  in  the  recent  state  by  a  mass  of  fat  covered  by  synovial  membrane. 
The  ligaments  of  the  joints  are  the 

Capsular.  Teres. 

Ilio-feraoral.  Cotyloid. 

Transverse. 

The  Capsular  Ligament  is  a  strong,  dense,  ligamentous  capsule,  embracing  the 
margin  of  the  acetabulum  above  and  surrounding  the  neck  of  the  femur  below. 
Its  upper  eircuwferejiee  is  attached  to  the  acetabulum,  above  and  behind,  two  or 
three  lines  external  to  the  cotyloid  ligament ;  but  in  front  it  is  attached  to  the 
outer  margin  of  this  ligament,  and  opposite  to  the  notch  where  the  margin  of  this 
cavity  is  deficient,  it  is  connected  to  the  transverse  ligament,  and  by  a  few  fibres 
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to  the  edge  of  the  obturator  forameo.  Its  lower  circumference  surrounda  the  neck 
of  the  femur,  being  attached,  m  front,  to  the  spiral  or  anterior  intertrochanteric 
line ;  above,  to  the  base  of  the  neck ;  behind,  to  the  neck  of  the  bone,  about  half 
an  inch  above  the  posterior  intertrochanteric  line.  From  this  insertion  the  fibres 
are  reflected  upward  over  the  neck  of  the  femur,  forming  a  sort  of  tubular  sheath 
(the  cervical  reflection),  vhich  blends  with  the  periosteum  and  can  be  traced  as  far 
as  the  articular  cartilage.  It  is  much  thicker  at  the  upper  and  fore  part  of  the 
joint,  where  the  greatest  amount  of  resistance  is  required,  than  below  and  internally, 
where  it  is  thin,  loose,  and  longer  than  in  any  other  part.  It  consists  of  two  sets 
of  fibres,  circular  and  longitudinal.  The  circular  fibres  arc  most  abundant  at  the 
lower  and  back  part  of  the  capsule,  while  the  longitudinal  fibres  are  greatest  in 
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amount  at  the  upper  and  front  part  of  the  capsule,  where  they  form  distinct  bands 
or  accessory  ligaments,  of  which  the  most  important  is  the  ilio-femoral.  The 
other  accessory  bands  are  known  as  the  pubo-femoral,  passing  from  the  ilio- 
pectineal  eminence  to  the  front  of  the  capsule  ;  tlio-trochanteric,  from  the  anterior 
inferior  spine  of  the  ilium  to  the  front  of  the  great  trochanter  ;  and  ischio-capsular, 
passing  from  the  ischium,  just  below  the  acetabulum,  to  blend  with  ihe  circular 
fibres  at  the  lower  part  of  the  joint.  The  external  surface  (Fig.  239,  page  339)  is 
rough,  covered  by  numerous  muscles,  and  separated  in  front  from  the  Psoas  and 
Iliacus  by  a  synovial  bursa,  which  not  unfrequently  communicates,  by  a  circular 
aperture,  with  the  cavity  of  the  joint.  It  differs  from  the  capsular  ligament  of  the 
shoulder  in  being  much  less  loose  and  lax,  and  in  not  being  perforated  for  the 
passage  of  a  tendon. 

The  lUo-ftmoral  Ligament  (Figs.  239  and  254)  is  an  accessory  band  of  fibres 
extending  obliquely  across  the  front  of  the  joint;  it  is  intimately  connected  with 
the  capsular  ligament,  and  serves  to  strengthen  it  in  this  situation.  It  is  attached, 
above,  to  the  lower  part  of  the  anterior  inferior  spine  of  the  ilium ;  and,  diverging 
below,  forms  two  bands,  of  which  one  passes  downward  to  be  inserted  into  the 


366  THE  ARTICULATIONS. 

lower  part  of  the  anterior  intertrochanteric  line ;  the  other  passes  downward 
and  outward  to  be  inserted  into  the  upper  part.of  the  same  line  and  adjacent 
part  of  the  neck  of  the  femur.  Between  the  two  bands  is  a  thinner  part  of  the 
capsule.  Sometimes  there  is  no  division,  but  the  ligament  spreads  out  into  a  flat, 
triangular  band,  which  is  attached  below  into  the  whole  length  of  the  anterior  inter- 
trochanteric line.  This  ligament  is  frequently  called  the  Y-shaped  ligament  of 
Bigelow. 

The  Ligamentnm  Teres  is  a  triangular  band  implanted  bj  its  apex  into  the 
depression  a  little  behind  and  below  the  centre  of  the  head  of  the  femur,  and 
by  its  broad  base  into  the  margins  of  the  cotyloid  notch,  becoming  blended  with 
the  transverse  ligament.    It  is  formed  of  connective  tissue,  surrounded  by  a  tubular 
sheath  of  synovial  membrane.     Sometimes  only  the  synovial  fold  exists,  or  the 
ligament  may  be  altogether  absent.     The  ligament  is  made  tense  when  the  hip  is 
semiflexed,  and  the  limb  then  adducted  and 
rotated  outward;    it  is,  on   the   other  hand, 
relaxed  when  the  limb  is  abducted.     It  has, 
however,  hut  little  influence  as  a  ligament, 
though  it  may  to  a  certain  extent  limit  move- 
ment, and  would  appear  to  be  merely  a  modi- 
fication of  the  folds  which  in  other  joints 
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fringe  the  margins  of  reflection  of  synovial  membranes  (see  page  316). 

The  Cotyloid  Ligament  is  a  fibro-cartilaginous  rim  attached  to  the  mai^in  of 
the  acetabulum,  the  cavity  of  which  deepens;  at  the  same  time  it  protects  the 
edges  of  the  bone  and  fills  up  the  inequalities  on  its  surface.  It  bridges  over  the 
noTch  as  the  (ransverge  ligament,  and  thus  forms  a  complete  circle,  wliich  closely 
surrounds  the  head  of  the  femur,  and  assists  in  holding  it  in  its  place,  acting  as  a 
sort  of  valve.  It  is  prismoid  in  form,  its  base  being  attached  to  the  margin  of  the 
acetabulum,  and  its  opposite  edge  being  free  and  sharp;  whilst  its  two  surfaces 
are  invested  by  synovial  membrane,  the  external  one  being  in  contact  with  tha 
capsular  ligament^  the  internal  one  being  inclined  inward,  so  as  to  iiarrow  the 
acetabulum  and  embrace  the  cartilaginous  surface  of  the  head  of  the  femur.  It 
is  much  thicker  above  and  behind  Ihan  below  and  in  front,  and  consists  of  close, 
compact  fibres,  which  arise  from  different  points  of  the  circumference  of  the 
acetabulum  and  interlace  with  each  other  at  very  acute  angles. 

The  Transverse  Ligament  is  in  reality  a  portion  of  the  cotyloid  ligament, 
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though  differing  from  it  in  having  no  nests  of  cartilage-cells  amongst  its  iibrea. 
It  consists  of  strong,  flattened  fibres,  which  cross  the  notch  at  the  lower  part  of  the 
acetabulum  and  convert  it  into  a  foramen.  Thus  an  interval  is  left  beneath  the 
ligament  for  the  passage  of  nutrient  vessels  to  the  joint. 

The  SjmoTial  Membrane  is  very  extensive.  Commencing  at  the  margin  of  the 
cartilaginous  surface  of  the  head  of  the  femur,  it  covers  all  that  portion  of  the 
neck  which  is  contained  within  the  joint;  from  the  neck  it  is  reflected  on  the 
internal  surface  of  the  capsular  ligament,  covers  both  surfaces  of  the  cotyloid  liga- 
ment and  the  mass  of  fat  contained  in  the  depression  at  the  bottom  of  tne  acetab- 
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nliim,  and  is  prolonged  in  the  form  of  a  tubular  sheath  around  the  ligamentum 
teres  as  far  as  the  head  of  the  femur. 

The  muscles  in  relation  with  the  joint  are,  in  front,  the  Psoas  and  Iliacua. 
separated  from  the  capsular  ligament  bv  a  svnovial  bursa;  above,  the  reflected 
head  of  the  Rectus  and  Gluteus  minimus,  the  latter  being  closely  adherent  to  the 
capsule ;  internally,  the  Obturator  externus  and  Pectineus ;  behind,  the  Pyriformis, 
Gemellus  superior.  Obturator  internus.  Gemellus  inferior.  Obturator  exteniua,  and 
Quadratus  femoris  (Fig.  256). 

The  arteries  supplying  the  joint  are  derived  from  the  obturator,  sciatic,  internal 
circumflex,  and  gluteal. 

The  nerves  are  articular  branches  from  the  sacral  plexus,  great  sciatic,  obtu- 
rator, aecesBorv  obturator,  and  a  filament  from  the  branch  of  the  anterior  crural 
supplying  the  Rectus. 

Actions. — The  movements  of  the  hip,  like  tho.fo  of  all  cnarthrodial  joints,  are 
very  extensive  ;  they  are  flexion,  extension,  adduction,  abduction,  circumduction, 
ind  rotation. 

The  hip-joint  presents  a  very  striking  contrast  to  the  other  great  cnarthrodial 
joint — the  shoulder — in  the  much  more  complete  mechanical  arrangements  for  its 
security  and  for  the  limitation  of  its  movements.  In  the  shoulder,  as  we  have  seen, 
the  head  of  the  humerus  is  not  adapted  at  all  in  shape  to  the  glenoid  cavity,  and  is 
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hardly  restrained  in  any  of  its  ordinary  movements  by  the  capsular  ligament.  In 
the  hip-joint,  on  the  contrary,  the  head  of  the  femur  is  closely  fitted  to  the  acetab- 
ulum for  a  distance  extending  over  nearly  half  a  sphere,  and  at  the  margin  of 
the  bony  cup  it  is  still  more  closely  embraced  by  the  ligamentous  ring  of  the 
cotyloid  ligament,  so  that  the  head  of  the  femur  is  held  in  its  place  by  that 
ligament  even  when  the  fibres  of  the  capsule  have  been  quite  divided  (Humphry). 
The  anterior  portion  of  the  capsule,  described  as  the  ilio-femoral  or  accessory 
ligament,  is  the  strongest  of  all  the  ligaments  in  the  body,  and  is  put  on  the  stretch 
by  any  attempt  to  extend  the  femur  beyond  a  straight  line  with  the  trunk.  That 
is  to  say,  this  ligament  is  the  chief  agent  in  maintaining  the  erect  position  without 
muscular  fatigue,  the  action  of  the  extensor  muscles  of  the  buttock  being  balanced 
by  the  tension  of  the  ilio-femoral  and  capsular  ligaments.  The  security  of  the 
joint  may  be  also  provided  for  by  the  two  bones  being  directly  united  through 
the  ligamentum  teres;  but  it  is  doubtful  whether  this  so-called  ligament  can 
have  much  influence  upon  the  mechanism  of  the  joint.  Flexion  of  the  hip-joint 
is  arrested  by  the  soft  parts  of  the  thigh  and  abdomen  being  brought  into 
contact ;  *  extension,  by  the  tension  of  the  ilio-femoral  ligament  and  front  of  the 
capsule ;  adduction,  by  the  thighs  coming  into  contact ;  adduction,  with  flexion  by 
the  outer  band  of  the  ilio-femoral  ligament,  the  ilio-trochanteric  ligament,  the 
outer  part  of  the  capsular  ligament ;  abduction,  by  the  inner  band  of  the  ilio-femoral 
ligament  and  the  pubo-femoral  band ;  rotation  outward,  by  the  outer  band  of  the 
ilio-femoral  ligament ;  and  rotation  inward,  by  the  ischio-capsular  ligament  and 
the  hinder  part  of  the  capsule.  The  muscles  which  flex  the  femur  on  the  pelvis 
are  the  Psoas,  Iliacus,  Rectus,  Sartorius,  Pectineus,  Adductor  longus  and  brevis, 

and  the  anterior  fibres  of  the  Gluteus  medius  and  minimus.     Extension  is  mainlv 

* 

performed  by  the  Gluteus  maximus,  assisted  by  the  hamstring  muscles.  The 
thigh  is  adducted  by  the  Adductor  magnus,  longus  and  brevis,  the  Pectineus, 
and  Gracilis,  and  abducted  by  the  Gluteus  maximus,  medius,  and  minimus.  The 
muscles  which  rotate  the  thigh  inward  are  the  anterior  fibres  of  the  Gluteus 
medius,  the  Gluteus  minimus,  and  the  Tensor  vaginae  femoris ;  while  those  which 
rotate  it  outward  are  the  posterior  fibres  of  the  Gluteus  medius,  the  Pyriformis, 
Obturator  externus  and  internus.  Gemellus  superior  and  inferior,  Quadratus  femoris. 
Psoas,  Iliacus,  Gluteus  maximus,  the  three  Adductor,  the  Pectineus,  and  the 
Sartorius. 

Surfoce  Form. — A  line  drawn  from  the  anterior  superior  spinous  process  of  the  ilium  to 
the  most  prominent  part  of  the  tuberosity  of  the  ischium  (Nekton's  line)  runs  through  the 
centre  of  the  acetabulum,  and  would,  therefore,  indicate  the  level  of  the  hip-joint ;  or,  in  other 
words,  the  upper  border  of  the  great  trochanter,  which  lies  on  N^laton's  line,  is  on  a  level  with 
the  centre  oi  the  hip-joint. 

Surgical  Anatomy. — In  dislocation  of  the  hip  ''  the  head  of  the  thi^h-bone  may  rest  at 
any  point  around  its  socket "  (Bryant) ;  but  whatever  position  the  head  ultimately  assumes,  the 
primary  displacement  is  generally  downward  and  inward,  the  capsule  giving  way  at  its  weakest — 
that  is,  its  lower  and  inner — part.  The  situation  that  the  head  of  the  bone  subsequently  assumes 
is  determined  by  the  degree  of  flexion  or  extension,  and  of  outward  or  inward  rotation  of 
the  thigh  at  the  moment  of  luxation,  influenced,  no  doubt,  bv  the  ilio-femoral  ligament,  which 
is  not  easily  ruptured.  When,  for  instance,  the  head  is  forced  backward,  this  ligament  forms  a 
fixed  axis,  round  which  the  head  of  the  bone  rotates,  and  is  thus  driven  on  to  the  dorsum  of  the 
ilium.  The  ilio-femoral  ligament  also  influences  the  position  of  the  thi^h  in  the  various  disloca- 
tions :  in  the  dislocations  backward  it  is  tense,  and  produces  inversion  of  the  limb ;  in  the 
dislocation  on  to  the  pubes  it  is  relaxed,  and  therefore  allows  the  external  rotators  to  evert  the 
thigh :  while  in  the  thyroid  dislocation  it  is  tense  and  produces  flexion.  The  muscles  inserted 
into  the  upper  fjart  of  the  femur,  with  the  exception  of  the  Obturator  internus,  have  very  litlle 
direct  influence  in  determining  the  position  of  the  bone.  But  Bigelow  has  endeavored  to  show 
that  the  Obturator  internus  is  the  principal  agent  in  determining  whether,  in  the  backward 
dislocations,  the  head  of  the  bone  shall  be  ultimately  lodged  on  the  dorsum  of  the  ilium  or  in 
or  near  the  sciatic  notch.  In  both  dislocations  the  head  passes,  in  the  first  instance,  in  the 
same  direction  ;  but,  as  Bigelow  asserts,  in  the  displacement  on  to  the  dorsum,  the  head  of  the 
bone  travels  up  behind  the  acetabulum,  between  the  muscle  and  the  pelvis ;  while  in  the  disloca- 

*  The  hip-joint  cannot  be  completely  flexed,  in  most  persons,  without  at  the  same  time  flexing 
the  knee,  on  account  of  the  shortness  of  the  hamstring  muscles. — Cleland,  Jow^n,  of  Anai.  and  PAy«., 
No.  1,  Old  Series,  p.  87. 
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tion  into  the  sciatic  notch,  the  head  passes  beliind  the  muscle,  and  is  therefore  prevented  from 
reaching  the  dorsum,  in  consequence  of  the  tendon  of  the  muscle  arching  over  the  neck  of  the 
bone,  and  so  remains  in  the  neighborhood  of  the  sciatic  notch.  Bigelow,  therefore,  distinguishes 
these  two  forms  of  dislocation  by  describing  them  as  dislocations  backward,  *^  above  and  below," 
the  Obturator  intemus. 

The  ilio-femoral  ligament  is  rarely  torn  in  dislocations  of  the  hip,  and  this  fact  is  taken 
advantage  of  by  the  surgeon  in  reducing  these  dislocations  by  manipulation.  It  is  made  to  act 
as  a  fulcrum  to  a  lever,  of  which  the  long  arm  is  the  shail  of  the  femur,  and  the  short  arm  the 
neck  of  the  bone. 

The  bip-Joint  is  rarely  the  seat  of  acute  synovitis  from  iiyury,  on  account  of  its  deep 
p(^tion  ana  its  thick  covering  of  soft  parts.  Acute  inflammation  may,  and  does,  frequently 
occur  as  the  result  of  constitutional  conditions,  as  rheumatism,  pvapmia,  etc.  When,  in  these 
cases,  effusion  takes  place,  and  the  joint  becomes  distended  with  fluid,  the  swelling  is  not  very 
easy  to  detect  on  account  of  the  thickness  of  the  capsule  and  the  depth  of  the  articulation.  It 
is  principally  to  be  found  on  the  front  of  the  joint,  just  internal  to  the  ilio-femoral  ligament ; 
or  behind,  at  the  lower  and  back  part.  In  these  two  places  the  capsule  is  thinner  than 
elsewhere.  Disease  of  the  hip-joint  is  much  more  frequently  of  a  chronic  character  and  is 
u^qially  of  a  tubercular  origin.  It  begins  either  in  the  bones  or  in  the  synovial  membrane, 
more  fr^uently  in  the  former,  and  probably,  in  most  cases,  at  the  growing,  highly  vascular 
tissue  in  tne  neighborhood  of  the  epiphysial  cartilage.  In  this  respect  it  differs  very  materially 
irom  tubercular  arthritis  of  the  knee,  where  the  disease  usually  commences  in  the  synovial 
membrane.  The  reasons  for  this  are  twofold :  first,  this  part  being  the  centre  of  rapid  growth, 
its  nutrition  is  unstable  and  apt  to  pass  into  inflammatory  action;  and,  secondlv,  great 
strain  is  thrown  upon  it,  from  the  frequency  of  falls  and  blows  upon  the  hip,  which  causes 
crushing  of  the  epiphysial  cartilage  or  the  cancellous  tissue  in  its  neighborhood,  with  the  results 
likely  to  follow  such  an  iiyury.  In  addition  to  these,  the  depth  of  the  joint  protects  it  from  the 
causes  of  synovitis. 

In  chronic  hip-disease  the  affected  limb  assumes  an  altered  position,  the  cause  of  which  it 
is  important  to  understand.  In  the  early  stage  of  a  typical  case  the  limb  is  flexed,  abducted, 
and  rotated  outward.  In  this  position  all  the  ligaments  of  the  joint  are  relaxed  :  the  front  of 
the  capsule  by  flexion ;  the  outer  band  of  the  ilio-femoral  ligament  by  abduction ;  and  the 
inner  band  of  this  ligament  and  the  back  of  the  capsule  by  rotation  outward.  It  is,  therefore, 
the  position  of  the  greatest  ease.  The  condition  is  not  quite  obvious  at  first  upon  examining  a 
patient.  If  the  patient  is  laid  in  the  supine  position,  the  affiected  limb  will  be  found  to  be 
extended  and  parallel  with  the  other.  But  it  will  be  found  that  the  pelvis  is  tilted  downward 
on  the  diseased  side  and  the  Hmb  apparently  longer  than  its  fellow,  and  that  the  lumbar 
spine  is  arched  forward  (lordosis).  It  now  the  thigh  is  abducted  and  flexed,  the  tilting  down- 
ward and  the  arching  forward  of  the  pelvis  disappears.  The  condition  is  thus  explained.  A 
Kmb  which  is  flexed  and  abducted  is  ooviously  useless  for  progression,  and,  in  order  to  over- 
come the  difficulty,  the  patient  depresses  the  affected  side  of  his  pelvis  in  order  to  produce 
parallehsm  of  his  limbs,  and  at  the  same  time  rotates  his  pelvis  on  its  transverse  horizontal  axis, 
so  as  to  direct  the  Umb  downward  instead  of  forward.  In  the  latter  stages  of  the  disease  the 
limb  becomes  flexed  and  abducted  and  inverted.  This  position  probably  depends  upon  muscular 
action,  at  all  events  as  regards  the  adduction.  The  Adductor  muscles  are  supplied  by  the 
obturator  nerve,  which  also  largely  supplies  the  joint.  These  muscles  are  therefore  thrown  into 
reflex  action  by  the  irritation  of  the  peripheral  terminations  of  this  nerve  in  the  inflamed  artic- 
oktion.  Osteo-arthritis  is  not  uncommon  in  the  hip-joint,  and  it  is  said  to  be  more  common  in 
the  male  than  in  the  female,  in  whom  the  knee-joint  is  more  frtK)uently  affected.  It  is  a  disease 
of  middle  age  or  more  advanced  period  of  life. 

Congenita]  dislocation  is  more  commonly  met  with  in  the  hip-joint  than  in  any  other  articula- 
tion. The  displacement  usually  takes  place  on  to  the  dorsum  ilii.  It  gives  rise  to  extreme 
bntlosis,  and  a  waddling  gait  is  noticed  as  soon  as  the  child  commences  to  walk. 

Excision  of  the  hip  may  be  required  for  disease  or  for  injury,  especially  gunshot.  It  may 
be  performed  either  by  an  anterior  incision  or  a  posterior  one.  Tne  former  one  entails  less 
interference  with  important  structures,  especially  muscles,  than  the  posterior  one,  but  permits 
of  less  efficient  drainage.  In  these  days,  however,  when  the  surgeon  aims  at  securing 
healing  of  his  wound  without  suppuration,  this  second  desideratum  is  not  of  so  much  import- 
ance. In  the  operation  in  front  the  surgeon  makes  an  incision  three  to  four  inches  in  length, 
starting  immediately  below  and  external  to  the  anterior  superior  spinous  process  of  the  ilium, 
downward  and  inward  between  the  Sartorius  and  Tensor  vaginae  femoris,  to  the  neck  of  the 
bone,  dividing  the  capsule  at  its  upper  part.  A  narrow-bladed  saw  now  divides  the  neck  of  the 
femur,  and  the  heaa  of  the  bone  is  extracted  with  seauestrum  forceps.  All  diseased  tissue  is 
carefully  removed  with  a  sharp  spoon  or  scissors,  and  tne  cavity  thoroughly  flushed  out  with  a 
hot  antiseptic  fluid. 

The  posterior  method  consists  in  making  an  incision  three  or  four  inches  long,  commencing 
midway  between  the  top  of  the  great  trochanter  and  the  anterior  superior  spine,  and  ending 
over  the  shaft,  just  below  the  trochanter.  The  muscles  are  detached  from  the  great  trochanter, 
and  the  capsule  opened  finely.  The  head  and  neck  are  freed  from  the  soft  parts  and  the  bone 
sawn  through  just  below  the  top  of  the  trochanter  with  a  narrow  saw.  The  head  of  the  bone  is 
then  levered  out  of  the  acetabulum.  In  both  operations,  if  the  acetabulum  is  eroded,  it  must  be 
fredy  gouged. 

24 
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II.   Knee-joint. 

The  knee-joint  was  formerly  described  as  a  ginglymus  or  hinge-joint,  but  is 
really  of  a  much  more  complicated  character.  It  must  be  regarded  as  consisting 
of  three  articulations  together :  one  between  each  condyle  of  the  femur  and  the 
corresponding  tuberosity  of  the  tibia,  which  are  condyloid  joints,  and  one  between 
the  patella  and  the  femur,  which  is  partly  arthrodial,  but  not  completely  so,  since 
the  articular  surfaces  are  not  mutually  adapted  to  each  other,  so  that  the  movement 
is  not  a  simple  gliding  one.  This  view  of  the  construction  of  the  knee-joint  receives 
confirmation  from  the  study  of  the  articulation  in  some  of  the  lower  mammals, 
where  three  synovial  membranes  are  sometimes  found,  corresponding  to  these  three 
subdivisions,  either  entirely  distinct  or  only  connected  together  by  small  communi- 
cations. This  view  is  further  rendered  probable  by  the  existence  of  the  two  crucial 
ligaments  within  the  joint,  which  must  be  regarded  as  the  external  and  internal 
lateral  ligaments  of  the  inner  and  outer  joints  respectively.  The  existence  of 
the  ligamentum  mucosum  would  further  indicate  a  tendency  to  separation  of  the 
synovial  cavity  into  two  minor  sacs,  one  corresponding  to  each  joint. 

The  bones  entering  into  the  fonnation  of  the  knee-joint  are  the  condyles  of  the 
femur  above,  the  head  of  the  tibia  below,  and  the  patella  in  front.  The  bones  are 
connected  together  by  ligaments,  some  of  which  are  placed  on  the  exterior  of  the 
joint,  while  others  occupy  its  interior. 

External  Ligaments,  Interior  Ligaments. 

Anterior,    or     Ligamentum  Pa-           Anterior,  or  External  Crucial. 

tellae.  Posterior,  or  Internal  Crucial. 

Posterior,    or   Ligamentum  Pos-           Two  Semilunar  Fibro-cartilages. 

ticum  Winslowii.  Transverse. 

Internal  Lateral.  Coronarv. 

Two  External  Lateral.  Ligamentum  mucosum. 

Capsular.  Ligamenta  alaria. 

The  Anterior  Ligament,  or  Ligamentum  Patellae  (Fig.  257),  is  the  central 
portion  of  the  common  tendon  of  the  Extensor  muscles  of  the  thigh  which  is 
continued  from  the  patella  to  the  tubercle  of  the  tibia,  supplying  the  place  of  an 
anterior  ligament.  It  is  a  strong,  flat,  ligamentous  band  about  three  inches  in 
length,  attache^,  above,  to  the  apex  of  the  patella  and  the  rough  depression  on  its 
posterior  surface ;  below,  to  the  lower  part  of  the  tubercle  of  the  tibia,  its  superficial 
fibres  being  continuous  over  the  front  of  the  patella  with  those  of  the  tendon  of  the 
Quadriceps  extensor.  The  lateral  portions  of  the  tendon  of  the  Extensor  muscles 
pass  down  on  either  side  of  the  patella^  attached  to  the  borders  of  this  bone  and  its 
ligament,  to  be  inserted  into  the  upper  extremity  of  the  tibia  on  each  side  of  the 
tubercle ;  externally,  these  portions  merge  into  the  capsular  ligament.  They  are 
termed  lateral  patellar  ligaments.  The  posterior  surface  of  the  ligamentum  patellae 
can  usually  be  easily  separated  from  the  front  of  the  capsular  ligament. 

The  Posterior  Ligament  (Ligamentum  Posticum  Winslowii)  (Fig.  258)  is  a 
broad,  flat,  fibrous  band  formed  of  fiisciculi,  obliquely  directed,  and  separated  from 
one  another  by  apertures  for  the  passage  of  vessels  and  nerves.  The  strongest  of 
these  fasciculi  is  derived  from  the  tendon  of  the  Semimembranosus,  and  passes  from 
the  back  part  of  the  inner  tuberosity  of  the  tibia  obliquely  upward  and  outward  to 
the  back  part  of  the  outer  condyle  of  the  femur.  The  posterior  ligament  forms 
part  of  the  floor  of  the  popliteal  space,  and  the  popliteal  artery  rests  upon  it. 

The  Internal  Lateral  Ligament  is  a  broad,  flat,  membranous  band,  thicker 
behind  than  in  front,  and  situated  nearer  to  the  back  than  the  front  of  the  joint. 
It  is  attached,  above,  to  the  inner  tuberosity  of  the  femur ;  below,  to  the  inner 
tuberosity  and  inner  surface  of  the  shaft  of  the  tibia  to  the  extent  of  about  two 
inches.  It  is  crossed,  at  its  lower  part,  by  the  tendons  of  the  Sartorius,  Gi'acilis, 
and  Semitendinosus  muscles,  a  synovial  bursa  being  interposed.  Its  deep  surfare 
covers  the  anterior  portion  of  the  tendon  of  the  Semimembranosus,  the  synovial 
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membrane  of  the  Joint,  and  the  inferior  internal  articular  vessels  a 
intimately  adherent  to  the  internal  semilunar  fibro-cartilage. 


F[G,  riT.— Right  knee-joint.    Anterior  view.  Fio.  2S8.— Right  Imee-Jolnt.    PoiWrlor  view. 

The  Long  External  Lateral  Ligament  is  a  strong,  rounded,  fibrous  cord  situated 
nearer  to  the  back  than  the  front  of  the  joint.  It  is  attached,  above,  to  the  back 
part  of  the  outer  tuberosity  of  the  femur ;  below,  to  the  outer  part  of  the  head  of 
the  fibula.  Its  outer  surface  is  covered  by  the  tendon  of  the  Bicepa,  which  divides 
at  its  insertion  into  two  parts,  separated  by  the  ligament.  The  ligament  has, 
passing  beneath  it,  the  tendon  of  the  Popliteus  muscle  and  the  inferior  external 
articular  vessels  and  nerve. 

The  Short  External  Lateral  Ligament  is  an  accessory  bundle  of  fibres  placed 
behind  and  parallel  with  the  preceding,  attached,  above,  to  the  lower  and  back 
part  of  the  outer  tuberosity  of  the  femur;  below,  to  the  summit  of  the  styloid 
process  of  the  fibula.  This  ligament  is  intimately  connected  with  the  capsular 
ligament,  and  has,  passing  beneath  it,  the  tendon  of  the  Popliteus  muscle  and 
the  inferior  e.\ternal  articular  vessels  and  nerve. 

The  Oapsnlar  Ligament  consists  of  an  exceedingly  thin  but  strong,  fibrous 
membrane  which  fills  in  the  intervals  left  between  the  stronger  bands  above 
described,  und  is  inseparably  connected  with  them.  In  front  it  blends  with  the 
lateral  patellar  ligaments  and  fills  in  the  interval  between  the  anterior  and 
lateral  ligaments  of  the  joint,  with  which  latter  structures  it  is  closely  connected. 
Behind,  it  is  strong,  and  formed  chiefly  of  vertical  fibres,  which  arise  above  from 
the  condyles  and  intercimdyloid  notch  of  the  femur,  and  is  connected  below  with 
the  back  part  of  the  head  of  the  tibia,  being  closely  united  with  the  origins  of 
the  Gastrocnemius,  Plantaris,  and  Popliteus  muscles.  It  passes  in  front  of,  but  is 
inseparably  connected  with,  the  posterior  ligament. 

The  Crucial  are  two  interosseous  ligaments  of  considerable  strength  situated 
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in  the  interior  of  the  joint,  nearer  its  posterior  than  its  anterior  part.     Thej  are 

called  crucial  because  thev  cross  each  other  somewhat  like  the  Hnes  of  the  letter 

X ;   and   have  received   the  names  anterior 

Femwr.     ,  a„j  posterior,    from    the    position    of    their 

attachment  to  the  tibia. 

The  Anterior,  or  External  Cmciai  Liga- 
ment (Fig.  259),  is  attached  to  the  depres- 
sion in  front  of  the  apine  of  the  tibia,  being 
blended  with  the  anterior  extremity  of  the 
external  semilunar  fibro-cartilage.  and.  pass- 
ing obliquely  upward,  backward,  and  out- 
ward, is  inserted  into  the  inner  and  back 
part  of  the  outer  condyle  of  the  femur.  Its 
direction  is  upward,  backward,  and  outward. 
The  Posterior,  or  Internal  Crucial  Lig- 
ament, is  stronger,  but  shorter  and  less  ob- 
lii|ue  in  its  direction,  than  the  anterior.  It 
is  attached  to  the  back  part  of  the  depres- 
sion behind  the  spine  of  the  tibia,  to  the 
popliteal  notch,  and  to  ibe  posterior  extrem- 
ity of  the  external  semilunar  fibro-cartilage; 
and  passes  upward,  forward,  and  inward,  to 
be  inserted  into  the  outer  and  fore  part  of 
the  inner  condyle  of  the  femur.  As  it 
crosses  the  anterior  crucial  ligament  a  fas- 
ciculus is  given  off  from  it,  which  blends  with 
the  posterior  part  of  that  ligament.  It  is 
in  relation,  in  front,  with  the  anterior 
crucial  ligament;  behind,  with  the  capsular 
ligament, 
mil  Ti^i^iw^'**"  """■■J""'*-  ^"""'"^  ""*''-  The  Semilunar  Fibro-cartUages  {Fig.  260) 

are  two  crescentic  lamella  which  serve  lo 
deepen  the  surface  of  the  head  of  the  tibia,  for  articulation  with  the  condyles  of 
the  femur.  The  circumference  of  each  cartilage  is  thick,  convex,  and  attached  to 
the  inside  of  the  capsule  of   the  knee ;    the  inner  border  is  thin,  concave  and 

free.  Their  upper  surfaces 
are  concave,  and  in  relation 
with  the  condyles  of  the 
femur;  their  lower  surfeces 
are  flat,  and  rest  upon  the 
head  of  the  tibia.  Each  car- 
tilage covers  nearly  the  outer 
two-thirds  of  the  corresjwnd- 
ing  articular  surface  of  the 
tibia,  leaving  the  inner  third 
uncovered ;  both  surfaces  are 
smooth  and  invested  by  syno- 
vial membrane. 

The  Internal  Semilimar 
Fibro-cartilage  is  nearly  sem- 
.arc«niiflg.s,i-ie,  s..,.  from  i^ircular  in  form,  a"  little 
elongated  from  before  back- 
ward, and  broader  behind  than  in  front;  its  anterior  extremity,  thin  and  pointed. 
is  attached  to  a  depression  on  the  anterior  margin  of  the  head  of  the  tibia,  in 
front  of  the  anterior  crucial  ligament;  its  posterior  extremity  is  attached  to  the 
depression  behind  the  spine,  between  the  attachments  of  the  external  semilunar 
fibro-cartilage  and  the  posterior  crucial  ligaments. 
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The  External  Semilunar  Fibro-cartilage  forms  nearly  nn  entire  circle,  covering 
a  larger  portion  of  the  articular  surface  than  the  internal  one.     It  is  grooved  on 
its  outer  aide  for  the  tendon 
of  the  Popliteus  muscle.     Its 
extremities,  at  their  insertion, 
are  interposed    between    the 
two  extremities  of  the  inter- 
nal semilunar  fibro-cartilage;  ' 
the  anterior  extremity  being 
attached  in  front  of  the  spine 
of  the  tibia  to  the  outer  side 
of,  and  behind,   the  anterior 
crucial  ligament,  with  which 
it  hlends ;    the  posterior  ex- 
tremity being  attached  behind 

the  spine  of  the  tibia,  in  front  j 

of  the  posterior  extremity  of 
the  internal  semilunar  fibro-l 
cartilage.  Just  before  its  in- 1 
sertion  posteriorly  it  gives  off  | 
a  strong  fasciculus,  which  \ 
passes  oblique! J  upward  and 
outward,  to  be  inserted  into 
the  inner  condyle  of  the 
femur,  close  to  the  attach- 
ment of  the  posterior  crucial 
ligament.  Occasionally  a 
small  fasciculus  is  given  off 
which  passes  forward  to  be 
inserted  into  the  back  part 
of  the  anterior  crucial  lig- 
ament. The  external  semi- 
lunar tibro-cartilage  gives  off 
from  its  anterior  convex  mar- 
gin a  fasciculus  which  forms 
the  transverse  ligament. 

Th^  TransTeisfi  Ligament 

\<t     a     lian.!      of     fibrpx     whipli     ^     Fio  ML-LoiiRlludlnal  lection  through  the  middle  of  Ihe  right 

IS     a    oami     oi     nores    wnicn    koee-jolm.    (After  Braune.) 

parses  transversely  from  the 

anterior  convex  margin  of  the  external  semilunar  fibro-cartilage  to  the  anterior 

convex   margin   of  the  internal   semilunar  Hbro-cartilage ;    its  thickness  varies 

considerably  in  different  subjects,  and  it  is  sometimes  absent  altogether. 

The  Coronary  Ligaments  are  merely  portions  of  the  capsular  ligament,  which 
connect  the  circumference  of  each  of  the  semilunar  fibro-cartilages  with  the 
margin  of  the  head  of  the  tibia. 

The  Synovial  Membrane  of  the  knee-joint  is  the  largest  and  most  extensive  in 
the  body.  Commencing  at  the  upper  bolder  of  the  patella,  it  forms  a  short  cul-de- 
sac  beneath  the  Quadriceps  extensor  tendon  of  the  thigh,  on  the  Igwer  part  of  the 
front  of  the  shaft  of  the  femur;  this  communicates  with  a  synovial  bursa  inter- 
posed between  the  tendon  and  the  front  of  the  femur  by  an  orifice  of  variable  size. 
On  each  side  of  the  patella  the  synovial  membrane  extends  beneath  the  aponeurosis 
of  the  Vasti  muscles,  and  more  especially  beneath  that  of  the 'Vastus  internus. 
Below  the  patella  it  is  separated  from  the  anterior  ligament  by  the  anterior  part 
of  the  capsule  and  a  considerable  quantity  of  adipose  tissue.  In  this  situation  it 
sends  off  a  triangular  prolongation,  containing  a  few  ligamentous  fibres,  which 
extends  from  the  anterior  part  of  the  joint  below  the  patella  to  the  front  of  the 
intercondyloid  notch.     This  fold  has  been  tenued  the  liffamentum  mucosum.     It 
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also  sends  off  two  fringe-like  folds,  called  the  ligamenta  alaria^  which  extend  from 
the  sides  of  the  ligamentum  mucosum,  upward  and  laterally  between  the  patella 
and  femur.  On  either  side  of  the  joint  it  passes  downward  from  the  femur,  lining 
the  capsule  to  its  point  of  attachment  to  the  semilunar  cartilages ;  it  may  then  be 
traced  over  the  upper  surfaces  of  these  cartilages  to  their  free  borders,  and  from 
thence  along  their  under  surfaces  to  the  tibia.  At  the  back  part  of  the  external 
one  it  forms  a  cul-de-sac  between  the  groove  on  its  surface  and  the  tendon  of  the 
Popliteus ;  it  surrounds  the  crucial  ligaments  and  lines  the  inner  surface  of  the 
ligaments  which  enclose  the  joints.  The  pouch  of  synovial  membrane  between 
the  Extensor  tendon  and  front  of  the  femur  is  supported,  during  the  movements 
of  the  knee,  by  a  small  muscle,  the  Subcrureus,  which  is  inserted  into  the  upper 
part  of  the  capsular  ligament. 

The  folds  of  synovial  membrane  and  the  fatty  processes  contained  in  them  act. 
as  it  seems,  mainly  as  padding  to  fill  up  interspaces  and  obviate  concussions. 
Sometimes  the  bursa  beneath  the  Quadriceps  extensor  is  completely  shut  off  from 
the  rest  of  the  synovial  cavity,  thus  forming  a  closed  sac  between  the  Quadriceps 
and  the  lower  part  of  the  front  of  the  femur,  or  it  may  communicate  with  the 
synovial  cavity  by  a  minute  aperture. 

The  bursae  about  the  knee-joint  are  the  following: 

In  front  there  are  three  bursae :  one  is  interposed  between  the  patella  and  the 
skin ;  another,  of  small  size,  between  the  upper  part  of  the  tuberosity  of  the  tibia 
and  the  ligamentum  patellae  ;  and  a  third  between  the  lower  part  of  the  tuberosity 
of  the  tibia  and  the  skin.  On  the  outer  side  there  are  four  bursae :  (1)  one  beneath 
the  outer  head  of  the  Gastrocnemius  (which  sometimes  communicates  with  the 
joint) ;  (2)  one  above  the  external  lateral  ligament  between  it  and  the  tendon  of 
the  Biceps ;  (3)  one  beneath  the  external  lateral  ligament  between  it  and  the  ten- 
don of  the  Popliteus  (this  is  sometimes  only  an  expansion  from  the  next  bui-sa)  ; 
(4)  one  beneath  the  tendon  of  the  Popliteus  between  it  and  the  condyle  of  the  femur, 
which  is  almost  always  an  extension  from  the  synovial  membrane. 

On  the  inner  side  there  are  five  bursae  :  (1)  one  beneath  the  inner  head  of  the 
Gastrocnemius,  which  sends  a  prolongation  between  the  tendons  of  the  Gastro- 
cnemius and  Semimembranosus :  this  bursa  often  communicates  with  the  joint ; 
f2)  one  above  the  internal  lateral  ligament  between  it  and  the  tendons  of  the 
Sartorius,  Gracilis,  and  Semitendinosus ;  (3)  one  beneath  the  internal  lateral 
ligament  between  it  and  the  tendon  of  the  Semimembranosus :  this  is  sometimes 
only  an  expansion  from  the  next  bursa ;  (4)  one  beneath  the  tendon  of  the  Semi- 
membranosus, between  it  and  the  head  of  the  tibia ;  (5)  sometimes  there  is  a  bursa 
between  the  tendons  of  the  Semimembranosus  and  of  the  Semitendinosus. 

Structures  around  the  Joint. — In  front  and  at  the  sides,  the  Quadriceps  exten- 
sor ;  on  the  outer  side,  the  tendons  of  the  Biceps  and  the  Popliteus  and  the 
external  popliteal  nerve ;  on  the  inner  side,  the  Sartorius,  Gracilis,  Semitendinosus, 
and  Semimembranosus  ;  behind,  an  expansion  from  the  tendon  of  the  Semimembra- 
nosus, the  popliteal  vessels,  and  the  internal  popliteal  nerve,  Popliteus,  Plantaris, 
and  inner  and  outer  heads  of  the  Gastrocnemius,  some  lymphatic  glands,  and 
fat. 

The  Arteries  supplying  the  joint  are  derived  from  the  anastomotica  magna 
branch  of  the  femoral,  articular  branches  of  the  popliteal,  anterior  and  posterior 
recurrent  branches  of  the  anterior  tibial,  and  descending  branch  from  the  external 
circumflex  of  the  Profunda. 

The  Nerves  are  derived  from  the  obturator,  anterior  crural,  and  external  and 
internal  popliteal. 

Actions. — The  knee-joint  permits  of  movements  of  flexion  and  extension,  and, 
in  certain  positions,  of  slight  rotation  inward  and  outward.  The  movement  of 
flexion  and  extension  does  not,  however,  take  place  in  a  simple,  hinge-like  man- 
ner, as  in  other  joints,  but  is  a  complicated  movement,  consisting  of  a  certain 
amount  of  gliding  and  rotation  ;  so  that  the  same  part  of  one  articular  surface  is 
not  always  applied  to  the  same  part  of  the  other  articular  surface,  and  the  axis 
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of  motion  ia  not  a  fixed  one.     If  the  joint  is  examined  while  in  a  condition  of 

extreme  flexion,  the  posterior  part  of  the  articular  aurfaces 

of  the  tibia  will  be  found  to  be  in  contact  with  the  posterior 

rounded  extremities  of  the  condyles  of  the  femur  ;  and  if 

a   simple  hinge-like  movement    were  to  take  place,  the 

axis,  round  which   the  revolving  movement  of  the  tibia 

occurs,  would  be  in  the  back  part  of  the  condyle.     If  the 

leg  is  now  brought  forward  into  a  position  of  semitlexion, 

the   upper  surface  of  the  tibia  will  be  seen   to  glide  over 

the  condyles  of  the  femur,  so  that  the  middle  part  of  the 

articular  facets  are  in  contact,  and  the  axis  of  rotation 

must  therefore  have  shifted  forward  to  nearer  the  centre  p,g    jdi-view   of  the 

of  the  condyles.     If  the  lee   is    now  broueht   into   the     posierior  surfuce  or  the  i»- 

,     ,  ■-   .  -11     1.        1  1.1-  1  1  1       tella,  ehowHut    dmarammal- 

extendeu  position,  a  -still  further  gliding  takes  place  and  icaiiy  ihc  areas  or  contni't 
a  further  shifting  forward  of  the  axis  of  rotation.  This  poeitious  ort^e'knee.  *""' 
is  not,  however,  a  simple  movement,  but  is  accompanied 

by  a  certain  amount  of  rotation  outward  round  a  vertical  axis  drawn  through  the 
centre  of  the  head  of  the  tibia.  This  rotation  is  due  to  the  greater  length  of  the 
internal  condyle,  and  to  the  fact  that  the  anterior  portion  of  ita  articular  surface 
is  inclined  obliquely  outward.  In  consequence  of  this  it  will  be  seen  that  toward 
the  close  of  the  movement  of  extension — that  is  to  say,  just  before  complete 
extension  is  effected — the  tibia  glides  obliquely  upward  and  outward  over  this 
oblique  surface  of  the  inner  condyle,  and  the  leg  is  therefore  necessarily  rotated 
outward.  In  flexion  of  the  joint  the  converse  of  these  movements  takes  place: 
the  tibia  glides  backward  round  the  end  of  the  femur,  and  at  the  commencement 
of  the  movement  the  tibia  is  directed  downward  and  inward  along  the  oblique 
curve  of  the  inner  condyle,  thus  causing  an  inward  rotation  to  tne  leg. 

During  flexion  and  extension  the  patella  moves  on  the  lower  end  of  the  femur, 
but  this  movement  is  not  a  simple  gliding  one ;  for  if  the  articular  surface  of  this 
bone  is  examined,  it  will  be  found  to  present  on  each  side  of  the  centra!  vertical 
ridge  two  less  marked  transverse  ridges,  which  divide  the  surface,  except  a  small 
portion  along  the  inner  border,  which  is  cut  off  by  a  slight  vertical  ridge  into 
six  facets  (see  Fig.  262),  and  therefore  does  not  present  a  uniform  curved  sur- 
face, as  would  be  the  case  if  a  simple  gliding  movement  took  place.  These  six 
facets — three  on  each  side  of  the  median  vertical  ridge — correspond  to  and  denote 
the  parts  of  the  bone  respectively  in  contact  with  the  condyles  of  the  femur  during 
flexion,  semiflexion,  and  extension.  In  flexion  only  the  upper  facets  on  the  patella 
are  in  contact  with  the  condyles  of  the  femur;  the  lower  two-thirds  of  the  bone 
rests  upon  the  mass  of  fat  which  occupies  the  space  between  the  femur  and  tibia. 
In  the  semiflexed  position  of  the  joint  the  middle  facets  on  the  patella  rest  upon 
the  most  prominent  portion  of  the  condyles,  and  thus  afford  greater  leverage  to 
the  Quadriceps  by  increasing  its  distance  from  the  centre  of  motion.  In  complete 
extension  the  patella  is  drawn  up,  so  that  only  the  lower  facets  are  in  contact  with 
the  articular  surfaces  of  the  condyles.  The  narrow  strip  along  the  inner  border 
is  an  exception  to  this,  and  would  appear  to  be  in  contact  with  the  internal  condyle 
throughout  its  whole  extent  in  every  position  of  the  joint.  As  in  the  elbow,  so  it 
is  in  the  knee — the  axis  of  rotation  in  flexion  and  extension  is  not  precisely  at 
right  angles  to  the  axis  of  the  bone,  but  during  flexion  there  is  a  certain  amount 
of  alteration  of  plane;  so  that,  whereas  in  flexion  the  femur  and  tibia  are  in  the 
same  plane,  in  extension  the  one  bone  forms  an  angle  of  about  ten  degrees  with 
the  other.  There  is,  however,  this  difference  between  the  two  extremities:  that 
in  the  upper,  during  extension,  the  humeri  are  parallel  and  the  bones  of  the 
forearm  diverge;  in  the  lower,  the  femora  converge  below  and  the  tibia  are 
parallel. 

In  addition  to  the  slight  rotation  during  flexion  and  extension,  the  tibia  enjoys 
an  independent  rotation  on  the  condyles  of  the  femur  in  certain  positions  of  the 
joint.     This  movement  takes  place  between  the  interarticular  fibro-eartilages  and 
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the  tibia,  whereas  the  movement  of  flexion  and  extension  takes  place  between  the 
interarticular  fibro-cartilages  and  the  femur.  So  that  the  knee  may  be  said  to 
consist  of  two  joints,  separated  by  the  fibro-cartilages :  an  upper  (menisco-femoral), 
in  which  flexion  and  extension  take  place ;  and  a  lower  (menisco- tibial),  allowing 
of  a  certain  amount  of  rotation.  This  latter  movement  can  only  take  place  in  the 
semiflexed  position  of  the  limb,  when  all  the  ligaments  are  relaxed. 

During  flexion  the  ligamentum  patellae  is  put  upon  the  stretch,  as  is  also 
the  posterior  crucial  ligament  in  extreme  flexion.  The  other  ligaments  are  all 
relaxed  by  flexion  of  the  joint,  though  the  relaxation  of  the  anterior  crucial  ligament 
is  very  trifling.  Flexion  is  only  checked  during  life  by  the  contact  of  the  leg  with 
the  thigh.  In  extension  the  ligamentum  patellae  becomes  relaxed,  and,  in  extreme 
extension  completely  so,  so  as  to  allow  free  lateral  movement  to  the  patella,  which 
then  rests  on  the  front  of  the  lower  end  of  the  femur.  The  other  ligaments,  with 
the  exception  of  the  posterior  crucial,  which  is  partly  relaxed,  are  all  on  the  stretch. 
When  the  limb  has  been  brought  into  a  straight  line,  extension  is  checked  mainly 
by  the  tension  of  all  the  ligaments  except  the  posterior  crucial  and  ligamentum 
patellae.  The  movements  of  rotation^  of  which  the  knee  is  capable,  are  permitted 
in  the  semiflexed  condition  by  the  partial  relaxation  of  both  crucial  ligaments,  as 
well  as  the  lateral  ligaments.  Rotation  inward  appears  to  be  limited  by  the 
tension  of  the  anterior  crucial  ligament,  and  by  the  interlocking  of  the  two  liga- 
ments ;  but  rotation  outward  does  not  appear  to  be  checked  by  either  crucial 
ligament,  since  they  uncross  during  the  execution  of  this  movement,  but  by  the 
lateral  ligaments,  especially  the  internal.  The  main  function  of  the  crucial  liga- 
ments is  to  act  as  a  direct  bond  of  union  between  the  tibia  and  femur,  preventing 
the  former  bone  from  being  carried  too  far  backward  or  forward.  Thus  the 
anterior  crucial  ligament  prevents  the  tibia  being  carried  too  far  forward  by  the 
extensor  tendons,  and  the  posterior  crucial  checks  too  great  movement  backward 
by  the  flexors.  They  also  assist  the  lateral  ligaments  in  resisting  any  lateral 
bending  of  the  joint.  The  interarticular  cartilages  are  intended,  as  it  seems, 
to  adapt  the  surface  of  the  tibia  to  the  shape  of  the  femur  to  a  certain  extent, 
so  as  to  fill  up  the  intervals  which  would  otherwise  be  left  in  the  varying 
positions  of  the  joint,  and  to  interrupt  the  jars  which  would  be  so  frequently 
transmitted  up  the  limb  in  jumping  or  falls  on  the  feet;  also  to  permit  of  the 
two  varieties  of  motion,  flexion  and  extension,  and  rotation,  as  explained  above. 
The  patella  is  a  great  defence  to  the  knee-joint  from  any  injury  inflicted  in  front, 
and  it  distributes  upon  a  large  and  tolerably  even  surface  during  kneeling  the 
pressure  which  would  otherwise  fall  upon  the  prominent  ridges  of  the  condyles ;  it 
also  affords  leverage  to  the  Quadriceps  extensor  muscle  to  act  upon  the  tibia ;  and 
Mr.  Ward  has  pointed  out  *  how  this  leverage  varies  in  the  various  positions  of  the 
joint,  so  that  the  action  of  the  muscles  produces  velocity  at  the  expense  of  force  in 
the  commencement  of  extension,  and,  on  the  contrary,  at  the  close  of  extension 
tends  to  diminish  velocity,  and  therefore  the  shock  to  the  ligaments ;  w^hilst  in  the 
standing  position  it  draws  the  tibia  powerfully  forward,  and  thus  maintains  it  in 
its  place. 

Extension  of  the  leg  on  the  thigh  is  performed  by  the  Quadriceps  extensor ; 
flexion  by  the  hamstring  muscles,  assisted  by  the  Gracilis  and  Sartorius,  and, 
indirectly,  by  the  Gastrocnemius,  Popliteus,  and  Plantaris ;  rotation  outward^  by 
the  Biceps ;  and  rotation  intvard  by  the  Popliteus,  Semitendinosus,  and,  to  a 
slight  extent,  the  Semimembranosus,  the  Sartorius,  and  the  Gracilis. 

Siurface  Form. — The  interval  between  the  two  bones  entering  into  the  formation  of  the 
knee-joint  can  alwavs  easily  be  felt.  If  the  limb  is  extended,  it  is  situated  on  a  slightly  higher  level 
than  the  apex  of  the  patella;  but  if  the  limb  is  slightly  flexed,  a  knife  carried  horizontally  back- 
ward immediately  below  the  apex  of  the  patella  would  pass  directly  into  the  joint.  When  the 
knee-joint  is  distended  with  fluid,  the  outline  of  the  synovial  membrane  at  the  front  of  the  knee 
may  be  fairly  well  mapped  out. 

Surgical  Anatomy. — From  a  consideration  of  the  construction  of  the  knee-joint  it  would 
at  first  .sight  appear  to  be  one  of  the  least  secure  of  any  of  the  joints  in  the  body.     It  is  formed 

*  Ilnnuin  Osteology y  p.  405. 
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between  the  two  longest  bones,  and  therefore  the  amount  of  leverage  which  can  be  brought  to 
bear  upon  it  is  very  considerable  ;  the  articular  surfaces  are  but  ill  adapted  to  each  other,  and 
the  ran^e  and  variety  of  motion  which  it  enioys  is  great.  All  these  circumstances  tend  to  render 
the  articulation  very  insecure ;  but,  nevertheless,  on  account  of  the  very  powerful  ligaments 
which  bind  the  bones  together,  the  joint  is  one  of  the  strongest  in  the  body,  and  dislocation 
from  traumatism  is  of  verv  rare  occurrence.  When,  on  the  other  hand,  the  ligaments  have 
been  soflened  or  destroyed  by  disease,  partial  displacement  is  very  liable  to  occur,  and  is 
frequently  brought  about  by  the  mere  action  of  the  muscles  displacing  the  articular  surfaces 
from  each  other.  The  tibia  may  be  dislocated  in  any  direction  from  the  femur — forward,  back- 
ward, inward,  or  outward  ;  or  a  combination  of  two  of  these  dislocations  may  occur — that  is,  the 
tibia  may  be  dislocated  forward  and  laterally,  or  backward  and  laterally;  and  any  of  these  dis- 
locations may  be  complete  or  incomplete.  As  a  rule,  however,  the  antero-posterior  dislocations 
are  complete,  the  lateral  ones  incomplete. 

One  or  other  of  the  semilunar  cartils^es  may  become  displaced  and  nipped  between  the 
femur  and  tibia.  The  accident  is  produced  by  a  twist  of  the  leg  when  the  knee  is  flexed,  and  is 
accompanied  by  a  sudden  pain  and  fixation  of  the  knee  in  a  flexed  position.  The  cartilage  may 
be  displaced  either  inward  or  outward :  that  is  to  sayj  either  inward  toward  the  tibial  spme,  so 
that  tne  cartilage  becomes  lodged  in  the  intercondyloid  notch ;  or  outward,  so  that  the  cartilage 
projects  beyona  the  margin  of  the  two  articulating  bones.  Acute  synovitis,  the  result  of 
traumatism  or  exposure  to  cold,  is  very  common  in  the  knee,  on  account  of  its  superficial  posi- 
tion. When  distended  with  fluid,  the  swelling  shows  itself  above  and  at  the  sides  of  the  patella, 
reaching  about  an  inch  or  more  above  the  trochlear  surface  of  the  femur,  and  extending  a  little 
higher  under  the  Vastus  intemus  than  the  Vastus  externus.  Occasionally  the  swelhng  may 
extend  two  inches  or  more.  At  the  sides  of  the  patella  the  swelling  extends  lower  at  the  inner 
side  than  it  does  on  the  outer  side.  The  lower  level  of  the  synovial  membrane  is  just  above  the 
level  of  the  upper  part  of  the  head  of  the  fibula.  In  the  middle  line  it  covers  the  upper  third 
of  the  ligamentum  ]>atellse,  being  separated  from  it,  however,  by  the  capsule  and  a  little  fat. 
Chronic  synovitis  principaliy  shows  itself  in  the  form  of  pulpy  degeneration  of  the  synovial 
membrane,  leading  to  tubercular  arthritis.  The  reasons  why  tubercular  disease  of  the  knee 
usually  commences  in  the  synovial  membrane  appear  to  be  the  complex  and  extensive  nature  of 
this  sac ;  the  extensive  va.scular  supply  to  it ;  and  the  fact  that  injuries  are  generally  diflused 
and  applied  to  the  front  of  the  jomt  rather  than  to  the  ends  of  the  bones.  Syphilitic  disease 
not  unfrequently  attacks  the  knee-joint.  In  the  hereditary  form  of  the  disease  it  is  usually 
symmetrical,  attacking  both  joints,  which  become  filled  with  synovial  effusion,  and  is  veiy 
intractable  and  diflicult  of  cure.  In  the  tertiary  form  of  the  disease  gummatous  infiltration  of 
the  synovial  membrane  may  take  place.  The  knee  is  one  of  the  joints  most  commonly  affected 
with  osteo-arthritis,  and  is  said  to  oe  more  frequently  the  seat  of  this  disease  in  women  than  in 
men.  The  occurrence  of  the  so-called  loose  cartilage  is  almost  confined  to  the  knee,  though  they 
are  occasionally  met  with  in  the  elbow,  and,  rarely,  in  some  other  joints.  Many  of  them  occur 
in  cases  of  osteo-arthritis,  in  which  calcareous  or  cartilaginous  material  is  formed  in  one  of  the 
synovial  fringes  and  constitutes  the  foreign  body,  and  may  or  may  not  become  detached,  in  the 
fonner  case  only  meriting  the  usual  term,  *  Moose"  cartilage.  In  other  cases  they  have  their 
origin  in  the  exudation  of  inflammatory  l>;mph,  and  possibly,  in  some  rare  instances,  a  portion 
of  the  articular  cartilage  or  one  of  the  semilunar  cartilages  becomes  detached  and  constitutes  the 
foreign  body. 

Uenu  valgum,  or  knock-knee,  is  a  common  deformity  of  childhood,  in  which,  owing  to 
changes  in  and  about  the  joint,  the  angle  between  the  outer  border  of  the  tibia  and  femur  is 
diminished,  so  that  as  the  patient  stands  the  two  internal  condyles  of  the  femora  are  in  contact, 
but  the  two  internal  malleoli  of  the  tibiae  are  more  or  less  widely  separated  from  each  other. 
When,  however,  the  knees  are  flexed  to  a  right  angle,  the  two  legs  are  practically  parallel  with 
each  other.  At  the  commencement  of  the  disease  there  is  a  yielding  of  the  internal  lateral  liga- 
ment and  other  fibrous  structures  on  the  inner  side  of  the  joint ;  as  a  result  of  this  there  is  a 
constant  undue  pressure  of  the  outer  tuberosity  of  the  tibia  against  the  outer  condyle  of  the 
femur.  This  extra  pressure  causes  arrest  of  growth  and,  possioly,  wasting  of  the  outer  con- 
dyle, and  a  consequent  tendency  for  the  tibia  to  become  separated  from  tne  internal  condyle. 
To  prevent  this  the  internal  condyle  becomes  depressed ;  probably,  as  was  first  pointed  out  by 
Mikulicz,  by  an  increased  growth  of  the  lower  end  of  the  diaphysis  on  its  inner  side,  so  that  the 
line  of  the  epiph.ysis  becomes  oblique  instead  of  transverse  to  the  axis  of  the  bone,  with  a  direc- 
tion downward  and  inward. 

FIxcision  ol*  the  knee-joint  is  most  frequently  required  for  tubercular  disease  of  this  articula- 
tion, but  is  also  practised  m  cases  of  disorganization  of  the  knee  after  rheumatic  fever,  pyaemia, 
etc. ,  in  osteoarthritis,  and  in  ankylosis.  It  is  also  occasionally  called  for  in  cases  of  injury,  gun- 
shot or  otherwise.  The  operation  is  best  performed  either  by  a  horseshoe  incision,  starting  from 
one  condyle,  descending  as  low  as  the  tubercle  of  the  tibia,  where  it  crosses  the  leg,  and  is  then 
carried  upward  to  the  other  condyle;  or  by  a  transverse  incision  across  the  patella.  In  this 
latter  incision  the  patella  is  either  removed  or  sawn  across,  and  the  halves  subsequently  sutured 
together.  The  bones  having  been  cleared,  and  in  those  cases  where  the  operation  is  performed 
for  tubercular  disease  all  pulpy  tissue  having  been  carefully  removed,  the  section  of  the  femur 
is  first  made.  This  should  never  include,  in  children,  more  than,  at  the  most,  two-thirds 
of  the  articuLir  surface,  otherwise  the  epiphysis  will  be  included,  with  disastrous  results  as  far 
as  regards  the  growth  of  the  limb.     Afterward  a  thin  slice  should  be  removed  from  the  upper 
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«'rid  nf  the  tibia,  not  more  than  half  an  inch.     If  any  diseased  tissue  still  appears  to  be  left  in 
t\it'.  \Hmim.  it  should  Ix;  removed  with  the  ^ouge  rather  than  that  a  farther  section  of  the  Ulne^ 

nhoflld  U;  TMuh:. 

m.  Articulations  between  the  Tibia  and  Fibula. 

The  articulations  between  the  tibia  and  fibula  are  effected  by  ligaments  which 
connect  both  extremities,  as  well  as  the  shafts  of  the  bones.  Thev  mav,  con- 
MCijuently,  be  Hubdivided  into  three  sets:  1.  The  Superior  Tibio-fibular  articula- 
tion. 2.  The  Middle  Tibio-fibular  ligament  or  interosseous  membrane.  3.  The 
Inferior  Tibio-fibular  articulation. 

1.  Superior  Tibio-fibular  Articulation. 

This  articulation  is  an  arthrodial  joint.  The  contiguous  surfaces  of  the  bones 
preHont  two  flat,  oval  facets  covered  with  cartilage,  and  connected  together  by  the 
following  ligaments: 

Anterior  Superior  Tibio-fibular. 
Posterior  Superior  Tibio-fibular. 

Tho  Anterior  Superior  Ligament  (Fig.  259)  consists  of  two  or  three  broad  and 
flat  bands  which  pass  obliquely  upward  and  inward  from  the  front  of  the  head  of 
the  fibula  to  the  front  of  the  outer  tuberosity  of  the  tibia. 

Tlie  Posterior  Superior  Ligament  (Fig.  2(58)  is  a  single  thick  and  broad  band 
wliicli  passes  upward  and  inward  from  the  back  part  of  the  head  of  the  fibula  to 
the  back  part  of  the  outer  tuberosity  of  the  tibia.  It  is  covered  by  the  tendon  of 
tlio  IN)plitous  muscle. 

A  Ssmovial  Membrane  lines  this  articulation,  which  at  its  upper  and  back  part 
is  occasionally  continuous  with  that  of  the  knee-joint. 

2.   MiDDLK  Tibio-fibular  Ligament  or  Interosseous  Membrane. 

An  interosseous  membrane  extends  between  the  contiguous  margins  of  the 
tibia  and  fibula,  and  separates  the  muscles  on  the  front  from  those  on  the  back  of 
the  log.  It  Cimsists  of  a  thin,  aponeurotic  lamina  composed  of  oblique  fibres 
which  jmss  downward  and  outward  between  the  interosseous  ridges  on  the  two 
bones.  It  is  broader  above  than  below.  Above  its  upper  border  is  a  large,  oval 
a)>t»rturo  for  the  i)assage  of  the  anterior  tibial  vessels  forward  to  the  anterior  aspect 
of  tlie  leg;  and  at  its  lower  part  an  opening  for  the  passage  of  the  anterior  pero- 
neal vessels.  It  is  continuous  below  with  tlie  inferior  interosseous  ligament,  and 
is  perforated  in  numerous  parts  for  the  passage  of  small  vessels.  It  is  in  relation, 
in  front,  with  the  Tibialis  anticus.  Extensor  longus  digitorum,  Extensor  proprius 
halluois,  Poroneus  tertius,  and  the  anterior  tibial  vessels  and  nerve ;  behind,  with 
tho  Tibialis  posticus  and  Flexor  longus  hallucis. 

S.  Inferior  Tibio-fibular  Articulation. 

This  articulation  is  formed  by  the  rough,  convex  surface  of  the  inner  side  of 
tl»o  lower  end  of  the  fibula,  connected  with  a  concave  rough  surface  on  the  outer 
side  of  tho  tibia.  Below,  to  the  extent  of  about  two  lines,  these  surfaces  are 
smooth,  and  covered  with  cartilage,  which  is  continuous  with  that  of  the  ankle- 
joint.     Tho  ligsimonts  of  this  joint  ai*o — 

Anterior  Inferior  Tibiivfibular.  Transverse. 

IVvstorior  Inferior  Tibi^vfibular.  Inferior  Interosseous. 

Tho  Anterior  Intoior  Ligament  (Fi^;.  ^(U'i  is  a  flat,  triangular  band  of  fibres. 
br\>ador  below  than  above,  which  extends  oblii|uoly  downward  and  outward 
boiwtvn  tho  adjaivnt  margins  of  tho  tibia  and  fibula,  ini  the  front  aspect  of  the 
anioulation.     It  is  in  ndatitui,  in  front,  A\ith  tho  Poroneus  tertius,  the  aponeurosis 


THE  ANKLE-JOIXT.  379 

nf  the  leg,  and  the  integument;  behind,  with  the  inferior  interosseous  ligament; 
and  lies  in  contact  with  the  cartilage  covering  the  astragalus. 

The  Posterior  Inferior  Ligament,  smaller  than  the  preceding,  is  disposed  in  a 
similar  manner  on  the  posterior  surface  of  the  articulation. 

The  Transverse  Ligament  is  a  lung,  narrow  band,  continuous  with  the  preceding. 
passing  transversely  across  the  back  of  tbc  joint,  from  the  external  malleolus  to 
the  posterior  border  of  the  articular  surface  of  the  tibia,  almost  as  far  as  its  mal- 
leolar process.  This  ligament  projects  below  the  margin  of  the  bones,  and  forms 
part  of  the  articulating  surface  for  the  astragalus. 

The  Inferior  Interosseous  Ligament  consists  of  numerous  short,  strong,  fibrous 
bands  which  pass  between  the  contiguous  rough  surfaces  of  the  tibia  and  fibula, 
and  constitute  the  chief  bond  of  union  between  the  bones.  This  ligament  is  con- 
tinuous above  with  the  interosseous  membrane. 

The  BTnovlal  Uembrane  lining  the  articular  surface  is  derived  from  that  of  the 
ankle-joint. 

Actions. — The  movement  permitted  in  these  articulations  is  limited  to  a  very 
slight  gliding  of  the  articular  surfaces  one  upon  another. 

IV.  Ankle-joint. 
The  AnUe  is  a  ginglymus  or  hinge-joint.  The  bones  entering  into  its  foi-ma- 
tion  are  the  lower  extremity  of  the  tibia  and  its  malleolus  and  the  external  mal- 
leolus of  the  fibula.  These  bones  are  united  above,  and  form  a  mortise  to  receive 
the  upper  convex  surface  of  the  astraga)us  and  its  two  lateral  facets.  The  bony 
surfaces  are  covered  with  cartilage,  and  connected  together  by  a  capsule,  which  in 
places  forms  thickened  bands  constituting  the  following  ligaments: 

Anterior.  Internal  Lateral. 

Posterior.  E.xternal  Lateral. 

The  Anterior  Tlbio-taxaal  Ligament  (Fig.  2QZ)  is  a  broad,  thin,  membranous 
layer,  attached,  above,  to  the  margin  of  the  articular  surface  of  the  tibia ;  below, 


FiQ.  263.— Ankle-Mnt:  tarsal  unil  li 


to  the  margin  of  the  astragalus,  in  front  of  its  articular  surface.     It  is  in  relation, 
in  front,  with  the  Extensor  tendons  of  the  toes,  with  the  tendons  of  the  Tibialis 
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.  n,  '( i.t:  fi.'iti  nu'Ht.-'t  i.-itf*  (.a-*  f'lrnni'i  to  W  insfrred  iitto  ihe  DSTieoIar 
n^  a»,'l  •(.<:  if.f'-fi'jf  'rai'rs»ft'«f-/iav)^'jiar  li^am-rn::  the  mi'Mle  des<»n'i  alm-r-: 
(.fii-i.'-'.Atiy  u,  \^  \u":^f'\  i/i*'i'fi*;i(ii«t':ri:a';il-im  uli  'ff  the  'n  calcU  ;  sod  the 
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'riic  Sxtornftl  Lktaral  Ll|un*nt  (Fi^.  2<)4)  con.'<ists  of  three  distinctly  special- 
ui'il  liim-iiMili  111'  llio  i'ii|iFiiilo,  tskiiid  diftVri'iit  diit'Ctions  and  separated  by  distiDci 
ilili'i'Mili;  fill' wbii'lt  ri'iisoii  it  i.'«  di'scrilK'd  by  »ome  anatomists  as  three  distinct 
liHiiiiii'iils.' 

Till'  .mfiWi'c,''iP»r('i'i(/(i«  (iiiitoriof  ii.sirajpilo-fibiilar),  the  shortest  of  the  three. 
|i)im'«  lVi>iu  lhi>  iiii1('ri<'i'miir>;in  of  ibo  tuniimit  of  the  external  malleolus,  downward 
niid  furword,  tn  llic  ttstiDi^itlus,  in  fivnt  of  iis  ivvternitl  articular  facet. 

'riio  ;•''*>'  't  f  f;ix,(>i(.'i.,«  ((losu'rior  rt--^tn»j;i»Io-libHlar),  the  most  deeply  sealed. 
(inuM''  l^^•«l  (ho  dt'i'iv^-iiim  ni  ilio  inner  itnd  l>:>ok  jMirt  of  the  e.itemal  malleolus 
to  K  piMiiiinoni  tul'i'ivK-  on  tlio  pivtovi.'v  siirt";ii'T.-  of  the  astr^iiralus.  Its  fibres  are 
«Un.>M  li.ov.oni«l  in  .l.uvti-.n. 

'fill'  ■■■m'.!'.'-  /is.  ■■  :.'■  X  (i';»|--:mo.'-!ii'Ml;»r\  ;ho  looiiest  of  the  three,  i?  a  narmw. 
)>>iin.l>'>l  imiaI  iv»>-';iij:  fi.'iu  :lu'  aio\  of  ibo  oxtoinal  mnl'.f.liis  downward  and 
»U.  !i;U  ^:i.-Vv*sivl  ;v>  .i  !ii'v;v'i'  o;\  :"u'  .■!i:i':-  su!l";i>v'f  ::;i'  ksi-ak'is.  It  is  covererl 
l.v  iho  !vi..lo.!v  ..f  iho  lViv;;,-v!-  1  ;;^-;<  s;id  l^ivv;^. 
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The  Synovial  Membrane  invests  the  inner  surface  of  the  ligaments,  and  sends 
a  duplicature  upward  between  the  lower  extremities  of  the  tibia  and  fibula  for  a 
short  distance. 

Relations. — The  tendons,  vessels,  and  nerves  in  connection  with  the  joint  are, 
in  front,  from  within  outward,  the  Tibialis  anticus.  Extensor  proprius  hallucis, 
anterior  tibial  vessels,  anterior  tibial  nerve.  Extensor  communis  digitorum,  and 
Peroneus  tertius ;  behind,  from  within  outward,  the  Tibialis  posticus.  Flexor  longus 
digitorum,  posterior  tibial  vessels,  posterior  tibial  nerve,  Flexor  longus  hallucis ; 
and,  in  the  groove  behind  the  external  malleolus,  the  tendons  of  the  Peroneus 
longus  and  brevis. 

The  Arteries  supplying  the  joint  are  derived  from  the  malleolar  branches  of  the 
anterior  tibial  and  the  peroneal. 

The  Nerve9  are  derived  from  the  anterior  and  posterior  tibial. 

Actions. — The  movements  of  the  joint  are  those  of  flexion  and  extension. 
The  malleoli  tightly  embrace  the  astragalus  in  all  positions  of  the  joint,  so  that  any 
slight  degree  of  lateral  movement  which  may  exist  is  simply  due  to  stretching 
of  the  inferior  tibio-fibular  ligaments  and  slight  bending  of  the  shaft  of  the 
fibula.  Of  the  ligaments,  the  internal,  or  deltoid,  is  of  very  great  power — so 
much  so  that  it  usually  resists  a  force  which  fractures  the  process  of  bone  to  which 
it  is  attached.  Its  middle  portion,  together  with  the  middle  fasciculus  of  the 
external  lateral  ligament,  binds  the  bones  of  the  leg  firmly  to  the  foot  and  resists 
displacement  in  every  direction.  Its  anterior  and  posterior  fibres  limit  extension 
and  flexion  of  the  foot  respectively,  and  the  anterior  fibres  also  limit  abduction. 
The  posterior  portion  of  the  external  lateral  ligament  assists  the  middle  portion  in 
resisting  the  displacement  of  the  foot  backward,  and  deepens  the  cavity  for  the 
reception  of  the  astragalus.  The  anterior  fasciculus  is  a  security  against  the  dis- 
placement of  the  foot  forward,  and  limits  extension  of  the  joint.  The  movements 
of  abduction  and  adduction  of  the  foot,  together  with  the  minute  changes  in  form 
by  which  it  is  applied  to  the  ground  or  takes  hold  of  an  object  in  climbing,  etc.,  are 
mainly  effected  in  the  tarsal  joints,  the  one  which  enjoys  the  greatest  amount  of 
motion  being  that  between  the  astragalus  and  os  calcis  behind  and  the  navicular 
and  cuboid  in  front.  This  is  often  called  the  transverse  or  medio-tarsal  Joint,  and 
it  can,  with  the  subordinate  joints  of  the  tarsus,  replace  the  ankle-joint  in  a  great 
measure  when  the  latter  has  become  ankylosed. 

Extension  of  the  tarsal  bones  upon  the  tibia  and  fibula  is  produced  by  the 
Gastrocnemius,  Soleus,  Plantaris,  Tibialis  posticus,  Peroneus  longus  and  brevis. 
Flexor  longus  digitorum,  and  Flexor  longus  hallucis ;  flexion,  by  the  Tibialis  anti- 
cus, Peroneus  tertius,  Extensor  longus  digitorum,  and  Extensor  proprius  hallucis  ;^ 
adduction,  in  the  extended  position,  is  produced  by  the  Tibialis  anticus  and  posti- 
cus ;  and  abduction  by  the  Peronei. 

Sur&ce  Form. — ^The  line  of  the  ankle-joint  mav  be  indicated  by  a  transverse  line  drawn 
across  the  front  of  the  lower  part  of  the  leg,  about  half  an  inch  above  the  level  of  the  tip  of  the 
internal  malleolus. 

Borgical  Anatomy. — Displacement  of  the  trochlear  surface  of  the  astragalus  from  the 
tibio-fibular  mortise  is  not  of  common  occurrence,  as  the  ankle-joint  is  a  very  strong  and  powerful 
articulation,  and  great  force  is  required  to  produce  it.  Nevertheless,  dislocation  dues  occasionally 
occur,  both  in  an  antero-posterior  and  a  lateral  direction.  In  the  latter,  which  is  the  most  com- 
mon, firacture  is  a  necessary  accompaniment  of  the  injury.  The  dislocation  in  these  cases  is 
somewhat  peculiar,  and  is  not  a  displacement  in  a  horizontally  lateral  direction,  such  as  usually 
occurs  in  lateral  dislocations  of  ginglymoid  joints,  but  the  astragalus  undergoes  a  partial  rotation 
round  an  antero-posterior  axis  drawn  through  its  own  centre,  so  that  the  superior  surface,  instead 
of  being  directed  upward,  is  inclined  more  or  less  inward  or  outward  accoraing  to  the  variety  of 
the  displacement. 

The  ankle-joint  is  more  frequently  sprained  than  any  joint  in  the  body,  and  this  may  lead 
to  acute  synoyitia  In  these  cases,  when  the  synovial  sac  is  distended  with  fluid,  the  bulging 
appears  principally  in  the  front  of  the  joint,  beneath  the  anterior  tendons,  and  on  either  side, 
between  the  Tibialis  anticus  and  the  internal  lateral  ligament  on  the  inner  side,  and  between  the 

^  The  student  must  bear  in  mind  that  the  Extensor  longus  digitorum  and  Extensor  proprius  hal- 
lucis are  eztenwrs  of  the  toes,  hut  jiexonf  of  the  ankle,  and  that  the  Flexor  longas  digitorum  and  Flexor 
longus  hallucis  2ire  Jlexors  of  the  toes,  but  extensors  of  the  ankle. 
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Peroneus  teititu  and  the  external  lateral  ligament  on  the  ouI«r  side.  In  addition  to  this,  bulging 
fremieotly  occuis  posteriorly,  and  a  fluctuating  strclling  may  be  detected  on  either  nde  of  the 
ten  do  Achillis. 

Chronic  synovitis  may  result  from  frequent  sprains,  and  when  once  this  joint  has  been 
sprained  it  is  more  liable  to  a  recurrence  of  the  injury  than  it  was  before;  or  it  may  be  tuber- 
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cular  in  its  origin,  the  disease  usually  commencing  in  the  astragalus  and  extending  to  the  joint. 
though  it  may  commence  as  a  tubercular  synovitis  the  result  probably  of  same  slight  strain  in  a 
tubercular  subject. 

Excision  of  the  ankle-joint  is  not  oilen  performed  for  two  reasons.  In  the  first  place. 
disease  of  the  articulation  for  which  this  operation  is  indicated  is  frequently  associated  with 
disease  of  the  tarsal  bones,  which  prevents  its  performance:  and,  secondly,  the  foot  atler 
excision  is  frequently  of  very  little  use ;  far  less,  in  fact,  than  af^r  a  Symes's  amputation,  which 
is  often,  therefore,  a  preferable  operation  in  these  cases.  Kxci«on  may,  however,  be  atteiapied 
in  cases  of  tubercular  arthritis,  in  a  young  and  otherwise  healthy  subject,  where  the  disease  is 
limited  to  the  bones  forming  the  joint.  It  may  also  be  required  after  injury  where  the  vessek 
and  nerves  have  not  been  damaged  and  the  patient  is  young  and  free  Irom  visceral  disease. 
The  excision  is  best  performed  by  two  lateral  incisions.  One  commencing  two  and  a  half  inches 
above  the  external  malleolus,  carried  down  the  posterior  border  of  the  fibula,  round  the  end  of 
the  bone,  and  then  forward  and  downward  as  iar  as  the  calcaneo-cuboid  joint,  midway  between  - 
the  tip  of  the  external  malleolus  and  the  tuberosity  on  the  fifth  metalarsal  bone.  Through  this 
incision  the  fibula  is  cleared,  the  external  lateral  ligament  is  divided,  and  the  bone  sawn  through 
at  the  upper  end  of  the  incision  and  removed.  A  similar  curved  incision  is  now  mode  ou  the 
inner  side  of  the  foot,  commencing  two  and  a  half  inches  above  ihc  lower  end  of  the  tibia, 
carried  down  the  posterior  border  of  the  bone,  round  the  internal  malleolus,  and  forward  and 
downward  to  the  tuberosity  of  the  navicular  bone.  Through  this  incision  the  tibia  is  cleared  in 
front  and  behind,  the  internal  lateral,  the  anterior  and  posterior  ligaments  divided,  and  the  end 
of  the  tibia  protruded  through  the  wound  by  displacing  the  foot  outward,  and  sawn  off  sufficiently 
high  to  secure  a  healthy  section  of  bone.  The  articular  surface  of  the  astragalus  ia  now  to  he 
sawn  off  or  ihe  whole  bone  removed.  In  cases  where  the  operation  is  performed  for  tubercular 
arthritis  the  latter  course  is  probably  preferable,  as  the  ii^jury  done  by  the  saw  is  frequently  the 
starting  point  of  fresh  caries ;  and  after  removal  of  the  whole  bone  the  shortening  is  not  appreci- 
ably increased,  and  the  result  as  regards  unii>n  appears  to  be  as  good  as  when  two  sawn  surfaces 
of  bone  are  brought  into  apposition. 

V.  Articulations  of  the  Tarsus. 

1.   Akticulatioss  of  the  Os  C.\lcis  and  Astrag.^lus. 
The  articulations  between  the  os  calcis  and  astragalus  are  two  in  number — 
anterior  and  posterior.     They  are  arthrodial  joints.     The  bones  are  connected 
together  by  four  ligaments : 

External  Calcaneo-astragaloid.  Po.sterior  Calcaneo-astragaloid. 

Internal  Calcaneo-astragaloid.  Interosseous. 
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The  External  Calcaneo-astragaloid  Ligament  (Fig.  264)  is  a  short,  strong, 
fasciculus  passing  from  the  outer  surface  of  the  astragalus,  immediately  beneath 
its  external  malleolar  facet,  to  the  outer  surface  of  the  os  calcis.  It  is  placed  in 
front  of  the  middle  fasciculus  of  the  external  lateral  ligament  of  the  ankle-joint, 
with  the  fibres  of  which  it  is  parallel. 

The  Internal  Calcaneo-astragaloid  Ligament  is  a  band  of  fibres  connecting  the 
internal  tubercle  of  the  back  of  the  astragalus  with  the  back  of  the  sustentaculum 
tali.     Its  fibres  blend  with  those  of  the  inferior  calcaneo-navicular  ligament. 

The  Posterior  Oalcaneo-astragaloid  Ligament  (Fig.  263)  connects  the  posterior 
external  tubercle  of  the  astragalus  with  the  upper  and  inner  part  of  the  os  calcis ; 
it  is  a  short,  narrow  band,  the  fibres  of  which  radiate  from  their  narrow  attach- 
ment to  the  astragalus. 

The  Interosseous  Ligament  forms  the  chief  bond  of  union  between  the  bones. 
It  consists  of  numerous  vertical  and  oblique  fibres  attached  by  one  extremity  to  the 
groove  between  the  articulating  facets  on  the  under  surface  of  the  astragalus ;  by 
the  other  to  a  corresponding  depression  on  the  upper  surface  of  the  os  calcis.  It 
is  very  thick  and  strong,  being  at  least  an  inch  in  breadth  from  side  to  side,  and 
serves  to  unite  the  os  calcis  and  astragalus  solidly  together. 

The  Synovial  Membranes  (Fig.  267)  are  two  in  number :  one  for  the  posterior 
calcaneo-astragaloid  articulation ;  a  second  for  the  anterior  calcaneo-astragaloid 
joint.  The  latter  synovial  membrane  is  continued  forward  between  the  contiguous 
surfaces  of  the  astragalus  and  navicular  bones. 

Actions. — The  movements  permitted  between  the  astragalus  and  os  calcis  are 
limited  to  a  gliding  of  the  one  bone  on  the  other  in  a  direction  from  before  back- 
ward, and  from  side  to  side. 

2.  Articulations  of  the  Os  Calcis  with  the  Cuboid. 
The  ligaments  connecting  the  os  calcis  with  the  cuboid  are  four  in  number: 

jx        1  f  Superior  Calcaneo-cuboid. 

\  Internal  Calcaneo-cuboid  (Interosseous). 

p,  r  Long  Calcaneo-cuboid. 

\  Short  Calcaneo-cuboid. 

The  Superior  Calcaneo-cuboid  Ligament  (Fig.  264)  is  a  thin  and  narrow  fasciculus 
which  passes  between  the  contiguous  surfaces  of  the  os  calcis  and  cuboid  on  the 
dorsal  surface  of  the  joint. 

The  Internal  Calcaneo-cuboid  (Interosseous)  Ligament  (Fig.  264)  is  a  short 
but  thick  and  strong  band  of  fibres  arising  from  the  os  calcis,  in  the  deep  hollow 
which  intervenes  between  it  and  the  astragalus,  and  closely  blended,  at  its  origin, 
with  the  superior  calcaneo-navicular  ligament.  It  is  inserted  into  the  inner  side  of 
the  cuboid  bone.  This  ligament  forms  one  of  the  chief  bonds  of  union  between 
the  first  and  second  rows  of  the  tarsus. 

The  Long  Calcaneo-cuboid  (Long  Plantar)  Ligament  (Fig.  266),  the  more  super- 
ficial of  the  two  plantar  ligaments,  is  the  longest  of  all  the  ligaments  of  the  tarsus : 
it  is  attached  to  the  under  surface  of  the  os  calcis,  from  near  the  tuberosities,  as  far 
forward  as  the  anterior  tubercle;  its  fibres  pass  forward  to  be  attached  to  the 
ridge  on  the  under  surface  of  the  cuboid  bone,  the  more  superficial  fibres  being 
continued  onward  to  the  bases  of  the  second,  third,  and  fourth  metatarsal  bones. 
This  ligament  crosses  the  groove  on  the  under  surface  of  the  cuboid  bone,  convert- 
ing it  into  a  canal  for  the  passage  of  the  tendon  of  the  Peroneus  longus. 

The  Short  Calcaneo-cuboid  (Short  Plantar)  Ligament  lies  nearer  to  the  bones 
than  the  preceding,  from  which  it  is  separated  by  a  little  adipose  tissue.  It  is 
exceedingly  broad,  about  an  inch  in  length,  and  extends  from  the  tubercle  and  the 
depression  in  front  of  it,  on  the  fore  part  of  the  under  surface  of  the  os  calcis,  to 
the  inferior  surface  of  the  cuboid  bone  behind  the  peroneal  groove. 
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SynoTial  Uembrane. — The  synovial  membrane  in  this  joint  is  distinct.  It 
lines  the  inner  surface  of  the  ligaments. 

Actions. — The  movements  permitted  between  the  os  calcis  and  cuboid  are 
limited  to  a  slight  gliding  upon  each  other. 

8.  The  Ligaments  connecting  the  Os  Calcis  and  Navicular. 
Though  these  two  bones  do  not  directly  articulate,  they  are  connected  together 
by  two  ligaments : 

Superior  or  External  Calcaneo-navicular. 
Inferior  or  Iniemal  Calcaneo-navicular. 

The   Superior  or  External  Oalcaneo-navictilar  (Fig.    264)  arises,  as    already 
mentioned,  with  the  internal  calcaneo-cuboid  in   the  deep  hollow  between  the 
astragalus  and  oa  calcis;  it  passes  forward  from  the  inner  side  of  the  anterior  ex- 
tremity of  the  03  calcis  to  the  outer  side  of  the  navicular  bone.     These  two  liga- 
ments resemble  the  letter  Y,  being  blended  together  behind,  hut  separated  in  front. 
The  Inferior  or  Internal  Calcaneo-navicular  (Fig.  266)  is   by  far  the  larger 
and  stronger  of  the  two  ligaments   between 
these  bones;  it  is  a  broad  and  thick  band  of 
fibres,  which  passes  forward  and  inward  from 
the  anterior  margin  of  the  sustentaculum  tali 
of  the  OS  calcis  to  the  under  surface  of  the 
navicular    bone.     This    ligament    not    only 
serves  to  connect  the  oa  calcis  and  navicular. 
but  supports  the  head  of  the  astragalus.  fonn- 
ing  part  of  the  articular  cavity  in  which  it  is 
received.     The  upper  surface  presents  a  fibro- 
cartilaginous   facet,    lined    bv   the   synovial 
membrane   continued  from  the  anterior  cal- 
caneo-astragaloid    articulation,    upon    which 
the  head  of  the  astragalus  rests.     Its  undir 
surface  is  in  contact  with  the  tendon  of  the 
Tibialis  posticus  muscle ;  '  its  inner  border  is 
blended  with   the  fore   part   of  the  Deltoid 
ligament,  thus  completing  the  socket  for  the 
head  of  the  astragalus. 

Surgical  Anatomy. — The  inferior  calcaneo-nav- 
icular ligament,  )>v  supporting  the  bead  of  the  astrae- 
alus,  is  principally  concerned  in  niairilaining  thf 
areh  of  the  ioot,  and  when  it  jields  the  head  of 
the  BStra^altiB  is  pressed  downward,  inward,  and  for- 
ward by  the  weight  of  the  body,  and  the  foot  becomes 
flattened,  expanded,  and  lunicd  outward,  constituting 
the  disease  known  as  Jtal-fiiot.  This  lipment  con- 
tains a  cunsiderable  amount  of  clastic  fibre,  so  as  to 
^ive  elasticity  to  (he  arch  and  spring  to  the  foot : 
hence  it  is  sometimes  called  the  "spring"  ligament. 
It  is  supjKJtted,  on  its  under  surface,  by  the  tendon 
of  the  Tibialis  |igsticus,  which  spreads  out  at  its 
insertion  inio  a  number  of  fasciculi  which  are  attached 
FM.  266.-IJg.ments"of  the  pUniar Burttce  lo  ni.«t  of  the  tareal,  and  metatarsal  bones;  tbis  pre- 
of  ihe  fwi,  vents  undue  stretching  of  the  ligament  iind  is  a  pro- 

leciion  against  the  occurrence  of  flat-foot. 

4.    AHTICULATIOX    of    the    AsTBAliALlS   WITH  THE  NAVICULAR  BONE. 

The  articulation  between  the  astragalus  and  navicular  is  an  arthrodial  joint : 
the  rounded  head  of  the  astragalus  being  received  into  the  concavity  formed  by 

'  Ut.  Hancock  describes  an  eitension  of  tbi^  IlKBiiienl  upward  on  ih*  inner  side  of  the  fool, 
which  completes  tlie  sockvl  of  ilic  joint  in  tliat  din-ction  (L«n«f,  1366,  vol.  i-  p-  618}- 
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the  posterior  surface  of  the  navicular,  the  anterior  articulating  surface  of  the 
calcaneum,  and  the  upper  surface  of  the  inferior  calcaneo-navicular  ligament, 
which  fills  up  the  triangular  interval  between  those  bones.  The  only  ligament  of 
this  joint  is  the  superior  astragalo-navicnlar.  It  is  a  broad  band,  which  passes 
obliquely  forward  from  the  neck  of  the  astragalus  to  the  superior  surface  of  the 
navicular  bone.  It  is  thin,  and  weak  in  texture,  and  covered  by  the  Extensor  ten- 
dons.    The  inferior  calcaneo-navicular  supplies  the  place  of  an  inferior  ligament. 

The  Synovial  Membrane  which  lines  the  joint  is  continued  forward  from  the 
anterior  calcaneo-astragaloid  articulation. 

Actions. — This  articulation  permits  of  considerable  mobility,  but  its  feebleness 
is  such  as  to  allow  occasionally  of  dislocation  of  the  other  bones  of  the  tarsus 
from  the  astragalus. 

The  tf'ansverse  tarsal  or  medio-tarsal  joint  is  formed  by  the  articulation  of  the 
08  calcis  with  the  cuboid,  and  by  the  articulation  of  the  astragalus  with  the  nav- 
icular. The  movement  w^hich  takes  place  in  this  joint  is  more  extensive  than  that 
in  the  other  tarsal  joints,  and  consists  of  a  sort  of  rotation  by  means  of  which  the 
sole  of  the  foot  may  be  slightly  flexed  and  extended  or  carried  inward  and  outward. 

5.  The  Articulation  of  the  Navicular  with  the  Cuneiform  Bones. 
The  navicular  is  connected  to  the  three  cuneiform  bones  by 

Dorsal  and  Plantar  ligaments. 

The  Dorsal  Ligaments  are  small,  longitudinal  bands  of  fibrous  tissue  arranged 
as  three  bundles,  one  to  each  of  the  cuneiform  bones.  That  bundle  of  fibres 
which  connects  the  navicular  with  the  internal  cuneiform  is  continued  round  the 
inner  side  of  the  articulation  to  be  continuous  with  the  plantar  ligament  which 
connects  these  two  bones. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 
They  are  strengthened  by  processes  given  off  from  the  tendon  of  the  Tibialis  posticus. 

Actions. — The  movements  permitted  between  the  navicular  and  cuneiform 
bones  are  limited  to  a  slight  gliding  upon  each  other. 

The  Synovial  Membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane. 

6.  The  Articulation  of  the  Navicular   with  the  Cuboid. 
The  navicular  bone  is  connected  with  the  cuboid  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligament  consists  of  a  band  of  fibrous  tissue  which  [)asses  obli(juely 
forward  and  outward  from  the  navicular  to  the  cuboid  bone. 

The  Plantar  Ligament  consists  of  a  band  of  fibrous  tissue  which  passes  nearly 
transversely  between  these  two  bones. 

The  Literosseous  Ligament  consists  of  strong  transverse  fibres  which*  pass 
between  the  rough  non-articular  portions  of  the  lateral  surfaces  of  these  two 
bones. 

Actions. — The  movements  permitted  between  the  navicular  and  cuboid  bones 
are  limited  to  a  slight  gliding  upon  each  other. 

The  Synovial  Membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane. 

7.  The  Articulation  of  the  Cuneiform  Bones  with  each  other. 
These  bones  are  connected  together  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligaments  consist  of  two  bands  of  fibrous  tissue  which  pass  trans- 
versely, one  connecting  the  internal  with  the  middle  cuneiform,  and  the  other 
connecting  the  middle  with  the  external  cuneiform. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 
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>^.    Tl^f-,    \y'tV  i  UKt\h\    Of  Tllfc  EXTfck\%L  Cr.VEIF'/KM  B-jXE  with  the  ClBoID. 

Uor^sil.  FlariUr.  and  Inter^^i^w^e^iU*  li^ment^. 

T)i^'  OofMl  Llga«<«t  cjfU^UtA  of  a  baud  of  fibroiii;  ti^ksae  which  passes  trans- 
v^fM^'ly  htffnt'j^n  t\ttrn4:  two  bon*^. 

'( m?  PlMrt*r  Ugtanent  ban  a  similar  arrangemeDt.  It  is  streogtbened  by  a 
fftot'j'nn  \t}vt'U  off  from  tbo   t^ftidon  of  tbe   Tibialis  posticus. 

Tin*  Iiit#ro9Matw  Lifament  eoriHi?4t.H  of  strong  transverse  fibres  which  pass 
b^ffw#'«'fi  fb^f  roii^b  non-articular  portions  of  the  lateral  surfaces  of  the  adjacent 
UMb'K  //f  tUt*Htt  fwo   bon<JH, 

Tb^'  ijrjunrUl  Membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
uti*ut\frfutt*, 

AciUmn,  -Tlic  rnovcrncntM  pennittcd  between  the  external  cuneiform  and  cuboid 
i»n<  lirnif<*d  to  n  ^li^bt  i^lidin^^  upon  each  other. 

Venre'iittpplX. — All  the  joints  of  the  tarsus  are  supplied  by  the  anterior  tibial 
ni'rvM, 

tttrglOAl  Anatomy.  -In  npitu  of  the  ^eat  strength  of  the  ligaments  which  connect  the 
UiVmil  )uiwm  loi/Mthfir,  diNloctttion  at  some  of  the  tarsal  joints  does  occasionally  occur ;  though,  on 
H4'4'oiirit  of  t\w  NpoiiK.v  (ihimu^ter  of  the  Ixmes,  they  are  more  frequently  broken  than  dislocated, 
itM  iht'  nmwh  oi'  viohuici^  VV^JKin  (lislocation  docs  occur,  it  is  most  commonly  in  connection  with 
lUv  UMf  riiiriiliiN ;  i'or  tiot  only  niiiv  this  bone  be  dislocated  from  the  tibia  and  fibula  at  the  ankle- 
Joitif,  but.  llio  o(lii«r  Iniih*h  niiiy  IxMllHliKuited  from  it,  the  trochlear  surface  of  the  bone  remaining 
in  nilu  ill  (ho  tiliio-dbular  niortiMt*.  This  constitutes  what  is  known  as  the  iuhaMragaloid 
(liMldcutlon.  Or,  umiin,  th<«  aHtniKuluH  may  Ix;  di8loc4ited  from  all  its  connections — from  the 
liliiii  itiid  HImiIh  uImiviv  tho  oh  ciilcin  below,  and  the  navicular  in  front — and  may  even  undereo  a 
t'oliitinii,  oilhor  oh  a  vorti(*al  or  horizontal  axis.  In  the  former  case  the  long  axis  of  the  bone 
htMMitniiiM:  (lihH'tod  across  tlu'  Joint,  so  that  the  head  faces  the  articular  surface  on  one  or 
oduM'  niall(MihiN:  or.  in  the  latter,  the  lateral  surfaces  becoming  directed  upward  and  down- 
Wiirtl,  MO  (hat  tho  (iMohloar  surtW^o  laces  to  one  or  the  other  side.  Finally,  dislocation  may 
o(HMU'  at  (lie  Hiodio  tarsal  joint,  (he  anttTior  tarsal  btmes  being  luxated  from  the  astragalus  and 
cal(*uii(Miui.  Tlut  other  tai^^al  Ihiuos  are  also,  ocx^nsionally,  though  rarely,  dislocated  from  their 
iMiunivtiohH, 

VI.  Tarao-metatarsal  Articulations. 

Tlu^Mo  \\Y\)  avthrodial  joints.  The  bones  entering  into  their  formation  are  four 
(arMul  bohos  -viji.  the  iutenmK  middle,  and  external  cuneiform  and  the  cuboid — 
wbioh  urtieuluto  with  tbe  nietutarsttl  bones  of  the  five  toes.  The  metatarsal  bone 
of  (ho  gjvut  toe  ttrtioubites  with  the  internal  cuueifonn ;  that  of  the  second  is 
deoply  woil^rotl  in  beoxoou  tlu*  internal  and  external  cuneiform,  resting  against  the 
uuddio  ouueifonu.  and  bein^  the  nu>st  stn>ngly  articulated  of  all  the  metatarf^al 
bonen;  (bo  tbiinl  metatai^al  articulates  with  the  exti^emity  of  the  external  cunei- 
Tonu ;  tbe  fourth  with  the  cuboid  and  external  cuneiform:  and  the  fifth,  with  the 
eubohb  *lbe  articular  surfaces  atv  covortnl  with  cartilacje,  lined  bv  synovial 
u^euibvauo  and  i^^uuvted  ^oi^^thor  by  tbe  following  ligaments: 

Ooi^saK  IMauiar,  Interiv?8ei>us. 

*^'bo  DoniU  Liitiuntats  isnisist  \^f  stivng.  flat.  fibr\nis  bands,  which  connect  the 
ta>^-*l  wub  the  merata^^**!  bones.  The  first  metatarsal  is  i^nnecred  to  the  internal 
cuueif^MUi  b\   a  sut^jlo  bi\^d^   thin,   tib»vus  l>and:  the  seci^nd  has  three  dorsal 
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ligaments,  one  from  each  cuneiform  bone ;  the  third  has  one  from  the  external 
cuneiform ;  the  fourth  has  two,  one  from  the  external  cuneiform  and  one  from  the 
cuboid ;  and  the  fifth,  one  from  the  cuboid. 

The  Plantar  Ligaments  consist  of  longitudinal  and  oblique  fibrous  bands 
connecting  the  tarsal  and  metatarsal  bones,  but  disposed  with  less  regularity 
than  on  the  dorsal  surface.  Those  for  the  first  and  second  metatarsal  are  the  most 
strongly  marked ;  the  second  and  third  metatarsal  receive  strong  fibrous  bands 
which  pass  obliquely  across  from  the  internal  cuneiform ;  the  plantar  ligaments 
of  the  fourth  and  fifth  metatarsal  consist  of  a  few  scanty  fibres  derived  from  the 
cuboid. 

The  InteroBseous  Ligaments  are  three  in  number — internal,  middle,  and  external. 
The  internal  one  passes  from  the  outer  extremity  of  the  internal  cuneiform  to  the 
adjacent  angle  of  the  second  metatarsal.  The  middle  one,  less  strong  than  the 
preceding,  connects  the  external  cuneiform  with  the  adjacent  angle  of  the  second 
metatarsal.  The  external  interosseous  ligament  connects  the  outer  angle  of  the 
external  cuneifonn  with  the  adjacent  side  of  the  third  metatarsal. 

The  Synovial  Membrane  between  the  internal  cuneiform  bone  and  the  first 
metatarsal  bone  is  a  distinct  sac.  The  synovial  membrane  between  the  middle  and 
external  cuneiform  behind,  and  the  second  and  third  metatarsal  bones  in  front,  is 
part  of  the  great  tarsal  synovial  membrane.  Two  prolongations  are  sent  forward 
from  it — one  between  the  adjacent  sides  of  the  second  and  third  metatarsal  bones, 
and  one  between  the  third  and  fourth  metatarsal  bones.  The  synovial  membrane 
between  the  cuboid  and  the  fourth  and  fifth  metatarsal  bones  is  a  distinct  sac. 
From  it  a  prolongation  is  sent  forward  between  the  fourth  and  fifth  metatarsal 
bones. 

Actions. — The  movements  permitted  between  the  tarsal  and  metatarsal  bones 
are  limited  to  a  slight  gliding  upon  each  other. 

Articulations  of  the  Metatarsal  Bones  with  each  other. 

The  base  of  the  first  metatarsal  bone  is  not  connected  with  the  second  meta- 
tarsal bone  by  any  ligaments ;  in  this  respect  it  resembles  the  thumb. 

The  bases  of  the  four  outer  metatarsal  bones  are  connected  together  by  dorsal, 
plantar,  and  interosseous  ligaments. 

The  Dorsal  Ligaments  consist  of  bands  of  fibrous  tissue  which  pass  transversely 
between  the  adjacent  metatarsal  bones. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 

The  Literosseons  Ligaments  consist  of  strong  transverse  fibres  which  pass  between 
the  rough  non-articular  portions  of  the  lateral  surfaces. 

The  Synovial  Membrane  between  the  second  and  third  and  the  third  and  fourth 
metatarsal  bones  is  part  of  the  great  tarsal  synovial  membrane. 

The  synovial  membrane  between  the  fourth  and  fifth  metatarsal  bones  is  a 
prolongation  of  the  synovial  membrane  of  the  cubo-metatarsal  joint. 

Actions. — The  movement  permitted  in  the  tarsal  ends  of  the  metatarsal  bones 
is  limited  to  a  slight  gliding  of  the  articular  surfaces  upon  one  another. 

The  Synovial  Membranes  in  the  Tarsal  and  Metatarsal  Joints. 

The  Synovial  Membranes  (Fig.  267)  found  in  the  articulations  of  the  tarsus 
and  metatarsus  are  six  in  number:  one  for  the  posterior  calcaneo-astragaloid 
articulation ;  a  second  for  the  anterior  calcaneo-astragaloid  and  astragalo-navicular 
articulations ;  a  third  for  the  calcaneo-cuboid  articulation  ;  and  a  fourth  for  the 
articulations  of  the  navicular  with  the  three  cuneiform,  the  three  cuneiform  with 
each  other,  the  external  cuneiform  with  the  cuboid,  and  the  middle  and  external 
cuneifoi-m  with  the  bases  of  the  second  and  third  metatarsal  bones,  and  the  lateral 
surfaces  of  the  second,  third,  and  fourth  metatarsal  bones  with  each  other ;  a  fifth 
for  the  internal  cuneiform  with  the  metatarsal  bone  of  the  great  toe;  and  a  sixth 
for  the  articulation  of  the  cuboid  with  the  fourth  and  fifth  metatarsal  bones.     A 


388  THE  ABTICULATIOim 

small  synovial  membrane  is  sometimes  found  between  the  contiguous  surfaces  of  the 
navicular  and  cuboid  bones. 

Ner7«-BnpplT. — The  nerves  supplying  the  tarso-metatarsat  joints  are  derive*! 
from  the  anterior  tibial. 

The  digital  extremttiet  of  all  the  metatarsal  bones  are  connected  together  by 
the   transverse  metatarsal  ligament. 

The  Transrerse  Metatarsal  Ligament  is  a  narrow  fibrous  band  which  passes 
transversely  across  the  anterior  extremities  of  all  the  metatarsal  bones,  connecting 


Fio.  261.— Oblique  section  or  the  artlculatlooa  of  the  larauB  and  metttanua.  showing  the  alx  synovlil 
nembrsnea. 

them  together.  It  is  blended  anteriorly  with  the  plantar  (glenoid)  ligament  nf 
the  metatarso-pbalangeal  articulations.  To  its  posterior  border  is  connected  the 
fascia  covering  the  Interossei  muscles.  Its  superficial  surface  is  concave  where 
the  Flexor  tendons  pass  over  it.  Beneath  it  the  tendons  of  the  Interossei  muscles 
pass  to  their  insertion.  It  differs  from  the  transverse  metacarpal  ligament  in  thai 
it  connects  the  metatarsal  bone  of  the  great  toe  with  the  rest  of  tne  metatarsal 

bones.  

Vn.  MetatarBO-phalangeal  Articulations. 

The  mctatarso-phalangeal  articulations  are  of  the  condyloid  kind,  formed  by  the 
reception  of  the  rounded  head  of  the  metatarsal  bone  into  a  superficial  cavity  in  the 
extremity  of  the  first  phalanx. 

The  ligaments  are — 

Plantar.  Two  Lateral. 

The  Plantar  Ligaments  (Glenoid  ligaments  of  Cruveilhier)  are  thick,  dense, 
fibrous  structures.  Each  is  placed  on  the  plantar  surface  of  the  joint  in  the 
interval  between  the  lateral  ligaments,  to  which  they  are  connected;  they  are 
loosely  united  to  the  metatarsal  bone,  but  very  firmly  to  the  base  of  the  first 
phalanges.  Their  plantar  surface  is  intimately  blended  with  the  transverse  nieia- 
tarsal  ligament,  and  presents  a  groove  for  the  passage  of  the  Flexor  f-ndons.  the 
sheath  surrounding  which  is  connected  to  each  side  of  the  groove.  By  their  deep 
surface  they  form  part  of  the  articular  surface  for  the  head  of  the  metatarsal  bone, 
and  are  lined  by  a  synovia!  membrane. 

The  Lateral  Ligaments  are  strong,  rounded  cords,  placed  one  on  each  side  of  the 
joint,  each  being  attached,  by  one  extremity,  to  the  posterior  tubercle  on  the  side  of 
the  head  of  the  metatarsal  bone  ;  and,  by  the  other,  to  the  contiguous  extremity  of 
the  phalanx. 

The  Posterior  Ligament  is  supplied  by  the  extensor  tendon  placed  over  the  hack 
of  the  joint. 

Actions. — The  movements  permitted  in  the  metatarso-pbalangeal  articulations 
are  flexion,  extension,  abduction,  and  adduction. 
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Vm.  Articulations  of  the  Phalanges. 

The  articulations  of  the  phalanges  are  ginglymus  joints. 
The  ligaments  are — 

Plantar.  Two  Lateral. 

The  arrangement  of  these  ligaments  is  similar  to  those  in  the  metatarso- 
phalangeal articulations ;  the  extensor  tendon  supplies  the  place  of  a  posterior 
ligament. 

Actions. — The  only  movements  permitted  in  the  phalangeal  joints  are  flexion 
and  extension ;  these  movements  are  more  extensive  between  the  first  and  second 
phalanges  than  between  the  second  and  third.  The  movement  of  flexion  is  very 
considerable,  but  extension  is  limited  by  the  anterior  and  lateral  ligaments. 

Suififice  Form. — ^The  principal  joints  which  it  is  necessary  to  distinguish,  with  regard  to  the 
surgery  of  the  foot,  are  the  medio-tarsal  and  the  tarso-metatarsal  joints.  The  joint  between  the 
astrajB:alus  and  the  navicular  is  best  found  by  means  of  the  tubercle  of  the  navicular  bone,  for 
the  line  of  the  joint  is  immediately  behind  this  process.  If  the  foot  is  grasped  and  forcibly 
extended,  a  rounded  prominence,  the  head  of  the  astragalus,  will  appear  on  the  inner  side  of 
the  dorsum  in  front  of  the  ankle-joint,  and  if  a  knife  is  carried  downward,  just  in  front  of  this 
prominence  and  behind  the  line  of  the  navicular  tubercle,  it  will  enter  the  astragalo-navicular 
joint.  The  calcaneo-cuboid  joint  is  situated  midway  between  the  external  malleolus  and  the 
prominent  end  of  the  fifth  metatarsal  bone.  The  plane  of  the  joint  is  in  the  same  line  as  that 
of  the  astragalo-navicular.  The  position  of  the  joint  between  the  fifth  metatarsal  bone  and  the 
cuboid  is  easily  found  by  the  projection  of  the  fifth  metatarsal  bone,  which  is  the  guide  to  it. 
The  direction  of  the  line  of  the  joint  is  very  oblique,  so  that,  if  continued  onward,  it  would 
pass  through  the  head  of  the  first  metatarsal  Tbone.  The  joint  between  the  fourth  metatarsal 
Done  and  tne  cuboid  and  external  cuneiform  is  the  direct  continuation  inward  of  the  previous 
joint,  but  its  plane  is  less  oblinue  ;  it  would  be  represented  by  a  line  drawn  from  the  outer  side 
of  the  articulation  to  the  midale  of  the  first  metatarsal  bone.  The  plane  of  the  joint  between 
the  third  metatarsal  bone  and  the  external  cuneiform  is  almost  transverse.  It  would  be  repre- 
sented by  a  line  drawn  from  the  outer  side  of  the  joint  to  the  base  of  the  first  metatarsal  bone. 
The  tarso-metatarsal  articulation  of  the  great  toe  corresponds  to  a  groove  which  can  be  felt  by 
making  firm  pressure  on  the  inner  side  of  the  foot  one  inch  in  front  of  the  tubercle  on  the 
navicular  bone ;  and  the  joint  between  the  second  metatarsal  bone  and  the  middle  cuneiform  is 
to  be  found  on  the  dorsum  of  the  foot,  half  an  inch  behind  the  level  of  the  tarso-metatarsal 
joint  of  the  sreat  toe.  The  line  of  the  ioints  between  the  metatarsal  bones  and  the  first 
phalanges  is  about  an  inch  behind  the  webs  of  the  corresponding  toes. 
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n.   Knee-joint. 

The  knee-joint  was  formerly  described  as  a  ginglymus  or  hinge-joint,  but  is 
really  of  a  much  more  complicated  character.  It  must  be  regarded  as  consisting 
of  three  articulations  together :  one  between  each  condyle  of  the  femur  and  the 
corresponding  tuberosity  of  the  tibia,  which  are  condyloid  joints,  and  one  between 
the  patella  and  the  femur,  which  is  partly  arthrodial,  but  not  completely  so,  since 
the  articular  surfaces  are  not  mutually  adapted  to  each  other,  so  that  the  movement 
is  not  a  simple  gliding  one.  This  view  of  the  construction  of  the  knee-joint  receives 
confirmation  from  the  study  of  the  articulation  in  some  of  the  lower  mammals, 
where  three  synovial  membranes  are  sometimes  found,  corresponding  to  these  three 
subdivisions,  either  entirely  distinct  or  only  connected  together  by  small  communi- 
cations. This  view  is  further  rendered  probable  by  the  existence  of  the  two  crucial 
ligaments  within  the  joint,  which  must  be  regarded  as  the  external  and  internal 
lateral  ligaments  of  the  inner  and  outer  joints  respectively.  The  existence  of 
the  ligamentum  mucosum  would  further  indicate  a  tendency  to  separation  of  the 
synovial  cavity  into  two  minor  sacs,  one  corresponding  to  each  joint. 

The  bones  entering  into  the  formation  of  the  knee-joint  are  the  condyles  of  the 
femur  above,  the  head  of  the  tibia  below,  and  the  patella  in  front.  The  bones  are 
connected  together  by  ligaments,  some  of  which  are  placed  on  the  exterior  of  the 
joint,  while  others  occupy  its  interior. 

External  Ligaments.  Interior  Ligaments. 

Anterior,    or     Ligamentum  Pa-           Anterior,  or  External  Crucial. 

tellse.  Posterior,  or  Internal  Crucial. 

Posterior,    or   Ligamentum  Pos-           Two  Semilunar  Fibro-cartilages. 

ticum  Winslowii.  Transverse. 

Internal  Lateral.  Coronary. 

Two  External  Lateral.  Ligamentum  mucosum. 

Capsular.  Ligamenta  alaria. 

The  Anterior  Ligament,  or  Ligamentum  Patells  (Fig.  257),  is  the  central 
portion  of  the  common  tendon  of  the  Extensor  muscles  of  the  thigh  which  is 
continued  from  the  patella  to  the  tubercle  of  the  tibia,  supplying  the  place  of  an 
anterior  ligament.  It  is  a  strong,  flat,  ligamentous  band  about  three  inches  in 
length,  attache^,  above,  to  the  apex  of  the  patella  and  the  rough  depression  on  its 
posterior  surface ;  below,  to  the  lower  part  of  the  tubercle  of  the  tibia,  its  superficial 
fibres  being  continuous  over  the  front  of  the  patella  with  those  of  the  tendon  of  the 
Quadriceps  extensor.  The  lateral  portions  of  the  tendon  of  the  Extensor  muscles 
pass  down  on  either  side  of  the  patella,  attached  to  the  borders  of  this  bone  and  its 
ligament,  to  be  inserted  into  the  upper  extremity  of  the  tibia  on  each  side  of  the 
tubercle ;  externally,  these  portions  merge  into  the  capsular  ligament.  They  are 
termed  lateral  patellar  ligaments.  The  posterior  surface  of  the  ligamentum  patellae 
can  usually  be  easily  separated  from  the  front  of  the  capsular  ligament. 

The  Posterior  Ligament  (Ligamentum  Posticum  Winslowii)  (Fig.  258)  is  a 
broad,  flat,  fibrous  band  formed  of  fiisciculi,  obliquely  directed,  and  separated  from 
one  another  by  apertures  for  the  passage  of  vessels  and  nerves.  The  strongest  of 
these  fasciculi  is  derived  from  the  tendon  of  the  Semimembranosus,  and  passes  from 
the  back  part  of  the  inner  tuberosity  of  the  tibia  obliquely  upward  and  outward  to 
the  back  part  of  the  outer  condyle  of  the  femur.  The  posterior  ligament  forms 
part  of  the  floor  of  the  popliteal  space,  and  the  popliteal  artery  rests  upon  it. 

The  Internal  Lateral  Ligament  is  a  broad,  flat,  membranous  band,  thicker 
behind  than  in  front,  and  situated  nearer  to  the  back  than  the  front  of  the  joint. 
It  is  attached,  above,  to  the  inner  tuberosity  of  the  femur;  below,  to  the  inner 
tuberosity  and  inner  surface  of  the  shaft  of  the  tibia  to  the  extent  of  about  two 
inches.  It  is  crossed,  at  its  lower  part,  by  the  tendons  of  the  Sartorius,  Gracilis, 
and  Semitendinosus  muscles,  a  synovial  bursa  being  interposed.  Its  deep  surface 
covers  the  anterior  portion  of  the  tendon  of  the  Semimembranosus,  the  synovial 
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membrane  of  the  joint,  and  the  inferior  internal  articular  veasela  and  nerve;  it  ia 
intimately  adherent  to  the  internal  semilunar  fibro-cartiiage. 


Fm.liT.-Rlght  knee-joint.    Anterior  vis w.  F10.2S8.— Bight  Imee-Jolnl.    Posterior  view. 

The  Lone  Bxteinal  Lateral  Ligament  is  a  strong,  rounded,  fibrous  cord  situated 
nearer  to  the  back  than  the  front  of  the  joint.  It  is  attached,  above,  to  the  back 
part  of  the  outer  tuberosity  of  the  femur ;  below,  to  the  outer  part  of  the  head  of 
ihe  fibula.  Its  outer  surface  is  covered  by  the  tendon  of  the  Biceps,  which  divides 
ai  its  insertion  into  two  parts,  separated  by  the  ligament.  The  ligament  has, 
ps^ising  beneath  it,  the  tendon  of  the  Popliteus  muscle  and  the  inferior  external 
articular  vessels  and  nerve. 

The  Short  External  Lateral  Ligament  is  an  accessory  bundle  of  fibres  placed 
Wbind  and  parallel  with  the  preceding,  attached,  above,  to  the  lower  and  back 
pan  of  the  outer  tuberosity  of  the  femur;  below,  to  the  summit  of  the  styloid 
prtjcess  of  the  fibula.  This  ligament  is  intimately  connected  with  the  capsular 
ligament,  and  has,  passing  benealh  it,  the  tendon  of  the  Popliteus  muscle  and 
ibe  inferior  external  articular  vessels  and  nerve. 

The  Capsnlar  Ligament  consi.^ts  of  an  exceedingly  thin  but  strong,  fibrous 
lutmbrane  which  fills  in  the  intervals  left  between  the  stronger  bands  above 
Jfrseribed.  and  is  inseparably  connected  with  them.  In  front  it  blends  with  the 
lateral  patellar  ligaments  and  fills  in  the  interval  between  the  anterior  and 
lateral  ligaments  of  the  joint,  with  which  latter  structures  it  is  closely  connected. 
Behind,  it  is  strong,  and  formed  chiefly  of  vertical  fibres,  which  arise  above  from 
the  C'ludyle.'*  and  intercondyloid  notch  of  the  femur,  and  is  connected  below  with 
ihi-  back  part  of  the  head  of  the  tibia,  being  closely  united  with  the  origins  of 
the  Gastrocnemius,  Plantaris,  and  Popliteus  muscles.  It  passes  in  front  of,  but  is 
ia*eparably  connected  with,  the  posterior  ligament. 

The  Cmcial  are  two  interosseous  ligaments  of  considerable  strength  situated 
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ill  the  interior  of  the  joint,  nearer  its  posterior  than  its  anterior  part.     They  are 

called  crwdtii  because  they  cross  each  other  somewhat  like  the  lines  of  the  letter 

X  ;    and    have  received   the  names  anterior 

and    posterior,    from    the    position    of   their 

attachment  to  the  tibia. 

The  Anterior,  or  Eztenal  Cniclal  liga- 
ment (Fig.  259),  is  attached  to  the  depres- 
sion in  front  of  the  spine  of  the  tibia,  being 
blended  with  the  anterior  extremity  of  the 
external  semilunar  fibro-cartilage.  and.  pass- 
ing obliquely  upward,  backward,  and  oul- 
ward,  is  inserted  into  the  inner  and  back 
part  of  the  outer  condyle  of  the  femur.  Its 
direction  is  upward,  backward,  and  outward. 
The  Posterior,  or  Internal  Crucial  Idg- 
oment,  is  stronger,  but  shorter  and  less  ob- 
liijue  in  its  direction,  ihan  the  anterior.  Ii 
is  attached  to  the  back  part  of  the  depres- 
sion behind  the  spine  of  the  tibia,  to  the 
popliteal  notch,  and  lo  the  posterior  extrem- 
ity of  the  external  semilunar  fibro-cartilage; 
and  passes  upward,  forward,  and  inward,  to 
be  inserted  into  the  outer  and  fore  part  of 
the  inner  condyle  of  the  femur.  As  it 
crosses  the  anterior  crucial  ligament  a  fas- 
ciculus is  given  off  from  it.  which  blends  with 
the  posterior  part  of  that  ligament.  It  is 
in  relation,  in  front,  with  the  anterior 
crucial  ligament ;  behind,  with  the  capsular 
ligament. 
nt.1  Xkm^-:^^''*"-  """^-J"""-  ^"""''"f  '"^'-  The  SemUnnar  Fibro-cajrtUages  (Fig.  260) 

are  two  crescentic  lamellie  which  serve  to 
deepen  the  surface  of  the  head  of  the  tibia,  for  articulation  with  the  condyles  of 
the  femur.  The  circumference  of  each  cartilage  is  thick,  convex,  and  attached  to 
the  inside  of  the  .capsule  of   the  knee ;    the  inner  border  is  thin,  concave  and 

free.  Their  upper  surfaces 
are  concave,  and  in  relation 
with  the  condyles  of  the 
femur;  their  lower  surfaces 
are  flat,  and  rest  upon  the 
head  of  the  tibia.  Each  car- 
tilage covery  nearly  the  outer 
two-thirds  of  the  correspond- 
ing articular  surface  of  the 
tibia,  leaving  the  inner  third 
uncovered ;  both  surfaces  are 
smooth  and  invested  by  syno- 
vial membrane. 

The   Internal    Semilnnar 

Fibro-cartilage  is  nearly  sem- 

.!„?.'•■  SiirW.""""- """'""""■'""""'"■'"■■"""  °°~     icipcalar    io    form,   «"  little 

elongated  from  before  back- 
ward, and  broader  behind  than  in  front;  its  anterior  extremity,  thin  and  pointed. 
is  attached  (o  a  depression  on  the  anterior  margin  of  the  bead  of  the  tibia,  in 
front  of  the  anterior  crucial  ligament;  its  posterior  extremity  is  attached  to  the 
depression  behind  the  spine,  between  the  attachments  of  the  external  semilunar 
fibro-cartilage  and  the  posterior  crucial  ligaments. 
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The  External  Semilunar  Hbro-cartilage  forms  nearly  an  entire  circle,  covering 
a  larger  portion  of  the  articular  surface  than  the  internal  one.  It  is  grooved  on 
its  outer  aide  for  the  tendon 
of  the  Popliteus  muscle.  Its 
e.ttremities,  at  their  insertion, 
are  interposed  between  the 
two  extremities  of  the  inter- 
nal semilunar  fibro-cartilage ; 
the  anterior  e.ttrennity  being 
attached  in  front  of  the  spine 
of  the  tibia  to  the  outer  side 
of,  and  behind,  the  anterior 
crucial  ligament,  with  which 
ii  blends ;  the  posterior  ex- 
tremity being  attached  behind 

the  spine  of  the  tibia,  in  front  • 

of  the  posterior  extremity  of 
ihe  internal  semilunar  fibro- 
cartilage.  Just  before  its  in-l 
sertion  posteriorly  it  gives  off 
a  strong  fasciculus,  which 
passes  obliquely  upward  and 
outward,  to  be  inserted  into 
the  inner  condyle  of  the 
femur,  close  to  the  attach- 
ment of  the  posterior  crucial 
ligament.  Occasionally  a 
small  fasciculus  is  given  off 
which  passes  forward  to  be 
inserted  into  the  back  part 
of  the  anterior  crucial  lig- 
ament. The  external  semi- 
lunar fibro-cartilage  gives  oft" 
from  its  anterior  convex  mar- 
gin a  fasciculus  which  forms 
the  transverse  ligament. 

The  TransTerse  Ligament 

ia  a  banH  nf  fihrpa  wliinb  .  Fi<5- Ml.-UnglWdlnal  lectfon  through  Ihe  middle  of  tbe  right 
IS     a      oann      OI      nores     wnicn     knee-joint.    (After  Braune.) 

passes   transversely  from   the 

anterior  convex  margin  of  the  external  semilunar  fibro-cartilage  to  the  anterior 
convex  margin  of  the  internal  semilunar  fibro-cartilage;  its  thickness  varies 
considerably  in  diflereot  subjects,  and  it  is  sometimes  absent  altogether. 

The  Coronary  Ligaments  are  merely  portions  of  the  capsular  ligament,  which 
c<jnnect  the  circumference  of  each  of  the  semilunar  fibro-cartilages  with  the 
margin  of  the  head  of  the  tibia. 

The  Synovial  Membrane  of  the  knee-joint  is  the  largest  and  most  extensive  in 
the  body.  Commencing  at  the  upper  border  of  the  patella,  it  forms  a  short  cul-de- 
Mf  beneath  the  Quadriceps  extensor  tendon  of  the  thigh,  on  the  Iqwer  part  of  the 
front  of  the  shaft  of  the  femur :  this  communicates  with  a  synovial  bursa  inter- 
posed between  the  tendon  and  the  front  of  the  femur  by  an  orifice  of  variable  size. 
On  each  side  of  the  patella  the  synovial  membrane  extends  beneath  the  aponeurosis 
of  the  Vasti  muscles,  and  more  especially  beneath  that  of  the 'Vastus  internus. 
Below  the  patella  it  is  separated  from  the  anterior  ligament  by  the  anterior  part 
of  the  capsule  and  a  considerable  quantity  of  adipose  tissue.  In  this  situation  it 
sends  ofi"  a  triangular  prolongation,  containing  a  few  ligamentous  fibres,  which 
extends  from  the  anterior  part  of  the  joint  below  the  patella  to  the  front  of  the 
intercondyloid  notch.     This  fold  has  been  termed  the  ligamentuni  mueosum.     It 
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also  sends  off  two  fringe-like  folds,  called  the  ligamenta  alaria^  which  extend  from 
the  sides  of  the  ligamentum  mucosum,  upward  and  laterally  between  the  patella 
and  femur.  On  either  side  of  the  joint  it  passes  downward  from  the  femur,  lining 
the  capsule  to  its  point  of  attachment  to  the  semilunar  cartilages  ;  it  may  then  be 
traced  over  the  upper  surfaces  of  these  cartilages  to  their  free  borders,  and  from 
thence  along  their  under  surfaces  to  the  tibia.  At  the  back  part  of  the  external 
one  it  forms  a  cul-de-sac  between  the  groove  on  its  surface  and  the  tendon  of  the 
Popliteus ;  it  surrounds  the  crucial  ligaments  and  lines  the  inner  surface  of  the 
ligaments  which  enclose  the  joints.  The  pouch  of  synovial  membrane  between 
the  Extensor  tendon  and  front  of  the  femur  is  supported,  during  the  movements 
of  the  knee,  by  a  small  muscle,  the  Subcrureus,  w^hich  is  inserted  into  the  upper 
part  of  the  capsular  ligament. 

The  folds  of  synovial  membrane  and  the  fatty  processes  contained  in  them  act, 
as  it  seems,  mainly  as  padding  to  fill  up  interspaces  and  obviate  concussions. 
Sometimes  the  bursa  beneath  the  Quadriceps  extensor  is  completely  shut  off  from 
the  rest  of  the  synovial  cavity,  thus  forming  a  closed  sac  between  the  Quadriceps 
and  the  lower  part  of  the  front  of  the  femur,  or  it  may  communicate  with  the 
synovial  cavity  by  a  minute  aperture. 

The  bursas  about  the  knee-joint  are  the  following: 

In  front  there  are  three  bursae :  one  is  interposed  between  the  patella  and  the 
skin ;  another,  of  small  size,  between  the  upper  part  of  the  tuberosity  of  the  tibia 
and  the  ligamentum  patellae  ;  and  a  third  between  the  lower  part  of  the  tuberosity 
of  the  tibia  and  the  skin.  On  the  outer  side  there  are  four  bursas :  (1)  one  beneath 
the  outer  head  of  the  Gastrocnemius  (which  sometimes  communicates  with  the 
joint);  (2)  one  above  the  external  lateral  ligament  between  it  and  the  tendon  of 
the  6iceps ;  (3)  one  beneath  the  external  lateral  ligament  between  it  and  the  ten- 
don of  the  Popliteus  (this  is  sometimes  only  an  expansion  from  the  next  bursa)  ; 
(4)  one  beneath  the  tendon  of  the  Popliteus  between  it  and  the  condyle  of  the  femur, 
which  is  almost  always  an  extension  from  the  synovial  membrane. 

On  the  inner  side  there  are  five  bursas  :  (1)  one  beneath  the  inner  head  of  the 
Gastrocnemius,  which  sends  a  prolongation  between  the  tendons  of  the  Gastro- 
cnemius and  Semimembranosus :  this  bursa  often  communicates  with  the  joint; 
(2)  one  above  the  internal  lateral  ligament  between  it  and  the  tendons  of  the 
Sartorius,  Gracilis,  and  Semitendinosus ;  (3)  one  beneath  the  internal  lateral 
ligament  between  it  and  the  tendon  of  the  Semimembranosus :  this  is  sometimes 
only  an  expansion  from  the  next  bursa ;  (4)  one  beneath  the  tendon  of  the  Semi- 
membranosus, between  it  and  the  head  of  the  tibia;  (5)  sometimes  there  is  a  bursa 
between  the  tendons  of  the  Semimembranosus  and  of  the  Semitendinosus. 

Structures  around  the  Joint. — In  front  and  iit  the  sides,  the  Quadriceps  exten- 
sor ;  on  the  outer  side,  the  tendons  of  the  Biceps  and  the  Popliteus  and  the 
external  popliteal  nerve ;  on  the  inner  side,  the  Sartorius,  Gracilis,  Semitendinosus, 
and  Semimembranosus  ;  behind,  an  expansion  from  the  tendon  of  the  Semimembra- 
nosus, the  popliteal  vessels,  and  the  internal  popliteal  nerve,  Popliteus,  Plantaris, 
and  inner  and  outer  heads  of  the  Gastrocnemius,  some  lymphatic  glands,  and 
fat. 

The  Arteries  supplying  the  joint  are  derived  from  the  anastomotica  magna 
branch  of  the  femoral,  articular  branches  of  the  popliteal,  anterior  and  posterior 
recurrent  branches  of  the  anterior  tibial,  and  descending  branch  from  the  external 
circumflex  of  the  Profunda. 

The  Nerves  are  derived  from  the  obturator,  anterior  crural,  and  external  and 
internal  popliteal. 

Actions. — The  knee-joint  permits  of  movements  of  flexion  and  extension,  and, 
in  certain  positions,  of  slight  rotation  inward  and  outward.  The  movement  of 
flexion  and  extension  does  not,  however,  take  place  in  a  simple,  hinge-like  man- 
ner, as  in  other  joints,  but  is  a  complicated  movement,  consisting  of  a  certain 
amount  of  gliding  and  rotation  ;  so  that  the  same  part  of  one  articular  surface  is 
not  always  applied  to  the  same  part  of  the  other  articular  surface,  and  the  axis 
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of  motion  is  not  a  fixed  one.     If  the  joint  is  examined  while  in  a  condition  of 

extreme  flexion,  the  posterior  part  of  the  articular  surfaces 

of  the  tibia  will  be  found  to  be  in  contact  with  the  posterior 

rounded  extremities  of  the  condyles  of  the  femur ;  and  if 

a  simple   hinge-like  movement    were  to  take  place,  the 

axis,  round  which   the  revolving  movement  of  the  tibia 

occurs,  would  be  in  the  back  part  of  the  condyle.     If  the 

leg  is  now  brought  forward  into  a  position  of  semiHexion, 

the  upper  surface  of  the  tibia  will  be  seen  to  glide  over 

the  condyles  of  the  femur,  so  that  the  middle  part  of  the 

articular  facets  are  in  contact,  and  the  axis  of  rotation 

must  therefore  have  shifted  forward  to  nearer  the  centre         Ym   am— view  of  the 

of  the  condyles.     If  the  leg   is   now  brought   into   the     pteterior  suriaee  of  the  i«- 

extended  position,  a -still  further  gliding  takes  place  and     loiii-  the  nrea«  S  comact 

a  further  shifting  forward  of  the  axis  of  rotation.      This     ;;!;m™  of ZVuV"'''™'" 

is  not,  however,  a  simple  movement,  hut  is  accompanied 

by  a  certain  amount  of  rotation  outward  round  a  vertical  axis  drawn  through  the 

centre  of  the  head  of  the  tibia.     This  rotation  is  due  to  the  greater  length  of  the 

internal  condyle,  and  to  the  fact  that  the  anterior  portion  of  its  articular  surface 

is  inclined  obliquely  outward.     In  consequence  of  this  it  will  be  seen  that  toward 

the  close  of  the  movement  of  extension — that  is  to  say,  just  before   complete 

extension  is  effected — the   tibia  glides   obliquely  upward  and  outward  over  this 

oblique  surface  of  the  inner  condyle,  and  the  leg  is  therefore  necessarily  rotated 

outward.     In  flexion  of  the  joint  the  converse  of  these  movements  takes  place: 

the  tibia  glides  backward  round  the  end  of  the  femur,  and  at  the  commencement 

of  the  movement  the  tibia  is  directed  downward  and   inward  along  the  oblique 

curve  of  the  inner  condyle,  thus  causing  an  inward  rotation  to  the  leg. 

During  flexion  and  extension  the  patella  moves  on  the  lower  end  of  the  femur, 
but  this  movement  is  not  a  simple  gliding  one ;  for  if  the  articular  surface  of  this 
bone  ia  examined,  it  will  bo  found  to  present  on  each  side  of  the  central  vertical 
ridge  two  less  marked  transverse  ridges,  which  divide  the  surface,  except  a  small 
portion  along  the  inner  border,  which  is  cut  ofi"  by  a  slight  vertical  ridge  into 
fix  facets  (see  Fig.  262),  and  therefore  does  not  present  a  unifonn  curved  sur- 
face, as  would  be  the  case  if  a  simple  gliding  movement  took  place.  These  six 
facets — three  on  each  side  of  the  median  vertical  ridge — correspond  to  and  denote 
the  parts  of  the  bone  respectively  in  contact  with  the  condyles  of  the  femur  during 
dexion,  semiflexion,  and  extension.  In  flexion  only  the  upper  facets  on  the  patella 
are  iti  contact  with  the  condyles  of  the  femur;  the  lower  two-thirds  of  the  bone 
rests  npoD  the  mass  of  fat  which  occupies  the  space  between  the  femur  and  tibia. 
In  the  semiflexed  position  of  the  joint  the  middle  facets  on  the  patella  rest  upon 
the  most  prominent  portion  of  the  condyles,  and  thus  afford  greater  leverage  to 
the  Quadriceps  by  increasing  its  distance  from  the  centre  of  motion.  In  complete 
extension  the  patella  is  drawn  up,  so  that  only  the  lower  facets  are  in  contact  wiih 
the  articular  surfaces  of  the  condyles.  The  narrow  strip  along  the  inner  bor(rer 
ia  an  exception  to  this,  and  would  appear  to  be  in  contact  with  the  internal  condyle 
throughout  its  whole  extent  in  every  position  of  the  joint.  As  in  the  elbow,  so  it 
is  in  the  knee — the  axis  of  rotation  in  flexion  and  extension  is  not  precisely  at 
right  angles  to  the  axis  of  the  bone,  but  during  flexion  there  is  a  certain  amount 
of  alteration  of  plane;  so  that,  whereas  in  flexion  the  femur  and  tibia  are  in  the 
same  plane,  in  extension  the  one  bone  forms  an  angle  of  about  ten  degrees  with 
the  other.  There  is,  however,  this  difference  between  the  two  extremities:  that 
in  the  upper,  during  extension,  the  humeri  are  parallel  and  the  bones  of  the 
forearm  diverge;  in  the  lower,  the  femora  converge  below  and  the  tibia  are 
parallel. 

In  addition  to  the  slight  rotation  during  flexion  and  extension,  the  tibia  enjoys 
an  independent  rotation  on  the  condyles  of  the  femur  in  certain  positions  of  the 
joint.     This  movement  takes  place  between  the  interarticular  fihro-cartilages  and 
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the  tibia,  whereas  the  movement  of  flexion  and  extension  takes  place  between  the 
interarticular  fibro-cartilages  and  the  femur.  So  that  the  knee  may  be  said  to 
consist  of  two  joints,  separated  by  the  fibro-cartilages  :  an  upper  (menisco-femoral), 
in  which  flexion  and  extension  take  place ;  and  a  lower  (menisco-tibial),  allowing 
of  a  certain  amount  of  rotation.  This  latter  movement  can  only  take  place  in  the 
semiflexed  position  of  the  limb,  when  all  the  ligaments  are  relaxed. 

During  flexion  the  ligamentum  patellae  is  put  upon  the  stretch,  as  is  also 
the  posterior  crucial  ligament  in  extreme  flexion.  The  other  ligaments  are  all 
relaxed  by  flexion  of  the  joint,  though  the  relaxation  of  the  anterior  crucial  ligament 
is  very  trifling.  Flexion  is  only  checked  during  life  by  the  contact  of  the  leg  with 
the  thigh.  In  extension  the  ligamentum  patellae  becomes  relaxed,  and,  in  extreme 
extension  completely  so,  so  as  to  allow  free  lateral  movement  to  the  patella,  which 
then  rests  on  the  front  of  the  lower  end  of  the  femur.  The  other  ligaments,  with 
the  exception  of  the  posterior  crucial,  which  is  partly  relaxed,  are  all  on  the  stretch. 
When  the  limb  has  been  brought  into  a  straight  line,  extension  is  checked  mainly 
by  the  tension  of  all  the  ligaments  except  the  posterior  crucial  and  ligamentum 
patellae.  The  movements  of  rotation^  of  which  the  knee  is  capable,  are  permitted 
in  the  semiflexed  condition  by  the  partial  relaxation  of  both  crucial  ligaments,  as 
well  as  the  lateral  ligaments.  Rotation  inward  appears  to  be  limited  by  the 
tension  of  the  anterior  crucial  ligament,  and  by  the  interlocking  of  the  two  liga- 
ments ;  but  rotation  outward  does  not  appear  to  be  checked  by  either  crucial 
ligament,  since  they  uncross  during  the  execution  of  this  movement,  but  by  the 
lateral  ligaments,  especially  the  internal.  The  main  function  of  the  crucial  liga- 
ments is  to  act  as  a  direct  bond  of  union  between  the  tibia  and  femur,  preventing 
the  former  bone  from  being  carried  too  far  backward  or  forward.  Thus  the 
anterior  crucial  ligament  prevents  the  tibia  being  carried  too  far  forward  by  the 
extensor  tendons,  and  the  posterior  crucial  checks  too  great  movement  backward 
by  the  flexors.  They  also  assist  the  lateral  ligaments  in  resisting  any  lateral 
bending  of  the  joint.  The  interarticular  cartilages  are  intended,  as  it  seems, 
to  adapt  the  surface  of  the  tibia  to  the  shape  of  the  femur  to  a  certain  extent, 
so  as  to  fill  up  the  intervals  which  would  otherwise  be  left  in  the  varying 
positions  of  the  joint,  and  to  interrupt  the  jars  which  would  be  so  frequently 
transmitted  up  the  limb  in  jumping  or  falls  on  the  feet;  also  to  permit  of  the 
two  varieties  of  motion,  flexion  and  extension,  and  rotation,  as  explained  above. 
The  patella  is  a  great  defence  to  the  knee-joint  from  any  injury  inflicted  in  front, 
and  it  distributes  upon  a  large  and  tolerably  even  surface  during  kneeling  the 
pressure  which  would  otherwise  fall  upon  the  prominent  ridges  of  the  condyles ;  it 
also  affords  leverage  to  the  Quadriceps  extensor  muscle  to  act  upon  the  tibia ;  and 
Mr.  Ward  has  pointed  out '  how  this  leverage  varies  in  the  various  positions  of  the 
joint,  so  that  the  action  of  the  muscles  produces  velocity  at  the  expense  of  force  in 
the  commencement  of  extension,  and,  on  the  contrary,  at  the  close  of  extension 
tends  to  diminish  velocity,  and  therefore  the  shock  to  the  ligaments ;  whilst  in  the 
standing  position  it  draws  the  tibia  powerfully  forward,  and  thus  maintains  it  in 
its  place. 

Uxfension  of  the  leg  on  the  thigh  is  performed  by  the  Quadriceps  extensor ; 
flexion  by  the  hamstring  muscles,  assisted  by  the  Gracilis  and  Sartorius,  and, 
indirectly,  by  the  Gastrocnemius,  Popliteus,  and  Plantaris ;  rotation  outward,  by 
the  Biceps ;  and  rotation  inward  by  the  Popliteus,  Semitendinosus,  and,  to  a 
slight  extent,  the  Semimembranosus,  the  Sartorius,  and  the  Gracilis. 

Siuf ace  Form. — The  interval  between  the  two  bones  entering  into  the  formation  of  the 
knee-joint  can  always  easily  be  felt.  If  the  limb  is  extended,  it  is  situated  on  a  slightly  higher  level 
than  the  apex  of  the  patella;  but  if  the  limb  is  slightly  flexed,  a  knife  carried  horizontally  back- 
ward immediately  below  the  apex  of  the  patella  would  pass  directly  into  the  joint.  Wh®^  ^^^^ 
knee-ioint  is  distended  with  fluid,  the  outline  of  the  synovial  membrane  at  the  front  of  the  knee 
may  oe  fairly  well  mapped  out. 

Surgical  Anatomy. — From  a  consideration  of  the  construction  of  the  knee-joint  it  would 
at  first  sisrht  appear  to  be  one  of  the  least  secure  of  any  of  the  joints  in  the  body.     It  is  formed 

*  Human  Osteology^  p.  405. 
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between  the  two  longest  bones,  and  therefore  the  amount  of  leverage  which  can  be  brought  to 
bear  upon  it  is  very  considerable ;  the  articular  surfaces  are  but  ill  adapted  to  each  other,  and 
the  ran^e  and  variety  of  motion  which  it  enioys  is  great.  All  these  circumstances  tend  to  render 
the  articulation  very  insecure ;  but,  nevertneless,  on  account  of  the  veiy  powerful  ligaments 
which  bind  the  bones  together,  the  joint  is  one  of  the  strongest  in  the  body,  and  dislocation 
from  traumatism  is  of  very  rare  occurrence.  When,  on  the  other  hand,  the  ligaments  have 
been  softened  or  destroyed  by  disease,  partial  displacement  is  ver^  liable  to  occur,  and  is 
frequentlv  brought  about  by  the  mere  action  of  the  muscles  displacing  the  larticular  surfaces 
from  each  other.  The  tibia  may  be  dislocated  in  any  direction  from  the  femur — forward,  back- 
ward, inward,  or  outward ;  or  a  combination  of  two  of  these  dislocations  may  occur — ^that  is,  the 
tibia  may  be  dislocated  forward  and  laterally,  or  backward  and  laterally;  and  any  of  these  dis- 
locations may  be  complete  or  incomplete.  As  a  rule,  however,  the  antero-posterior  dislocations 
are  complete,  the  lateral  ones  incomplete. 

One  or  other  of  the  semilunar  cartilages  may  become  displaced  and  nipped  between  the 
femur  and  tibia.  The  accident  is  produced  Iw  a  twist  of  the  leg  when  the  knee  is  flexed,  and  is 
accompanied  by  a  sudden  pain  ana  fixation  of  the  knee  in  a  flexed  position.  The  cartilage  may 
be  displaced  either  inward  or  outward :  that  is  to  say^  either  inward  toward  the  tibial  spme,  so 
that  tne  cartilage  becomes  lodged  in  the  intercondyloid  notch ;  or  outward,  so  that  the  cartilage 
projects  beyona  the  margin  of  the  two  articulating  bones.  Acute  synovitis,  the  result  of 
traumatism  or  exposure  to  cold,  is  very  common  in  the  knee,  on  account  of  its  superficial  posi- 
tion. When  distended  with  fluid,  the  swelling  shows  itself  above  and  at  the  sides  of  the  patella, 
reaching  about  an  inch  or  more  above  the  trochlear  surface  of  the  femur,  and  extending  a  little 
higher  under  the  Vastus  intemus  than  the  Vastus  externus.  Occasionally  the  swellmg  may 
extend  two  inches  or  more.  At  the  sides  of  the  patella  the  swelling  extends  lower  at  the  inner 
side  than  it  does  on  the  outer  side.  The  lower  level  of  the  synovial  membrane  is  just  above  the 
level  of  the  upper  part  of  the  head  of  the  fibula.  In  the  middle  line  it  covers  the  upper  third 
of  the  ligamentum  patellae,  being  separated  from  it,  however,  by  the  capsule  and  a  little  fat. 
Chronic  synovitis  principally  shows  itself  in  the  form  of  pulpy  degeneration  of  the  synovial 
membrane',  leading  to  tubercular  arthritis.  The  reasons  why  tubercular  disease  of  the  knee 
usually  commences  in  the  synovial  membrane  appear  to  be  the  complex  and  extensive  nature  of 
this  sac ;  the  extensive  vascular  supply  to  it ;  and  the  fact  that  injuries  are  generally  diflused 
and  applied  to  the  front  of  the  jomt  rather  than  to  the  ends  of  the  bones.  Syphilitic  disease 
not  untrequently  attacks  the  knee-joint.  In  the  hereditary  form  of  the  disease  it  is  usually 
symmetrical,  attacking  both  joints,  which  become  filled  with  synovial  efiusion,  and  is  very 
intractable  and  difficult  of  cure.  In  the  tertiary  form  of  the  disease  gummatous  infiltration  of 
the  synovial  membrane  may  take  place.  The  knee  is  one  of  the  joints  most  commonly  affected 
with  osteo-arthritis,  and  is  said  to  oe  more  frequently  the  seat  of  this  disease  in  women  than  in 
men.  The  occurrence  of  the  so-called  loose  cartilage  is  almost  confined  to  the  knee,  though  they 
are  occasionally  met  with  in  the  elbow,  and,  rarely,  in  some  other  joints.  Many  of  them  occur 
in  cases  of  osteo-arthritis,  in  which  calcareous  or  cartilaginous  material  is  formed  in  one  of  the 
synovial  fringes  and  constitutes  the  foreign  body,  and  may  or  may  not  become  detached,  in  the 
former  case  only  meriting  the  usual  term,  *' loose"  cartilage.  In  other  cases  they  have  their 
origin  in  the  exudation  of  inflammatory  lymph,  and  possibly,  in  some  rare  instances,  a  portion 
of  the  articular  cartilage  or  one  of  the  semilunar  cartilages  becomes  detached  and  constitutes  the 
forei^  body. 

Genu  valgum,  or  knock-knee,  is  a  common  deformity  of  childhood,  in  which,  owing  to 
changes  in  and  about  the  joint,  the  angle  between  the  outer  border  of  the  tibia  and  femur  is 
diminished,  so  that  as  the  patient  stands  the  two  internal  condyles  of  the  femora  are  in  contact, 
but  the  two  internal  malleoli  of  the  tibiae  are  more  or  less  widely  separated  from  each  other. 
When,  however,  the  knees  are  flexed  to  a  right  angle,  the  two  legs  are  practically  parallel  with 
each  other.  At  the  commencement  of  the  disease  there  is  a  yielding  of  the  internal  lateral  liga- 
ment and  other  fibrous  structures  on  the  inner  side  of  the  joint;  as  a  result  of  this  there  is  a 
constant  undue  pressure  of  the  outer  tuberosity  of  the  tibia  against  the  outer  condyle  of  the 
femur.  This  extra  pressure  causes  arrest  of  growth  and,  possibly,  wasting  of  the  outer  con- 
djrle,  and  a  consequent  tendency  for  the  tibia  to  become  separatea  from  the  internal  condyle. 
To  prevent  this  the  internal  condyle  becomes  depressed;  probably,  as  was  first  pointed  out  by 
Mikulicz,  by  an  increased  growth  of  the  lower  end  of  the  diaphysis  on  its  inner  side,  so  that  the 
line  of  the  epiphysis  becomes  oblique  instead  of  transverse  to  the  axis  of  the  bone,  with  a  direc- 
tion downward  and  inward. 

Excision  of  the  knee-joint  is  most  frequently  required  for  tubercular  disease  of  this  articula- 
tion, but  is  also  practised  in  cases  of  disorganization  of  the  knee  af\er  rheumatic  fever,  pyaemia, 
etc,  in  osteo-artnritis,  and  in  ankylosis.  It  is  also  occasionally  called  for  in  cases  of  injur>%  gun- 
shot or  otherwise.  The  operation  is  best  performed  either  by  a  horeeshoe  incision,  starting?  from 
one  condyle,  descending  as  low  as  the  tubercle  of  the  tibia,  where  it  crosses  the  leg,  and  is  then 
carried  upward  to  the  other  condyle ;  or  by  a  transverse  incision  across  the  patella.  In  this 
latter  incision  the  patella  is  either  removed  or  sawn  acros.s,  and  the  halves  subsequently  sutured 
together.  The  bones  having  been  cleared,  and  in  those  cases  where  the  operation  is  performed 
for  tubercular  disease  all  pulpy  tissue  having  been  carefully  removed,  the  section  of  the  femur 
is  finst  made.  This  should  never  include,  in  children,  more  than,  at  the  most,  two-thirds 
of  the  articular  surface,  otherwise  the  epiphj^sis  will  be  included,  with  disastrous  results  as  far 
as  regards  the  growth  of  the  limb.     Afterward  a  thin  slice  should  be  removed  from  the  upper 
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end  of  the  tibia,  not  more  than  half  an  inch.  If  an}'  diseased  tissue  still  appears  to  be  left  in 
the  bones,  it  should  be  removed  with  the  gouge  rather  than  that  a  further  section  of  the  bones 
should  be  made. 

in.  Articulations  between  the  Tibia  and  FibiQa. 

The  articulations  between  the  tibia  and  fibula  are  effected  by  ligaments  which 
connect  both  extremities,  as  well  as  the  shafts  of  the  bones.  They  may,  con- 
sequently, be  subdivided  into  three  sets :  1.  The  Superior  Tibio-fibular  articula- 
tion. 2.  The  Middle  Tibio-fibular  ligament  or  interosseous  membrane.  3.  The 
Inferior  Tibio-fibular  articulation. 

1.  Superior  Tibio-fibular  Articulation. 

This  articulation  is  an  arthrodial  joint.  The  contiguous  surfaces  of  the  bones 
present  two  flat,  oval  facets  covered  with  cartilage,  and  connected  together  by  the 
following  ligaments: 

Anterior  Superior  Tibio-fibular. 
Posterior  Superior  Tibio-fibular. 

The  Anterior  Superior  Ligament  (Fig.  259)  consists  of  two  or  three  broad  and 
flat  bands  which  pass  obliquely  upward  and  inward  from  the  front  of  the  head  of 
the  fibula  to  the  front  of  the  outer  tuberosity  of  the  tibia. 

The  Posterior  Superior  Ligament  (Fig.  258)  is  a  single  thick  and  broad  band 
which  passes  upward  and  inward  from  the  back  part  of  the  head  of  the  fibula  to 
the  back  part  of  the  outer  tuberosity  of  the  tibia.  It  is  covered  by  the  tendon  of 
the  Popliteus  muscle. 

A  Synovial  Membrane  lines  this  articulation,  which  at  its  upper  and  back  part 
is  occasionally  continuous  with  that  of  the  knee-joint. 

2.   Middle  Tibio-fibular  Ligament  or  Interosseous  Membrane. 

An  interosseous  membrane  extends  between  the  contiguous  margins  of  the 
tibia  and  fibula,  and  separates  the  muscles  on  the  front  from  those  on  the  back  of 
the  leg.  It  consists  of  a  thin,  aponeurotic  lamina  composed  of  oblique  fibres 
which  pass  downward  and  outward  between  the  interosseous  ridges  on  the  two 
bones.  It  is  broader  above  than  below.  Above  its  upper  border  is  a  large,  oval 
aperture  for  the  passage  of  the  anterior  tibial  vessels  forward  to  the  anterior  aspect 
of  the  leg ;  and  at  its  lower  part  an  opening  for  the  passage  of  the  anterior  pero- 
neal vessels.  It  is  continuous  below  w^ith  the  inferior  interosseous  ligament,  and 
is  perforated  in  numerous  parts  for  the  passage  of  small  vessels.  It  is  in  relation, 
in  front,  with  the  Tibialis  anticus.  Extensor  longus  digitorum.  Extensor  proprius 
hallucis,  Peroneus  tertius,  and  the  anterior  tibial  vessels  and  nerve ;  behind,  with 
the  Tibialis  posticus  and  Flexor  longus  hallucis. 

3.  Inferior  Tibio-fibular  Articulation. 

This  articulation  is  formed  by  the  rough,  convex  surface  of  the  inner  side  of 
the  lower  end  of  the  fibula,  connected  with  a  concave  rough  surface  on  the  outer 
side  of  the  tibia.  Below,  to  the  extent  of  about  two  lines,  these  surfaces  are 
smooth,  and  covered  with  cartilage,  which  is  continuous  with  that  of  the  ankle- 
joint.     The  ligaments  of  this  joint  are — 

Anterior  Inferior  Tibio-fibular.  Transverse. 

Posterior  Inferior  Tibio-fibular.  Inferior  Interosseous. 

The  Anterior  Inferior  Ligament  (Fig.  264)  is  a  flat,  triangular  band  of  fibres, 
broader  below  than  above,  which  extends  oblicjuely  downward  and  outward 
between  the  adjacent  margins  of  the  tibia  and  fibula,  on  the  front  aspect  of  the 
articulation.     It  is  in  relation,  in  front,  with  the  Peroneus  tertius,  the  aponeurosis 
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of  the  leg,  and  the  integument;  behind,  with  the  inferior  interosseous  ligament; 
snJ  lies  in  contact  vrilh  the  cartilage  covering  the  astragalus. 

The  PoBterior  Inferiot  Ligament,  smaller  than  the  preceding,  is  disposed  in  a 
similar  manner  on  the  posterior  surface  of  the  articulation. 

The  Transverse  Ligament  is  a  long,  narrow  band,  continuous  with  the  preceding, 
passing  transversely  across  the  back  of  the  joint,  from  the  external  malleolus  to 
the  posterior  border  of  the  articular  surface  of  the  tibia,  almost  as  far  as  its  mal- 
leolar process.  This  ligament  projects  below  the  margin  of  the  bones,  and  forms 
part  of  the  articulating  surface  for  the  astragalus. 

The  Inferior  Interosaeons  Ligament  consists  of  numerous  short,  strong,  fibrous 
bauds  which  pass  between  the  contiguous  rough  surfaces  of  the  tibia  and  fibula, 
and  constitute  the  chief  bond  of  union  between  the  bones.  This  ligament  is  con- 
tinuous above  with  the  interosseous  membrane. 

The  Synorlal  Membrane  lining  the  articular  surface  is  derived  from  that  of  the 
anlile-joint. 

Actions. — The  movement  permitted  in  these  articulations  is  limited  to  a  very 
slight  gliding  of  the  articular  surfaces  one  upon  another. 

IV.  Ankle-joint. 
The  Ankle  is  a  ginglymus  or  hinge-joint.  The  bones  entering  into  its  forma- 
tion are  the  lower  extremity  of  the  tibia  and  its  malleolus  and  the  external  mal- 
leolus of  the  fibula.  These  bones  are  united  above,  and  form  a  mortise  to  receive 
the  upper  convex  surface  of  the  astragajus  and  its  two  lateral  facets.  The  bony 
surfaces  are  covered  with  cartilage,  and  connected  together  by  a  capsule,  which  in 
places  forms  thickened  bands  constituting  the  following  ligaments : 

Anterior.  Internal  Lateral. 

Posterior.  External  Lateral. 

The  Anterior  Tlbio-taxsal  Ligament  (Fig.  263)  is  a  broad,  thin,  membi'anous 
layer,  attached,  above,  to  the  margin  of  the  articular  surface  of  the  tibia ;  below, 


Fib.  263. -Ankle-joint :  taml  ftnd  tsrso-melalarsal  nnloiilnti.nis.    IiitiTiial  view.    Btglil  slil«, 

to  the  margin  of  the  astragalus,  in  front  of  its  articular  surface.      It  is  in  relation, 
in  front,  with  the  Extensor  tendons  of  the  toes,  with  the  tendons  of  the  Tibialis 
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fiDticus  and  Peroneus  tcrtius,  and  the  anterior  tibial  vessels  and  nerve ;  behind,  it 
lies  in  contact  with  the  synovial  membrane. 

The  Posterior  Tlbio-tars&I  Ligament  is  very  thin,  and  consists  principally  of 
transverse  fibres.  It  is  attached,  above,  to  the  margin  of  the  articular  surface  of  the 
tibia,  blending  with  the  transverse  tibio-fibular  ligament ;  below,  to  the  astragalus, 
behind  its  superior  articular  facet.  Externally  it  is  thicker  than  internally,  where 
a  somewhat  thickened  band  of  transverse  fibres  is  attached  to  the  hollow  on  the 
inner  surface  of  the  external  malleolus. 

The  Internal  Lateral  or  Deltoid  Ligament  is  a  strong,  flat,  triangular  band, 
attached,  above,  to  the  apex  and  anterior  and  posterior  borders  of  the  inner  mal- 
leolus. The  most  anterior  fibres  pass  forward  to  be  inserted  into  the  navicular 
bone  and  the  inferior  calcaneo-oavicular  ligament;  the  middle  descend  almost 
perpendicularly  to  be  inserted  into  the  sustentaculum  tali  of  the  os  calcis  ;  and  the 
posterior  fibres  pass  backward  and  outward  to  be  attached  to  the  inner  side  of  the 
astragalus.  This  ligament  is  covered  by  the  tendons  of  the  Tibialis  posticus  and 
Flexor  longus  digitorum  muscles. 


Fig,  %i.— Auklt:-JolDt :  Canal  iiDd  urao-mvlauirGal  articulations.    £it«riial  view.   Bight  aide. 

The  ExtemaJ  Lateral  Ligament  (Fig.  264)  consists  of  three  distinctly  special- 
ized fasciculi  of  the  capsule,  taking  different  directions  and  separated  by  distinct 
intervals;  for  which  reason  it  is  described  by  some  anatomists  as  three  distinct 
ligaments.' 

The  anterior  fasciculus  (anterior  astragalo-fibular),  the  shortest  of  the  three, 
passes  from  the  anterior  margin  of  the  summit  of  the  external  malleolus,  downward 
and  foi-ward,  to  the  astragalus,  in  front  of  its  external  articular  facet. 

The  posterior  fasciculus  (posterior  astragalo-fibular),  the  most  deeply  seated, 
passes  from  the  depression  at  the  inner  and  back  part  of  the  external  malleolus 
to  a  prominent  tubercle  on  the  posterior  surface  of  the  astragalus.  Its  fibres  are 
almost  horizontal  in  direction. 

The  middle  fasciculus  (calcaneo-fibular),  the  longest  of  the  three,  is  a  narrow, 
rounded  cord  passing  from  the  apex  of  the  external  malleolus  downward  and 
slightly  backward  to  a  tubercle  on  the  outer  surface  of  the  os  calcis.  It  is  covered 
by  the  tendons  of  the  Peroneus  longus  and  brevis, 

I  Huni[jhrv,  On  ih'  Mtlelua,  p.  559. 
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The  Synovial  Membrane  invests  the  inner  surface  of  the  ligaments,  and  sends 
a  duplicature  upward  between  the  lower  extremities  of  the  tibia  and  fibula  for  a 
short  distance. 

Relations. — The  tendons,  vessels,  and  nerves  in  connection  with  the  joint  are, 
in  front,  from  within  outward,  the  Tibialis  anticus,  Extensor  proprius  hallucis, 
anterior  tibial  vessels,  anterior  tibial  nerve,  Extensor  communis  digitorum,  and 
Peroneus  tertius ;  behind,  from  within  outward,  the  Tibialis  posticus,  Flexor  longus 
digitorum,  posterior  tibial  vessels,  posterior  tibial  nerve,  Flexor  longus  hallucis ; 
and,  in  the  groove  behind  the  external  malleolus,  the  tendons  of  the  Peroneus 
longus  and  brevis. 

The  Arteries  supplying  the  joint  are  derived  from  the  malleolar  branches  of  the 
anterior  tibial  and  the  peroneal. 

The  Nerves  are  derived  from  the  anterior  and  posterior  tibial. 

Actions. — The  movements  of  the  joint  are  those  of  flexion  and  extension. 
The  malleoli  tightly  embrace  the  astragalus  in  all  positions  of  the  joint,  so  that  any 
slight  degree  of  lateral  movement  which  may  exist  is  simply  due  to  stretching 
of  the  inferior  tibio-fibular  ligaments  and  slight  bending  of  the  shaft  of  the 
fibula.  Of  the  ligaments,  the  internal,  or  deltoid,  is  of  very  great  power — so 
much  so  that  it  usually  resists  a  force  which  fractures  the  process  of  bone  to  which 
it  is  attached.  Its  middle  portion,  together  with  the  middle  fasciculus  of  the 
external  lateral  ligament,  binds  the  bones  of  the  leg  firmly  to  the  foot  and  resists 
displacement  in  every  direction.  Its  anterior  and  posterior  fibres  limit  extension 
and  flexion  of  the  foot  respectively,  and  the  anterior  fibres  also  limit  abduction. 
The  posterior  portion  of  the  external  lateral  ligament  assists  the  middle  portion  in 
resisting  the  displacement  of  the  foot  backward,  and  deepens  the  cavity  for  the 
reception  of  the  astragalus.  The  anterior  fasciculus  is  a  security  against  the  dis- 
placement of  the  foot  forward,  and  limits  extension  of  the  joint.  The  movements 
of  abduction  and  adduction  of  the  foot,  together  with  the  minute  changes  in  form 
by  which  it  is  applied  to  the  ground  or  takes  hold  of  an  object  in  climbing,  etc.,  are 
mainly  effected  in  the  tarsal  joints,  the  one  which  enjoys  the  greatest  amount  of 
motion  being  that  between  the  astragalus  and  os  calcis  behind  and  the  navicular 
and  cuboid  in  front.  This  is  often  called  the  transverse  or  medio-tarsal  joints  and 
it  can,  with  the  subordinate  joints  of  the  tarsus,  replace  the  ankle-joint  in  a  great 
measure  when  the  latter  has  become  ankylosed. 

Extension  of  the  tarsal  bones  upon  the  tibia  and  fibula  is  produced  by  the 
Gastrocnemius,  Soleus,  Plantaris,  Tibialis  posticus,  Peroneus  longus  and  brevis. 
Flexor  longus  digitorum,  and  Flexor  longus  hallucis ;  flexion^  by  the  Tibialis  anti- 
cus, Peroneus  tertius.  Extensor  longus  digitorum,  and  Extensor  proprius  hallucis  ;^ 
adduction^  in  the  extended  position,  is  produced  by  the  Tibialis  anticus  and  posti- 
cus ;  and  abduction  by  the  Peronei. 

Sur&ce  Form. — ^The  line  of  the  ankle-joint  may  be  indicated  by  a  transverse  line  drawn 
across  the  front  of  the  bwer  part  of  the  leg,  about  half  an  inch  above  the  level  of  the  tip  of  the 
internal  malleolus. 

Surgical  Anatomy. — ^Displacement  of  the  trochlear  surface  of  the  astragalus  fi-om  the 
tibio-fibular  mortise  is  not  of  common  occurrence,  as  the  ankle-joint  is  a  very  strong  and  powerful 
articulation,  and  great  force  is  required  to  produce  it.  Nevertheless,  dislocation  does  occasionally 
occur,  both  in  an  antero-posterior  and  a  lateral  direction.  In  the  latter,  which  is  the  most  com- 
mon, fracture  is  a  necessary  accompaniment  of  the  injury.  The  dislocation  in  these  cases  is 
aomewhat  peculiar,  and  is  not  a  displacement  in  a  horizontally  lateral  direction,  such  as  usually 
occurs  in  lateral  dislocations  of  ginglymoid  joints,  but  the  astragalus  undergoes  a  partial  rotation 
round  an  antero-posterior  axis  drawn  through  its  own  centre,  so  that  the  superior  surface,  instead 
of  being  directed  upward,  is  inclined  more  or  less  inward  or  outward  according  to  the  variety  of 
the  displacement. 

The  ankle-joint  is  more  frequently  sprained  than  any  joint  in  the  body,  and  this  may  lead 
to  acute  synovitia  In  these  cases,  when  the  synovial  sac  is  distended  with  fluid,  the  bulging 
appears  principally  in  the  front  of  the  joint,  beneath  the  anterior  tendons,  and  on  either  side, 
between  the  Tibialis  anticus  and  the  internal  lateral  ligament  on  the  inner  side,  and  between  the 

*  The  student  must  bear  in  mind  that  the  Extensor  longus  digitorum  and  Extensor  proprius  bal- 
lads are  aienwrs  of  the  toes,  but /exor«  of  the  ankle,  and  that  the  Flexor  longus  digitorum  and  Flexor 
longos  hallucis  ureJUxors  of  the  toes,  but  extensors  of  the  ankle. 
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Peroneus  tertius  and  the  cstenia)  lateml  liKitiiient  od  the  outer  side.  In  additjon  to  tbiB,  bulging 
frequently  occurs  posteriorly,  and  a  fluctuating  HwelUng  may  be  detected  on  either  aide  of  the 
lendo  Achillis. 

Chronic  synovitis  may  result  from  frenuent  sprains,  and  when  once  this  joint  has  been 
sprained  it  is  more  liable  to  a  recurrence  of  the  iiyury  than  it  vas  before ;  or  it  may  be  tuber 


Fio.  265.— ?eMlon  of  the  rlghl  fool  neai  _...,,       _„ . 

cuDelforiD.  ■nil  Bnt  metauisal  bonr,  and  tlie  Urct  pbalniii  of  ilie  great  to«.    (After  Braune.) 

cular  in  its  origin,  the  dieeaae  usually  coniniencing  in  the  astragalus  and  extending  to  the  Joint, 
though  it  may  commence  as  a  tubercular  synovitis  the  result  probably  of  some  slight  strain  in  a 
tubercular  subject. 

Excision  of  the  ankle-joint  is  not  often  performed  for  two  reasons.  In  the  first  place, 
disease  of  the  articulation  for  which  this  operation  is  indicated  is  freituently  associated  with 
disease  of  the  tarsal  bones,  which  prevents  its  performance ;  and,  secondly,  the  foot  after 
excision  is  ft^quently  of  very  little  use ;  far  less,  in  fact,  than  after  a  Sj'mes's  amputation,  which 
is  often,  therefore,  a  preferable  operation  in  these  cases.  Kicision  may,  however,  be  attempted 
in  cases  of  tubercular  artliritia,  m  a  young  and  otherwise  healthy  subject,  where  the  disease  is 
limited  to  the  bones  forming  the  joint.  It  may  also  be  required  after  injury  where  the  vessels 
and  nenes  have  not  been'daniaged  and  the  patient  is  young  and  fi^e  from  visceral  disease. 
The  excision  is  best  performed  by  two  lateral  incisions.  One  commencing  two  and  a  half  inches 
above  the  external  malleolus,  carried  down  the  posterior  border  of  the  fibula,  round  the  end  of 
the  bone,  and  then  forward  and  downward  as  tar  as  the  calcanco-cuboid  joint,  midway  between  * 
the  tip  of  the  external  malleolus  and  the  tuberosity  on  the  fifth  nietatarsal  bone.  Through  this 
incision  the  fibula  is  cleared,  the  exiemal  lateral  ligament  is  divided,  and  the  bone  sawn  through 
at  the  upper  end  of  the  incision  and  removed.  A  similar  curved  incision  is  now  made  on  the 
inner  side  of  the  fool,  commencing  two  and  a  half  inches  above  the  lower  end  of  the  tibia. 
carried  down  the  posterior  border  of  the  bone,  round  the  internal  malleolus,  and  forward  and 
downward  to  the  tuberosity  of  the  navicular  bone.  Through  this  incision  the  tibia  is  cleared  in 
front  and  behind,  the  internal  lateral,  the  anterior  and  posterior  ligaments  divided,  and  the  end 
of  the  tibia  protruded  through  the  wound  by  displacing  the  foot  outward,  and  sawn  off  sufiiciently 
high  to  secure  a  healthy  section  of  bone.  The  articular  surface  of  the  astragalus  is  now  to  be 
sawn  ()ff  or  the  whole  bone  removed.  In  cases  where  the  operation  is  performed  for  tubercular 
arthritis  the  latter  course  is  probably  preferable,  as  the  injurv-  done  by  the  saw  is  frequently  the 
starting  point  of  fresh  caries;  and  after  removal  of  the  whole  bone  the  shortening  is  not  appreci- 
ably inc-reaseil,  and  the  result  as  regards  union  appears  to  be  as  good  as  when  two  sawn  surfaces 
of  bone  are  brought  into  apposition. 

V.  Articulations  of  the  Torsas. 

1.   Articulations  of  the  Os  C.^lcis  asd  Astrag.^lus. 
The  articulations  between  the  os  calcis  and  astragalus  are  two  in  number — 
anterior  and  posterior.     They  are  arthrmlial  joints.     The  bonea  are  connected 
together  by  four  ligaments: 

External  Calcaneo-astiagaloid.  Posterior  Calcaneo-aBtragaloid. 

Internal  Calcaneo-astraxatoid.  Interosseous. 
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The  External  Calcaneo-astragaloid  Ligament  (Fig.  264)  is  a  short,  strong, 
fasciculus  passing  from  the  outer  surface  of  the  astragalus,  immediately  beneath 
its  external  malleolar  facet,  to  the  outer  surface  of  the  os  calcis.  It  is  placed  in 
front  of  the  middle  fasciculus  of  the  external  lateral  ligament  of  the  ankle-joint, 
with  the  fibres  of  which  it  is  parallel. 

The  Internal  Oalcaneo-astragaloid  Ligament  is  a  band  of  fibres  connecting  the 
internal  tubercle  of  the  back  of  the  astragalus  with  the  back  of  the  sustentaculum 
tali.     Its  fibres  blend  with  those  of  the  inferior  calcaneo-navicular  ligament. 

The  Posterior  Calcaneo-astragaloid  Ligament  (Fig.  268)  connects  the  posterior 
external  tubercle  of  the  astragalus  with  the  upper  and  inner  part  of  the  os  calcis ; 
it  is  a  short,  narrow  band,  the  fibres  of  which  radiate  from  their  narrow  attach- 
ment to  the  astracralus. 

The  Interosseous  Ligament  forms  the  chief  bond  of  union  between  the  bones. 
It  consists  of  numerous  vertical  and  oblique  fibres  attached  by  one  extremity  to  the 
groove  between  the  articulating  facets  on  the  under  surface  of  the  astragalus ;  by 
the  other  to  a  corresponding  depression  on  the  upper  surface  of  the  os  calcis.  It 
is  very  thick  and  strong,  being  at  least  an  inch  in  breadth  from  side  to  side,  and 
serves  to  unite  the  os  calcis  and  astragalus  solidly  together. 

The  Synovial  Membranes  (Fig.  267)  are  two  in  number :  one  for  the  posterior 
calcaneo-astragaloid  articulation ;  a  second  for  the  anterior  calcaneo-astragaloid 
joint.  The  latter  synovial  membrane  is  continued  forward  between  the  contiguous 
surfaces  of  the  astragalus  and  navicular  bones. 

Actions. — The  movements  permitted  between  the  astragalus  and  os  calcis  are 
limited  to  a  gliding  of  the  one  bone  on  the  other  in  a  direction  from  before  back- 
ward, and  from  side  to  side. 

2.  Articulations  of  the  Os  Calcis  with  the  Cuboid. 
The  ligaments  connecting  the  os  calcis  with  the  cuboid  are  four  in  number : 

Tx       I  f  Superior  Calcaneo-cuboid. 

\  Internal  Calcaneo-cuboid  (Interosseous). 


Plantar. 


f  Long  Calcaneo-cuboid. 
[  Short  Calcaneo-cuboid. 


The  Superior  Oalcaneo-cuboid  Ligament  (Fig.  264)  is  a  thin  and  narrow  fasciculus 
which  passes  between  the  contiguous  surfaces  of  the  os  calcis  and  cuboid  on  the 
dorsal  surface  of  the  joint. 

The  Internal  Calcaneo-cnboid  (Interosseous)  Ligament  (Fig.  264)  is  a  short 
but  thick  and  strong  band  of  fibres  arising  from  the  os  calcis,  in  the  deep  hollow 
which  intervenes  between  it  and  the  astragalus,  and  closely  blended,  at  its  origin, 
with  the  superior  calcaneo-navicular  ligament.  It  is  inserted  into  the  inner  side  of 
the  cuboid  bone.  This  ligament  forms  one  of  the  chief  bonds  of  union  between 
the  first  and  second  rows  of  the  tarsus. 

The  Long  Calcaneo-cuboid  (Long  Plantar)  Ligament  (Fig.  266),  the  more  super- 
ficial of  the  two  plantar  ligaments,  is  the  longest  of  all  the  ligaments  of  the  tarsus : 
it  is  attached  to  the  under  surface  of  the  os  calcis,  from  near  the  tuberosities,  as  far 
forward  as  the  anterior  tubercle ;  its  fibres  pass  forward  to  be  attached  to  the 
ridge  on  the  under  surface  of  the  cuboid  bone,  the  more  superficial  fibres  being 
continued  onward  to  the  bases  of  the  second,  third,  and  fourth  metatarsal  bones. 
This  ligament  crosses  the  groove  on  the  under  surface  of  the  cuboid  bone,  convert- 
ing it  into  a  canal  for  the  passage  of  the  tendon  of  the  Peroneus  longus. 

The  Short  Oalcaneo-cuboid  (Short  Plantar)  Ligament  lies  nearer  to  the  bones 
than  the  preceding,  from  which  it  is  separated  by  a  little  adipose  tissue.  It  is 
exceedingly  broad,  about  an  inch  in  length,  and  extends  from  the  tubercle  and  the 
depression  in  front  of  it,  on  the  fore  part  of  the  under  surface  of  the  os  calcis,  to 
the  inferior  surface  of  the  cuboid  bone  behind  the  peroneal  groove. 
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Synovial  Membrane. — The  synovial  membrane  in  this  joint  is  distinct.  It 
linee  the  inner  surface  of  the  ligaments. 

Actions. — The  movements  permitted  between  the  os  calcis  and  cuboid  are 
limited  to  a  slight  gliding  upon  each  other. 

3.  The  Ligaments  cosnecting  the  Os  Calcis  akd  Navicular. 
Though  these  two  bones  do  not  directly  articulate,  they  are  connected  together 

by  two  ligaments : 

Superior  or  External  Calcaneo-navicular. 
Inferior  or  Internal  Calcaneo-navicular. 

The   Superior  or  External  Oalcaneo-navicular  (Fig.    264)  arises,  as   already 
mentioned,  with  the  internal  calconeo-cuboid  in  the  deep  hollow   between  the 
astragalus  and  os  calcis ;  it  paaaes  forward  from  the  inner  side  of  the  anterior  ex- 
tremity of  the  03  calcis  to  the  outer  side  of  the  navicular  bone.     These  two  liga- 
ments resemble  the  letter  Y,  being  blended  together  behind,  but  separated  in  from. 
The  Inferior  or  Internal  Calcaneo-navicular  (Fig.  266)  is   by  far  the  larger 
and  stronger  of  the  two  ligaments  between 
these  bones ;  it  is  a  broad  and  thick  band  of 
fibres,  which  passes  forward  and  inward  from 
the  anterior  margin  of  the  sustentaculum  tali 
of  the  08  calcis  to  the  under  surface  of  the 
navicular    bone.     This    ligament    not    only 
serves  to  connect  the  os  calcis  and  navicular, 
but  supports  the  head  of  the  astragalus,  form- 
ing part  of  the  articular  cavity  in  which  it  is 
received.     The  v/iper  surface  presents  a  fibro- 
cartilaginous   facet,   lined    bv   the   synovial 
membi-ane   continued  from   the  anterior  cal- 
caneo-astragaloid    articulation,    upon    which 
the  head  of  the  astragalus  rests.     Its  umlir 
aiirfacf  is  in  contact  with  the  tendon  of  the 
Tibialis  posticus  muscle;  '  its  inner  border  is 
blended  with    the  fore   part   of  the  Deltoid 
ligament,  thus  completing  the  socket  for  the 
head  of  the  astragalus. 

Surgical  Anatomy.— The  inferior  calcaneo-nav- 
tculnr  ligament,  by  supporting  the  head  of  the  astrag- 
alus, is  principnlly  conccmed  in  maiiilaining  tht' 
arch  of  the  loot,  and  when  it  >ieldB  the  head  of 
the  astragalus  is  pressed  downward,  inward,  and  for- 
ward by  the  weight  of  llic  body,  and  the  foot  becomes 
flattened,  e.tpanded.  and  lumed  outward,  couBliluiing 
the  disease  known  as  fiat-fr>ot.  This  ligament  con- 
tains a  considerable  amount  of  elastic  fibre,  so  as  lo 
give  claslicity  lo  the  arch  and  spring  to  the  foot: 
hence  it  is  sometimes  called  the  "  spring  "  ligament. 
It  is  supiiortetl,  on  its  under  surface,  by  the  tendon 
of  the  Tihialis  posticus,  which  spreads  out  at  ii> 
insertion  into  anumberof  fasciculi  which  are  attached 
Fio  2M.  -Llgamenis"  of  ihc  plantar  surtoce  lo  most  of  the  tarsal  and  metatarsal  bones :  this  pre- 
of  the  fiioi.  vents  undue  stretehmg  of  the  ligament  and  is  a  pro- 

leclion  against  the  occurrence  of  flat-foot. 

4.  Articulatiox  of  the  Astbaualvs  with  the  Navicular  Bone. 
The  articulation  between  the  astragalus  and  navicular  is  an  arthrodial  joint : 

the  rounded  head  of  the  astragalus  being  received  into  the  concavity  formed  by 
1  Mr.  Ilmicock  describe  an  esimsion  of  llii>  liganifiil  iipward  on  the  inner  aide  of  the  (bol, 

which  coiuiiletes  the  socket  of  the  joinl  iti  that  direcliou  {U\nr.(l,  1866,  vol.  i.  p.  618). 
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the  posterior  surface  of  the  navicular,  the  anterior  articulating  surface  of  the 
calcaneum,  and  the  upper  surface  of  the  inferior  calcaneo-navicular  ligament, 
which  fills  up  the  triangular  interval  between  those  bones.  The  only  ligament  of 
this  joint  is  the  superior  astragalo-navicular.  It  is  a  broad  band,  which  passes 
obliquely  forward  from  the  neck  of  the  astragalus  to  the  superior  surface  of  the 
navicular  bone.  It  is  thin,  and  weak  in  texture,  and  covered  by  the  Extensor  ten- 
dons.    The  inferior  calcaneo-navicular  supplies  the  place  of  an  inferior  ligament. 

The  Synovial  Membrane  which  lines  the  joint  is  continued  forward  from  the 
anterior  calcaneo-astragaloid  articulation. 

Actions. — This  articulation  permits  of  considerable  mobility,  but  its  feebleness 
is  such  as  to  allow  occasionally  of  dislocation  of  the  other  bones  of  the  tarsus 
from  the  astragalus. 

The  transverse  tarsal  or  medio-tarsal  joint  is  formed  by  the  articulation  of  the 
08  calcis  with  the  cuboid,  and  by  the  articulation  of  the  astragalus  with  the  nav- 
icular. The  movement  which  takes  place  in  this  joint  is  more  extensive  than  that 
in  the  other  tarsal  joints,  and  consists  of  a  sort  of  rotation  by  means  of  which  the 
sole  of  the  foot  may  be  slightly  flexed  and  extended  or  carried  inward  and  outward. 

5.  The  Articulation  of  the  Navicular  with  the  Cuneiform  Bones. 
The  navicular  is  connected  to  the  three  cuneiform  bones  by 

Dorsal  and  Plantar  ligaments. 

The  Dorsal  Ligaments  are  small,  longitudinal  bands  of  fibrous  tissue  arranged 
as  three  bundles,  one  to  each  of  the  cuneiform  bones.  That  bundle  of  fibres 
which  connects  the  navicular  with  the  internal  cuneiform  is  continued  round  the 
inner  side  of  the  articulation  to  be  continuous  with  the  plantar  ligament  which 
connects  these  two  bones. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 
They  are  strengthened  by  processes  given  off  from  the  tendon  of  the  Tibialis  posticus. 

Actions. — The  movements  permitted  between  the  navicular  and  cuneiform 
bones  are  limited  to  a  slight  gliding  upon  each  other. 

The  Synovial  Membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane. 

6.  The  Articulation  of  the  Navicular   with  the  Cuboid. 
The  navicular  bone  is  connected  with  the  cuboid  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligament  consists  of  a  band  of  fibrous  tissue  which  passes  obliquely 
forward  and  outward  from  the  navicular  to  the  cuboid  bone. 

The  Plantar  Ligament  consists  of  a  band  of  fibrous  tissue  which  passes  nearly 
transversely  between  these  two  bones. 

The  Interosseous  Ligament  consists  of  strong  transverse  fibres  which*  pass 
between  the  rough  non-articular  portions  of  the  lateral  surfaces  of  these  two 
bones. 

Actions. — The  movements  permitted  between  the  navicular  and  cuboid  bones 
are  limited  to  a  slight  gliding  upon  each  other. 

The  Synovial  Membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane. 

7.  The  Articulation  of  the  Cuneiform  Bones  with  each  other. 
These  bones  are  connected  together  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligaments  consist  of  two  bands  of  fibrous  tissue  which  pass  trans- 
versely, one  connecting  the  internal  with  the  middle  cuneiform,  and  the  other 
connecting  the  middle  with  the  external  cuneiform. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 

25 
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They  are  strengthened  by  the  processes  given  off  from  the  tendon  of  the  Tibialis 
posticus. 

The  Interosseous  Ligaments  consist  of  strong  transverse  fibres  which  pass 
between  the  rough  non-articular  portions  of  the  lateral  surfaces  of  the  adjacent 
cuneiform  bones. 

The  Synovial  Membrane  of  these  joints  is  part  of  the  great  tarsal  synovial 
membrane. 

Actions. — The  movements  permitted  between  the  cuneiform  bones  are  limited 
to  a  slight  gliding  upon  each  other. 

8.  The  Akticulation  of  the  External  Cuneiform  Boxe  with  the  Cuboid. 

These  bones  are  connected  together  by 

Dorsal,  Plantar,  and  Interosseous  ligaments. 

The  Dorsal  Ligament  consists  of  a  band  of  fibrous  tissue  which  passes  trans- 
versely between  these  two  b(mes. 

The  Plantar  Ligament  has  a  similar  arrangement.  It  is  strengthened  by  a 
process  given  off  from  the   tendon  of  the   Tibialis  posticus. 

The  Interosseous  Ligament  consists  of  strong  transverse  fibres  which  pass 
between  the  rough  non-articular  portions  of  the  lateral  surfaces  of  the  adjacent 
sides  of  these  two  bones. 

The  Synovial  Membrane  of  this  joint  is  part  of  the  great  tarsal  synovial 
membrane. 

Actions. — The  movements  permitted  between  the  external  cuneiform  and  cuboid 
are  limited  to  a  slight  gliding  upon  each  other. 

Nerve-supply. — All  the  joints  of  the  tarsus  are  supplied  by  the  anterior  tibial 
nerve. 

Surgical  Anatomy. — In  spite  of  the  great  strength  of  the  ligaments  which  connect  the 
tarsal  bones  together,  dislocation  at  some  of  the  tarsal  joints  does  occasionally  occur ;  though,  on 
account  of  the  spongy  character  of  the  bones,  they  are  more  frequently  broken  than  dislocated, 
as  the  result  of  violence.  When  dislocation  does  occur,  it  is  most  commonly  in  connection  with 
the  astragalus ;  for  not  only  may  this  bone  be  dislocated  from  the  tibia  and  fibula  at  the  ankle- 
joint,  but  the  other  bones  may  be  dislocated  from  it,  the  trochlear  surface  of  the  bone  remaining 
in  xitn  \ii  the  tibio-fibular  mortise.  This  constitutes  what  is  known  as  the  subastragaloia 
dislocation.  Or,  again,  the  astragalus  may  be  dislocated  from  all  its  connections — from  the 
tibia  and  fibula  above,  the  os  calcis  below,  and  the  navicular  in  front — and  may  even  undergo  a 
rotation,  either  on  a  vertical  or  horizontal  axis.  In  the  former  case  the  long  axis  of  the  Bone 
becoming  directed  across  the  joint,  so  that  the  head  faces  the  articular  surface  on  one  or 
other  malleolus ;  or,  in  the  latter,  the  lateral  surfaces  becoming  directed  upward  and  down- 
ward, so' that  the  trochlear  surface  faces  to  one  or  the  other  side.  Finallv,  dislocation  may 
occur  at  the  medio-tarsal  joint,  the  anterior  tarsal  bones  being  luxated  from  the  astragalus  and 
calcaneum.  The  other  tarsal  bones  are  also,  occasionally,  though  rarely,  dislocated  from  their 
connections. 

VI.  Tarso-metatarsal  ArticiQations. 

These  are  arthrodial  joints.  The  bones  entering  into  their  fonnation  are  four 
tarsal  bones — viz.  the  internal,  middle,  and  external  cuneiform  and  the  cuboid — 
which  articulate  with  the  metatarsal  bones  of  the  five  toes.  The  metatarsal  bone 
of  the  great  toe  articulates  with  the  internal  cuneiform ;  that  of  the  second  is 
deeply  wedged  in  between  the  internal  and  external  cuneiform,  resting  against  the 
middle  cuneiform,  and  being  the  most  strongly  articulated  of  all  the  metatarsal 
bones ;  the  third  metatarsal  articulates  with  the  extremitv  of  the  external  cunei- 
form ;  the  fourth  with  the  cuboid  and  external  cuneiform ;  and  the  fifth,  with  the 
cuboid.  The  articular  surfaces  are  covered  with  cartilage,  lined  by  synovial 
membrane,  and  connected  together  by  the  following  ligaments: 

Dorsal.  Plantar.  Interosseous. 

The  Dorsal  Ligaments  consist  of  strong,  flat,  fibrous  bands,  which  connect  the 
tarsal  with  the  metatarsal  bones.  The  first  metatarsal  is  connected  to  the  internal 
cuneiform  by  a  single  broad,   thin,   fibrous  band;  the  second  has  three  dorsal 
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ligaments,  one  from  each  cuneiform  bone ;  the  third  has  one  from  the  external 
cuneiform ;  the  fourth  has  two,  one  from  the  external  cuneiform  and  one  from  the 
cuboid ;  and  the  fifth,  one  from  the  cuboid. 

The  Plantar  Ligaments  consist  of  longitudinal  and  oblique  fibrous  bands 
connecting  the  tarsal  and  metatarsal  bones,  but  disposed  with  less  regularity 
than  on  the  dorsal  surface.  Those  for  the  first  and  second  metatarsal  are  the  most 
stnmgly  marked ;  the  second  and  third  metatarsal  receive  strong  fibrous  bands 
which  pass  obliquely  across  from  the  internal  cuneiform ;  the  plantar  ligaments 
of  the  fourth  and  fifth  metatarsal  consist  of  a  few  scanty  fibres  derived  from  the 
cuboid. 

The  Interosseous  Ligaments  are  three  in  number — internal,  middle,  and  external. 
The  internal  one  passes  from  the  outer  extremity  of  the  internal  cuneiform  to  the 
adjacent  angle  of  the  second  metatarsal.  The  middle  one,  less  strong  than  the 
preceding,  connects  the  external  cuneiform  with  the  adjacent  angle  of  the  second 
metatarsal.  The  external  interosseous  ligament  connects  the  outer  angle  of  the 
external  cuneifonn  with  the  adjacent  side  of  the  third  metatarsal. 

The  SynoTial  Membrane  between  the  internal  cuneiform  bone  and  the  first 
metatarsal  bone  is  a  distinct  sac.  The  synovial  membrane  between  the  middle  and 
external  cuneifonn  behind,  and  the  second  and  third  metatarsal  bones  in  front,  is 
part  of  the  great  tarsal  synovial  membrane.  Two  prolongations  are  sent  forward 
from  it — one  between  the  adjacent  sides  of  the  second  and  third  metatarsal  bones, 
and  one  between  the  third  and  fourth  metatarsal  bones.  The  synovial  membrane 
between  the  cuboid  and  the  fourth  and  fifth  metatarsal  bones  is  a  distinct  sac. 
From  it  a  prolongation  is  sent  forward  between  the  fourth  and  fifth  metatarsal 
bones. 

Actions. — The  movements  permitted  between  the  tarsal  and  metatarsal  bones 
are  limited  to  a  slight  gliding  upon  each  other. 

Articulations  of  the  Metatarsal  Bones  with  each  other. 

The  base  of  the  first  metatarsal  bone  is  not  connected  with  the  second  meta- 
tarsal bone  by  any  ligaments ;  in  this  respect  it  resembles  the  thumb. 

The  bases  of  the  four  outer  metatarsal  bones  are  connected  together  by  dorsal, 
plantar,  and  interosseous  ligaments. 

The  Dorsal  Ligaments  consist  of  bands  of  fibrous  tissue  which  pass  transversely 
between  the  adjacent  metatarsal  bones. 

The  Plantar  Ligaments  have  a  similar  arrangement  to  those  on  the  dorsum. 

The  Literosseous  Ligaments  consist  of  strong  transverse  fibres  which  pass  between 
the  rough  non-articular  portions  of  the  lateral  surfaces. 

The  Sjmovial  Membrane  between  the  second  and  third  and  the  third  and  fourth 
metatarsal  bones  is  part  of  the  great  tarsal  synovial  membrane. 

The  synovial  membrane  between  the  fourth  and  fifth  metatarsal  bones  is  a 
prolongation  of  the  synovial  membrane  of  the  cubo-metatarsal  joint. 

Actions. — The  movement  pennitted  in  the  tarsal  ends  of  the  metatarsal  bones 
is  limited  to  a  slight  gliding  of  the  articular  surfaces  upon  one  another. 

The  Synovial  Membranes  in  the  Tarsal  and  Metatarsal  Joints. 

The  SynoTial  Membranes  (Fig.  267)  found  in  the  articulations  of  the  tarsus 
and  metatarsus  are  six  in  number:  one  for  the  posterior  calcaneo-astragaloid 
articulation ;  a  second  for  the  anterior  calcaneo-astragaloid  and  astragalo-navicular 
articulations ;  a  third  for  the  calcaneo-cuboid  articulation  ;  and  a  fourth  for  the 
articulations  of  the  navicular  with  the  three  cuneiform,  the  three  cuneiform  with 
each  other,  the  external  cuneiform  with  the  cuboid,  and  the  middle  and  external 
cuneiform  with  the  bases  of  the  second  and  third  metatarsal  bones,  and  the  lateral 
surfaces  of  the  second,  third,  and  fourth  metatarsal  bones  with  each  other  ;  a  fifth 
for  the  internal  cuneiform  with  the  metatarsal  bone  of  the  great  toe ;  and  a  sixth 
for  the  articulation  of  the  cuboid  with  the  fourth  and  fifth  metatarsal  bones.     A 
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small  synovial  membrane  is  sometimes  found  between  the  contiguous  surfaces  of  the 
navicular  and  cuboid  bones. 

Herre-supply, — The  nerves  supplying  the  tarso-metatarsal  Joints  are  derived 
from  the  anterior  tibial. 

The  digital  extremities  of  all  the  metatarsal  bones  are  connected  together  by 
the   transverse  metatarsal  ligament. 

The  Transverse  HetatarMl  Ligament  is  a  narrow  fibrous  band  which  passes 
transversely  across  the  anterior  extremities  of  all  the  metatarsal  bones,  couoecting 


Fia.  ^67.— Oblique  lectloa  of  (be  articulatiooB  of  the  Unui  and  metalaraus,    Shawlng  tbe  all  synovial 


them  together.  It  is  blended  anteriorly  with  the  plantar  (glenoid)  ligament  of 
the  metatarso-phalangeal  articulations.  To  its  posterior  border  is  connected  the 
fascia  covering  the  Interossei  muscles.  Its  superficial  surface  is  concave  where 
the  Flexor  tendons  pass  over  it.  Beneath  it  the  tendons  of  the  Interossei  muscles 
pass  to  their  insertion.  It  differs  from  the  transverse  metacarpal  ligament  in  that 
it  connects  tbe  metatarsal  bone  of  the  great  toe  with  the  rest  of  the  metatarsal 

bones.  

vn.  Metatarso-phalangeal  Articulatioiis. 

The  metatarso-phalangeal  articulations  are  of  the  condyloid  kind,  formed  by  the 
reception  of  the  rounded  head  of  the  metatarsal  bone  into  a  superficial  cavity  in  tbe 
extremity  of  the  first  phalanx. 

The  ligaments  are — 

Plantar.  Two  Lateral. 

The  Plantar  Llgunents  (Glenoid  ligaments  of  Cruveilhier)  are  thick,  dense, 
fibrous  structures.  Each  is  placed  on  the  plantar  surface  of  the  joint  in  the 
interval  between  the  lateral  ligaments,  to  which  they  are  connected;  thev  are 
loosely  united  to  the  metatarsal  bone,  but  very  firmly  to  the  base  of  the  first 
phalanges.  Their  plantar  surface  is  intimately  blended  with  the  transverse  meta- 
tarsal ligament,  and  presents  a  groove  for  the  passage  of  the  Flexor  tendons,  the 
sheath  surrounding  which  is  connected  to  each  side  of  the  groove.  By  their  deep 
surface  thev  form  part  of  the  articular  surface  for  the  head  of  the  metatarsal  b'ine. 
and  are  lined  by  a  synovial  membrane. 

The  Lateral  Ligaments  are  strong,  rounded  cords,  placed  one  on  each  side  of  the 
joint,  each  being  attached,  by  one  extremity,  to  the  posterior  tubercle  on  the  side  of 
the  head  of  the  metatarsal  hone  ;  and,  by  the  other,  to  the  contiguous  extremity  of 
the  phalanx. 

The  Posterior  Ligament  is  supplied  by  the  extensor  tendon  placed  over  the  back 
of  the  joint. 

Actions. — The  movements  permitted  in  the  metatarso-phalangeal  articulations 
are  flexion,  extension,  abduction,  and  adduction. 
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Vm.  Artictilations  of  the  Phalanges. 

The  articulations  of  the  phalanges  are  ginglymus  joints. 
The  ligaments  are — 

Plantar.  Two  Lateral. 

The  arrangement  of  these  ligaments  is  similar  to  those  in  the  metatarso- 
phalangeal articulations ;  the  extensor  tendon  supplies  the  place  of  a  posterior 
ligament. 

Actions. — The  only  movements  permitted  in  the  phalangeal  joints  are  flexion 
and  extension ;  these  movements  are  more  extensive  between  the  first  and  second 
phalanges  than  between  the  second  and  third.  The  movement  of  flexion  is  very 
considerable,  but  extension  is  limited  by  the  anterior  and  lateral  ligaments. 

Snz£eu^  Form. — ^The  principal  joints  which  it  is  necessary  to  distinguish,  with  regard  to  the 
surgery  of  the  foot,  are  the  medio-tarsal  and  the  tarso-metatarsal  joints.  The  joint  between  the 
astrasralus  and  the  navicular  is  best  found  by  means  of  the  tubercle  of  the  navicular  bone,  for 
the  line  of  the  joint  is  immediately  behind  this  process.  If  the  foot  is  grasped  and  forcibly 
extended,  a  rounded  prominence,  the  head  of  the  astragalus,  will  appear  on  tne  inner  side  of 
the  dorsum  in  front  of  the  ankle-joint,  and  if  a  knife  is  carried  downward,  just  in  front  of  this 
prominence  and  behind  the  line  of  the  navicular  tubercle,  it  will  enter  the  astragalo-navicular 
joint  The  calcaneo-cuboid  joint  is  situated  midway  between  the  external  malleolus  and  the 
prominent  end  of  the  fiflh  metatarsal  bone.  The  plane  of  the  joint  is  in  the  same  line  as  that 
of  the  astragalo-navicular.  The  position  of  the  joint  between  the  fifth  metatarsal  bone  and  the 
caboid  is  easily  found  by  the  projection  of  the  fifth  metatarsal  bone,  which  is  the  guide  to  it. 
The  direction  of  the  line  of  tne  joint  is  very  oblique,  so  that,  if  continued  onward,  it  would 
pass  through  the  head  of  the  first  metatarsal  bone.  The  joint  between  the  fourth  metatarsal 
Done  and  the  cuboid  and  external  cuneiform  is  the  direct  continuation  inward  of  the  previous 
joint,  but  its  plane  is  less  oblique  ;  it  would  be  represented  by  a  line  drawn  from  the  outer  side 
of  the  articulation  to  the  midale  of  the  first  metatarsal  bone.  The  plane  of  the  joint  between 
the  third  metatarsal  bone  and  the  external  cuneiform  is  almost  transverse.  It  would  be  repre- 
sented by  a  line  drawn  from  the  outer  side  of  the  joint  to  the  base  of  the  first  metatarsal  bone. 
The  tarso-metatarsal  articulation  of  the  great  toe  corresponds  to  a  groove  which  can  be  felt  by 
making  firm  pressure  on  the  inner  side  of  the  foot  one  inch  in  front  of  the  tubercle  on  the 
Daricokr  bone ;  and  the  joint  between  the  second  metatarsal  bone  and  the  middle  cuneiform  is 
to  be  found  on  the  dorsum  of  the  foot,  half  an  inch  behind  the  level  of  the  tarso-metatarsal 
joint  of  the  great  toe.  The  line  of  the  joints  between  the  metatarsal  bones  and  the  first 
phalanges  is  about  an  inch  behind  the  weos  of  the  corresponding  toes. 
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THE  Muscles  are  connected  with  the  bones,  cartilages,  ligaments,  and  skin, 
either  directly  or  through  the  intervention  of  fibrous  structures  called  tendons 
or  aponeuroses.  Where  a  muscle  is  attached  to  bone  or  cartilage,  the  fibres  ter- 
minate in  blunt  extremities  upon  the  periosteum  or  perichondrium,  and  do  not 
come  into  direct  relation  with  the  osseous  or  cartilaginous  tissue.  Where  muscles 
are  connected  with  the  skin,  they  either  lie  as  a  flattened  layer  beneath  it,  or  are 
connected  with  its  areolar  tissue  by  larger  or  smaller  bundles  of  fibres,  as  in  the 
muscles  of  the  face. 

The  muscles  vary  extremely  in  their  form.  In  the  limbs,  they  are  of  consid- 
erable length,  especially  the  more  superficial  ones,  the  deep  ones  being  generally 
broad  ;  they  surround  the  bones  and  form  an  important  protection  to  the  various 
joints.  In  the  trunk  they  are  broad,  flattened,  and  expanded,  forming  the  parietes 
of  the. cavities  which  they  enclose;  hence  the  reason  of  the  terms,  long^  broad ^ 
shorty  etc.,  used  in  the  description  of  a  muscle. 

There  is  a  considerable  variation-  in  the  arrangement  of  the  fibres  of  certain 
muscles  with  reference  to  the  tendons  to  which  thev  are  attached.  In  some,  the 
fibres  are  parallel  and  run  directly  from  their  origin  to  their  insertion ;  these  are 
quadrilateral  muscles,  such  as  the  Thyro-hyoid.  A  modification  of  these  is  found 
in  the  fusiform  muscles,  in  which  the  fibres  are  not  ([uite  parallel,  but  slightly 
curved,  so  that  the  muscle  tapers  at  each  end ;  in  their  action,  however,  they 
resemble  the  quadrilateral  muscles.  Secondly,  in  other  muscles  the  fibres  are 
convergent ;  arising  by  a  broad  origin,  they  converge  to  a  narrow  or  pointed 
insertion.  This  arrangement  of  fibres  is  found  in  the  triangular  muscles — e.  </.  the 
Temporal.  In  some  muscles,  which  otherwise  would  belong  to  the  quadrilateral 
or  triangular  type,  the  origin  and  insertion  are  not  in  the  same  plane,  but  the  plane 
of  the  line  of  origin  intersects  that  of  their  insertion  ;  such  is  the  case  in  the 
Pectineus  muscle.  Thirdly,  in  some  muscles  the  fibres  are  oblique  and  converge, 
like  the  plumes  of  a  pen,  to  one  side  of  a  tendon,  which  runs  the  entire  length  of 
the  muscle.  Such  a  muscle  is  rhomboidal  or  penniform,  as  the  Peronei.  A 
modification  of  these  rhomboidal  muscles  is  found  in  those  cases  where  oblique  fibres 
converge  to  both  sides  of  a  central  tendon  which  runs  down  the  middle  of  the 
muscle ;  these  are  called  bipenniform,  and  an  example  is  afforded  in  the  Rectus 
femoris.  Finally,  we  have  muscles  in  which  the  fibres  are  arranged  in  curved 
bundles  in  one  or  more  planes,  as  in  the  Sphincter  muscles.  The  arrangement  of 
the  muscular  fibres  is  of  considerable  importance  in  respect  to  their  relative 
strength  and  range  of  movement.  Those  muscles  where  the  fibres  are  long  and 
few  in  number  have  great  range,  but  diminished  strength ;  where,  on  the  other 
hand,  the  fibres  are  short  and  more  numerous,  there  is  great  power,  but  lessened 
range. 

Muscles  differ  much  in  size :  the  Gastrocnemius  forms  the  chief  bulk  of  the 
back  of  the  leg,  and  the  fibres  of  the  Sartorius  are  nearly  two  feet  in  length,  whilst 

*  The  Muscles  and  Fasciae  are  described  conjointly,  in  order  that  the  student  may  consider  the 
arrangement  of  the  latter  in  his  dissection  of  the  former.  It  is  rare  for  the  student  of  anatomy  in  this 
country  to  have  the  opportunity  of  dissecting  the  fiLsoiw  separately;  and  it  is  for  this  reason,  as  well 
as  from  the  close  connection  that  exists  between  the  muscles  and  their  investing  sheaths,  that  they  are 
considered  together.  Some  general  observations  are  first  made  on  the  anatomy  of  the  muscles'  and 
fasciie,  the  special  description  being  given  in  connection  with  the  different  regions. 
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the  Stapedius,  a  small  muscle  of  the  internal  ear,  weighs  about  a  grain,  and  its 
fibres  are  not  more  than  two  lines  in  length. 

The  names  applied  to  the  various  muscles  have  been  derived — 1,  from  their 
situation,  as  the  Tibialis,  Radialis,  Ulnaris,  Peroneus ;  2,  from  their  direction,  as 
the  Rectus  abdominis,  Obliqui  capitis,  Transversalis ;  3,  from  their  uses,  as  Flexors, 
Extensors,  Abductors,  etc. ;  4,  from  their  shape,  as  the  Deltoid,  Trapezius,  Rhom- 
boideus ;  5,  from  the  number  of  their  divisions,  as  the  Biceps,  the  Triceps ;  6, 
from  their  points  of  attachment,  as  the  Sterno-cleido-mastoid,  Sterno-hyoid, 
Sterno-thyroid. 

In  the  description  of  a  muscle  the  term  origin  is  meant  to  imply  its  more  fixed 
or  central  attachment,  and  the  term  insertion^  the  movable  point  to  which  the 
force  of  the  muscle  is  directed ;  but  the  origin  is  absolutely  fixed  in  only  a  very 
small  number  of  muscles,  such  as  those  of  the  face,  which  are  attached  by  one 
extremity  to  the  bone  and  by  the  other  to  the  movable  integument;  in  the  greater 
number  the  muscle  can  be  made  to  act  from  either  extl-emity. 

In  the  dissection  of  the  muscles  the  student  should  pay  especial  attention  to 
the  exact  origin^  insertion^  and  actions  of  each,  and  its  more  important  relatioyis 
with  surrounding  parts.  An  accurate  knowledge  of  the  points  of  attachment  of 
the  muscles  is  of  great  importance  in  the  determination  of  their  action.  By  a 
knowledge  of  the  action  of  the  muscles  the  surgeon  is  able  to  explain  the  causes 
of  displacement  in  various  forms  of  fracture  and  the  causes  which  produce 
distortion  in  various  deformities,  and,  consequently,  to  adopt  appropriate  treat- 
ment in  each  case.  The  relations,  also,  of  some  of  the  muscles,  especially  those  in 
immediate  apposition  with  the  larger  blood-vessels,  and  the  surface-markings  they 
produce,  should  be  especially  remembered,  as  they  form  useful  guides  in  the 
application  of  a  ligature  to  those  vessels. 

Tendons  ate  white,  glistening,  fibrous  cords,  varying  in  length  and  thickness, 
sometimes  round,  sometimes  flattened,  of  considerable  strength,  and  devoid  of 
elasticity.  They  consist  almost  entirely  of  white  fibrous  tissue,  the  fibrils  of 
which  have  an  undulating  course  parallel  with  each  other  and  are  firmly  united 
together.  They  are  very  sparingly  supplied  with  blood-vessels,  the  smaller 
tendons  presenting  in  their  interior  not  a  trace  of  them.  Nerves  also  are  not 
present  in  the  smaller  tendons,  but  the  larger  ones,  as  the  tendo  Achillis,  receive 
nerves  which  accompany  the  nutrient  vessels.  The  tendons  consist  principally  of 
a  substance  which  yields  gelatin. 

Aponeuroses  are  flattened  or  ribbon-shaped  tendons,  of  a  pearly-white  color, 
iridescent,  glistening,  and  similar  in  structure  to  the  tendons.  They  are  destitute 
of  nerves,  and  the  thicker  ones  only  sparingly  supplied  with  blood-vessels. 

The  tendons  and  aponeuroses  are  connected,  on  the  one  hand,  with  the  muscles, 
and,  on  the  other  hand,  with  the  movable  structures,  as  the  bones,  cartilages, 
ligaments,  fibrous  membranes  (for  instance,  the  sclerotic),  and  the  synovial  mem- 
branes (subcrureus).  Where  the  muscular  fibres  are  in  a  direct  line  with  those 
of  the  tendon  or  aponeurosis,  the  two  are  directly  continuous,  the  muscular  fibre 
being  distinguishable  from  that  of  the  tendon  only  by  its  striation.  But  where 
the  muscular  fibre  joins  the  tendon  or  aponeurosis  at  an  oblique  angle  the  former 
terminates,  according  to  KoUiker,  in  rounded  extremities,  which  are  received 
into  corresponding  depressions  on  the  surface  of  the  latter,  the  connective  tissue 
between  the  fibres  being  continuous  with  that  of  the  tendon.  The  latter  mode 
of  attachment  occurs  in  all  the  penniform  and  bipenniform  muscles,  and  in 
those  muscles  the  tendons  of  which  commence  in  a  membranous  form,  as  the 
Gastrocnemius  and  Soleus. 

The  fasciiB  {fascia^  a  bandage)  are  fibro-areolar  or  aponeurotic  lamime  of 
variable  thickness  and  strength,  found  in  all  regions  of  the  body,  investing  the 
softer  and  more  delicate  organs.  The  fasciae  have  been  subdivided,  from  the 
situation  in  which  they  are  found,  into  two  groups,  superficial  and  deep. 

The  super ficial  fascia  is  found  immediately  beneath  the  integument  over  almost 
the  entire  surface  of  the  body.     It  connects  the  skin  with  the  deep  or  aponeurotic 


392  THE  MUSCLES  AND   FASCIAE. 

fascia,  and  consists  of  fibro-areolar  tissue,  containing  in  its  meshes  pellicles  of  fat 
in  varying  quantity.  In  the  eyelids  and  scrotum,  where  adipose  tissue  is  rarely 
deposited,  this  tissue  is  very  liable  to  serous  infiltration.  The  superficial  fascia 
varies  in  thickness  in  different  parts  of  the  body :  in  the  groin  it  is  so  thick  as  to 
be  capable  of  being  subdivided  in  several  laminae,  but  in  the  palm  of  the  hand  it 
is  of  extreme  thinness  and  intimately  adherent  to  the  integument.  The  superficial 
fascia  is  capable  of  separation  into  two  or  more  layers,  between  which  are  found  the 
superficial  vessels  and  nerves,  as  the  superficial  epigastric  vessels  in  the  abdominal 
region,  the  radial  and  ulnar  veins  in  the  forearm,  the  saphenous  veins  in  the  leg 
and  thigh,  and  the  superficial  lymphatic  glands ;  certain  cutaneous  muscles  also  are 
situated  in  the  superficial  fascia,  as  the  Platysma  myoides  in  the  neck,  and  the 
Orbicularis  palpebrarum  around  the  eyelids.  This  fascia  is  most  distinct  at  the 
lower  part  of  the  abdomen,  the  scrotum,  perinseum,  and  extremities ;  is  very  thin 
in  those  regions  where  muscular  fibres  are  inserted  into  the  integument,  as  on  the 
side  of  the  neck,  the  face,  and  around  the  margin  of  the  anus.  It  is  very  dense 
in  the  scalp,  in  the  palms  of  the  hands,  and  soles  of  the  feet,  forming  a  fibro-fatty 
layer  which  binds  the  integument  firmly  to  the  subjacent  structure. 

The  superficial  fascia  connects  the  skin  to  the  subjacent  parts,  facilitates  the 
movement  of  the  skin,  serves  as  a  soft  nidus  for  the  passage  of  vessels  and  nerves 
to  the  integument,  and  retains  the  warmth  of  the  body,  since  the  fat  contained  in 
its  areolae  is  a  bad  conductor  of  caloric. 

The  deep  fascia  is  a  dense,  inelastic,  unyielding  fibrous  membrane,  forming 
sheaths  for  the  muscles  and  affording  them  broad  surfaces  for  attachment.  It 
consists  of  shining  tendinous  fibres,  placed  parallel  with  one  another,  and  connected 
together  by  other  fibres  disposed  in  a  rectilinear  manner.  It  is  usually  exposed  on 
the  removal  of  the  superficial  fascia,  forming  a  strong  investment,  which  not  only 
binds  down  collectively  the  muscles  in  each  region,  but  gives  a  separate  sheath  to 
each,  as  well  as  to  the  vessels  and  nerves.  The  fascije  are  thick  in  unprotected 
situations,  as  on  the  outer  side  of  a  limb,  and  thinner  on  the  inner  side.  The  deep 
fascia?  assist  the  muscles  in  tlieir  action  by  the  degree  of  tension  and  pressure  they 
make  upon  their  surface ;  and  in  certain  situations  this  is  increased  and  regulated 
by  muscular  action ;  as,  for  instance,  by  the  Tensor  vaginae  femoris  and  Gluteus 
maximus  in  the  thigh,  by  the  Biceps  in  the  upper  and  lower  extremities,  and 
Pahnaris  longus  in  the  hand.  In  the  limbs  the  fasciae  not  only  invest  the  entire 
limb,  but  give  off  septa  which  separate  the  various  muscles,  and  are  attached 
beneath  to  the  j)eriosteum :  these  prolongations  of  fasciae  are  usually  spoken  of  as 
intermuscular  septa. 

The  Muscles  and  Fasciae  may  be  arranged,  according  to  the  general  division 
of  the  body,  into  those  of  the  cranium,  face,  and  neck  ;  those  of  the  trunk ;  those  of 
the  upper  extremity;  and  those  of  the  lower  extremity. 

MUSCLES  AND  FASOIiE  OF  THE  CRANIUM  AND  FACE. 

Tlie  muscles  of  the  Cranium  and  Face  consist  of  ten  groups,  arranged  according 
to  the  region  in  which  they  are  situated : 

1.  Cranial  Region.  6.  Su})erior  Maxillary  Region. 

2.  Auricular  Region.  7.  Inferior  Maxillary  Region. 

3.  Palpebral  Region.  8.  Intermaxillary  Region. 

4.  Orbital  Region.  9.  Temporo-maxillary  Region. 

5.  Nasal  Region.  10.  Pterygo-maxillary  Region. 

The  muscles  contained  in  each  of  these  groups  are  the  following : 

1.   Cranial  Befjion.  2.  Auricular  Region, 

Occipito-frontalis.  Attollens  aurem. 

Attrahens  aurem. 
Retrahens  aurem. 


CRANIAL   REGION. 


393 


3.  Palpebral  Region, 

Orbicularis  palpebrarum. 
Corrugator  supercilii. 
Tensor  tarsi. 

4.  Orbital  Region. 

Levator  palpebral. 
Rectus  superior. 
Rectus  inferior. 
Rectus  internus. 
Rectus  externus. 
Obliquus  superior. 
Obliquus  inferior. 

5.  Nasal  Region, 

Pyramidalis  nasi. 

Levator  labii  superioris  al»que  nasi. 

Dilatator  naris  posterior. 

Dilatator  naris  anterior. 

Compressor  nasi. 

Compressor  narium  minor. 

Depressor  alae  nasi. 


6.  Superior  Maxillary  Region. 

Levator  labii  superioris. 
Levator  ansuli  oris. 
Zygomaticns  major. 
Zygomaticus  minor. 

7.  Inferior  Maxillary  Region. 

Levator  labii  inferioris. 
Depressor  labii  inferioris. 
Depressor  anguli  oris. 

8.  Intermaxillary  Region. 

Buccinator. 
Risorius. 
Orbicularis  oris. 

9.  Temporo-maxillary  Region. 

Masse  ter. 
Temporal. 

10.  Pterygo-maxillary  Region. 

Pterygoideus  externus. 
Pterygoideus  internus. 


1.  Oranial  Region— Occipito-firontalis. 

Diflsection  (Fig.  268).— The  head  being  shaved,  and  a  block  placed  beneath  the  back  of 
the  neck,  make  a  vertical  incision  throu^  the  skin  from  before  backward,  commencing 
at  the  root  of  the  nose  in  front,  and  terminating  behind  at  the  occipital  protuberance ;  make 


1.  Dissection  of  scalp. 


g,  S,  of  auricular  region. 


4,  6,  6,  of  face. 


7,  Sf  of  neck. 


FiQ.  268.>-Di8sectlon  of  the  head,  face,  and  neck. 


a  second  incision  in  a  horizontal  direction  along  the  forehead  and  round  the  side  of  the 
head,  from  the  anterior  to  the  posterior  extremity  of  the  preceding.  Raise  the  skin  in  front, 
ftom  the  subjacent  muscle,  from  below  upward ;  this  must  be  done  with  extreme  care, 
removing  the  integument  from  the  outer  surface  of  the  vessels  and  the  nerves  which  lie 
between  the  two. 

The  Skin  of  the  Scalp. — This  is  thicker  than  in  any  other  part  of  the  body.    It 
18  intimately  adherent  to  the  superficial  fascia.     The  hair-follicles  are  very  closely 
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set  together,  &nd  extend  throughout  the  whole  thickness  of  the  skin.     It  also  con- 
tains a  Dumber  of  sebaceous  glands. 

The  snpeiflcial  fascia  in  the  cranial  region  is  a  firm,  dense,  fibro-fatty  laver, 
intimately  adherent  to  the  iategument,  and  to  the  Occipito-fron talis  and  lis  tendi- 


F:o.  26D.— MiiBclee  of  the  heBd,  Taix,  and  neok. 


nous  aponeurosis;  it  is  continuous,  behind,  with  the  superficial  fascia  at  the  back 
part  of  the  ni>ck  ;  and,  laterally,  is  continued  over  the  temporal  fascia.  It  cim- 
tains  between  its  layers  the  superficial  vessels  and  nerves  and  much  granular  fat. 
The  Occipito-frootnlis  (Fig.  2(i9)  is  a  broad  musculo-fibrous  layer,  which  covei-s 
the  whole  of  one  side  of  the  vertex  of  the  Hkull.  from  the  occiput  to  the  eyebrow. 
It  consists  of  two  muscular  slips,  separated  by  an  intervening  tendinous  aponeurosis. 
The  occipital  portion,  thin,  quadrilateral  in  form,  and  about  an  inch  and  a  half  in 
length,  arises  from  the  outer  two-thirds  of  the  superior  curved  line  of  the  occipital 
bone,  and  from  the  mastoid  portion  of  the  temporal.  Its  fibres  of  origin  are 
tendinous,  but  they  soon  become  muscular,  and  ascend  in  a  parallel  direction  to 
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terminate  in  a  tendinous  aponeurosis.  The/rowto?  portion  is  thin,  of  a  quadri- 
lateral form,  and  intimately  adherent  to  the  superficial  fascia.  It  is  broader,  its 
fibres  are  longer,  and  their  structure  paler  than  the  occipital  portion.  Its  internal 
fibres  are  continuous  with  those  of  the  Pyramidalis  nasi.  Its  middle  fibres  become 
blended  with  the  Cornigator  supercilii  and  Orbicularis  palpebrarum ;  and  the 
outer  fibres  are  also  blended  with  the  latter  muscle  over  the  external  angular  pro- 
cess. According  to  Theile,  the  innermost  fibres  are  attached  to  the  nasal  bones, 
the  outer  to  the  external  angular  process  of  the  frontal  bone.  From  these 
attachments  the  fibres  are  directed  upward,  and  join  the  aponeurosis  below  the 
coronal  suture.  The  inner  margins  of  the  frontal  portions  of  the  two  muscles  are 
joined  together  for  soifte  distance  above  the  root  of  the  nose ;  but  between  the 
occipital  portions  there  is  a  considerable,  though  variable,  interval,  which  is  occupied 
by  the  aponeurosis. 

The  aponeurosis  covers  the  upper  part  of  the  vertex  of  the  skull,  being 
continuous  across  the  middle  line  with  the  aponeurosis  of  the  opposite  muscle. 
Behind,  it  is  attached,  in  the  interval  between  the  occipital  origins,  to  the  occipital 
protuberance  and  superior  curved  lines  above  the  attachment  of  the  Trapezius  ;  in 
front,  it  forms  a  short  and  narrow  prolongation  between  the  frontal  portions ;  and 
on  each  side  it  has  connected  with  it  the  Attollens  and  Attrahens  aurem  muscles  ; 
in  this  situation  it  loses  its  aponeurotic  character,  and  is  continued  over  the 
temporal  fascia  to  the  zygoma  as  a  layer  of  laminated  areolar  tissue.  This 
aponeurosis  is  closely  connected  to  the  integument  by  the  firm,  dense,  fibro- 
fatty  layer,  which  forms  the  superficial  fascia ;  it  is  connected  with  the  pericranium 
by  loose  cellular  tissue,  which  allows  of  a  considerable  degree  of  movement  of  the 
integument. 

Nerves. — The  frontal  portion  of  the  Occipito-frontalis  is  supplied  by  the  facial 
nerve;  its  occipital  portion  by  the  posterior  auricular  branch  of  the  faciah  and 
sometimes  by  the  occipitalis  minor. 

Actions. — The  frontal  portion  of  the  muscle  raises  the  eyebrows  and  the  skin 
over  the  root  of  the  nose,  and  at  the  same  time  draws  the  scalp  forward,  throwing 
the  integument  of  the  forehead  into  transverse  wrinkles.  The  posterior  portion 
draws  the  scalp  backward.  By  bringing  alternately  into  action  the  frontal  and 
occipital  portions  the  entire  scalp  may  be  moved  forward  and  backward.  In  the 
ordinary  action  of  the  muscles,  the  eyebrows  are  elevated,  and  at  the  same  time 
the  aponeurosis  is  fixed  by  the  posterior  portion,  thus  giving  to  the  face  the 
expression  of  surprise :  if  the  action  is  more  exaggerated,  the  eyebrows  are  still 
further  raised,  and  the  skin  of  the  forehead  thrown  into  transverse  wrinkles,  as  in 
the  expression  of  fright  or  horror. 


2.  Aaricalar  Region  (Fig.  269). 

Attrahens  aurem.  Attollens  aurem. 

Retrahens  aurem. 

These  three  small  muscles  are  placed  immediately  beneath  the  skin  around  the 
external  ear.  In  man,  in  whom  the  external  ear  is  almost  immovable,  they  are 
nidimentary.  They  are  the  analogues  of  large  and  important  muscles  in  some  of 
the  mammalia. 

Diaseetion. — ^This  requires  considerable  care,  and  should  be  perfornied  in  the  following 
manner:  To  expose  the  Attollens  aurem,  draw  the  pinna  or  broad  part  of  the  ear  downward, 
when  a  tense  band  will  be  felt  beneath  the  skin,  passing  from  the  side  of  the  head  to  the 
upper  part  of  the  concha;  by  dividing  the  skin  over  this  band,  in  a  direction  from  below 
upward,  and  then  reflecting  it  on  each  side,  the  muscle  is  exposed.  To  brins^  into  view  the 
Attrahens  aurem,  draw  the  helix  backward  by  means  of  a  hook,  when  the  muscle  will  be  made 
lense,  and  may  be  exposed  in  a  similar  manner  to  the  preceding.  To  expose  the  Retrahens 
aunem,  draw  the  pinna  forwwrd,  when  the  muscle,  being  made  tense,  may  be  felt  beneath  the 
skin  at  its  insertion  into  the  back  part  of  the  concha,  and  may  be  exposed  in  the  same  manner 
as  the  other  muscles. 

The  Attrahens  aurem  {Aiirwularis  anterior)^  the  smallest  of  the  three,  is  thin, 
fen-shaped,  and  its  fibres  pale  and  indistinct ;  they  arise  from  the  lateral  edge  of 
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the  aponeurosis  of  the  Occipito-frontalis,  and  converge  to  be  inserted  into  a 
projection  on  the  front  of  the  helix. 

Relations. — Superficially^  with  the  skin ;  deeply^  with  the  areolar  tissue  derived 
from  the  aponeurosis  of  the  Occipito-frontalis,  beneath  which  are  the  temporal 
artery  and  vein  and  the  temporal  fascia. 

The  Attollens  aurem  (Auricularis  superior)^  the  largest  of  the  three,  is  thin 
and  fan-shaped :  its  fibres  arise  from  the  aponeurosis  of  the  Occipito-frontalis  and 
converge  to  be  inserted  by  a  thin,  flattened  tendon  into  the  upper  part  of  the 
cranial  surface  of  the  pinna. 

Relations. — Superficially^  with  the  integument ;  deeply,  with  the  areolar  tissue 
derived  from  the  aponeurosis  of  the  Occipito-frontalis,  beneath  which  is  the  temporal 
fascia. 

The  Retrahens  aurem  (Auricularis  posterior)  consists  of  two  or  three  fleshy 
fasciculi,  which  arise  from  the  mastoid  portion  of  the  temporal  bone  by  short 
aponeurotic  fibres.  They  are  inserted  into  the  lower  part  of  the  cranial  surfeu^e 
of  the  concha. 

Relations. — Superficially^  with  the  integument ;  deeply,  with  the  mastoid  portion 
of  the  temporal  bone. 

Nerves. — The  Attrahens  and  Attollens  aurem  are  supplied  by  the  temporal 
branch  of  the  facial ;  the  Retrahens  aurem  is  supplied  by  the  posterior  auricular 
branch  of  the  same  nerve. 

Actions. — In  man,  these  muscles  possess  very  little  action :  the  Attrahens  aurem 
draws  the  ear  forward  and  upward ;  the  Attollens  aurem  slightly  raises  it ;  and  the 
Retrahens  aurem  draws  it  backward. 

3.  Palpebral  Region  (Fig.  269). 

Orbicularis  palpebrarum.  Levator  palpebrae. 

Corrugator  supercilii.  Tensor  tarsi. 

Dissection  (Fig.  256). — In  order  to  expose  the  muscles  of  the  face,  continue  the  longi- 
tudinal incision  made  in  the  dissection  of  the  Occipito-frontalis  down  the  median  line  of  the 
face  to  the  tip  of  the  nose,  and  from  this  point  onward  to  the  upper  lip ;  and  cany  another 
incision  along  the  margin  of  the  lip  to  the  angle  of  the  mouth,  ana  transversely  across  the  face 
to  the  angle  of  the  jaw.  Then  make  an  incision  in  front  of  the  external  ear,  from  the  angle  of 
the  jaw  upward,  to  join  the  transverse  incision  made  in  exposing  the  Occipito-frontalis. 
These  incisions  include  a  square-shaped  flap,  which  should  be  removed  in  the  direction  marked 
in  the  figure,  with  care,  as  the  muscles  at  some  points  are  intimately  adherent  to  the 
integument. 

The  Orbicularis  palpebrarum  is  a  sphincter  muscle,  which  surrounds  the  cir- 
cumference of  the  orbit  and  eyelids.  It  arises  from  the  internal  angular  process 
of  the  frontal  bone,  from  the  nasal  process  of  the  superior  maxillary  in  front  of  the 
lachrymal  groove  for  the  nasal  duct,  and  from  the  anterior  surface  and  borders  of  a 
short  tendon,  the  tendo palpebrarum,  placed  at  the  inner  angle  of  the  orbit.  From 
this  origin  the  fibres  are  directed  outward,  forming  a  broad,  thin,  and  flat  layer, 
which  covers  the  eyelids,  surrounds  the  circumference  of  the  orbit,  and  spreads  out 
over  the  temple  and  downward  on  the  cheek.  The  palpebral  portion  (ciliaris)  of  the 
Orbicularis  is  thin  and  pale ;  it  arises  from  the  bifurcation  of  the  tendo  palpebrarum, 
and  forms  a  series  of  concentric  curves,  which  are  united  on  the  outer  side  of  the  eve- 
lids  at  an  acute  angle  by  a  cellular  raphe,  some  being  inserted  into  the  external  tarsal 
ligament  and  malar  bone.  The  orbicular  portion  (orbicularis  latus)  is  thicker  and 
of  a  reddish  color :  its  fibres  are  well  developed,  and  form  complete  ellipses.  The 
upper  fibres  of  this  portion  blend  with  the  Occipito-frontalis  and  Corrugator 
supercilii. 

Relations. — By  its  superficial  surface,  with  the  integument.  By  its  deep 
surface,  above,  with  the  Occipito-frontalis  and  Corrugator  supercilii,  with  which 
it  is  intimately  blended,  and  with  the  supra-orbital  vessels  and  nerve ;  below,  it 
covers  the  lachrymal  sac,  and  the  origin  of  the  Levator  labii  superioris  alseque 
nasi,  the  Levator  labii  superioris,  and  the  Zygomaticus  minor  muscles.     Inter- 
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ntdly,  it  ia  occasionally  blended  with  the  Pyramidalis  nasi.  ExtemaUy,  it  lies 
oD  the  temporal  fascia.  On  the  cyelida  it  is  separated  from  the  conjunctiva  bv 
the  Levator  palpebre,  the  tarsal  ligaments,  the  tarsal  plates,  and  the  Meibomian 
glands. 

The  tendo  palpebrarum  (tetido  oculi)  is  a  short  tendon,  about  two  lines  in  length 
anil  one  in  breadth,  attached  to  the  nasal  process  of  the  superior  maxillary  bone 
in  front  of  the  lachrymal  groove  for  the  nasal  duct.  Crossing  the  lachrymal  sac, 
itdirides  into  two  parts,  each  division  being  attached  to  tbe  inner  extremity  of  the 
corresponding  tarsal  plate.  As  the  tendon  crosses  the  lachrymal  sac.  a  strong 
aponeurotic  lamina  is  given  off  from  the  posterior  surface,  which  expands  over 
the  sac,  and  is  attached  to  the  ridge  on  the  lachrymal  bone.  This  is  the  reflected 
aponeurosis  of  tbe  tendo  palpebrarum. 

Use  of  Tendo  ocnli. — Besides  giving  attachment  to  part  of  the  Orbicularis 
palpebrarum,  and  to  the  tarsal  plates,  it  serves  to  suck  the  tears  into  tbe  lachrymal 
sac.  bv  its  attachment  to  the  sac.  Thus,  each  time  the  eyelids  are  closed,  the  tendo 
oculi  becomes  tightened,  alid  draws  the  wall  of  the  lachrymal  sac  outward  and 
forward,  ao  that  a  vacuum  is  made  in  the  sac,  and  the  tears  are  sucked  along  the 
lachrymal  canals  into  it. 

The  Oomigator  mpercilii  is  a  small,  narrow,  pyramidal  muscle,  placed  at  the 
inner  extremity  of  the  eyebrow,  be- 
neath  the  Occi  pi  to-frontal  is  ana 
Orbicularis  palpebrarum  muscles, 
li  arises  from  the  inner  extremity 
of  the  superciliary  ridge;  from 
whence  its  fibres  pass  upward  and 
outward,  to  be  inserted  into  the 
under  surface  of  the  orbicularis,  op- 
posite tbe  middle  of  the  orbital  arch. 

Eolations. — By  its  anterior  »ur- 
iatf  with  the  Occi  pi  to-frontal  is  and 
Orbicularis  palpebrarum  muscles; 
by  its  posterior  surface,  with  the 
Frontal    bone     and    supratrochlear 

The  Lerator  palpebrn  wilt  be 
described  with  the  muscles  of  the 
orbital  region. 

The  Tensor  tatsi  (Homer's 
moAcle)  (Fig.  270)  is  a  small  thin 
muscle  about  three  lines  in  breadth 
and  six  in  length,  situated  at  the 
inner  side  of  tne  orbit,  behind  the 
tendo  oculi.     It  arises  from  the  crest  ,    , 

,      ,.  .      f  ^i_  !_■.   1        _  Fio.  270.— Homer s  miiBcle.    (Froin  a  preMrellon  In  ina 

and  adjacent  part  OI  the  orbital  Sur-       MuMumoftbeHoyalCoUeBi;  or  fiurgeonsuf  England.) 

faceof  the  lachrymal  bone,  and,  pass- 
ing across  the  lachrymal  sac,  divides  into  two  slips,  which  cover  the  lacbrymal 
canals,  and  are  inserted  into  the  tarsal  plates  internal  to  the  puncta  lachrymalia. 
Ili  fibres  appear  to  be  continuous  with   those   of  the  palpebral   portion  of  the 
Orbicularis  palpebrarum ;  it  is  occasionally   very  indistinct. 

NerreB. — Tbe  Orbicularis  palpebrarum,  Corrugatorsupercilii,  and  Tensor  tarsi 
are  supplied  by  the  facial  nerve. 

Actions. — The  Orbicularis  palpebrarum  is  the  sphincter  muscle  of  the  eyelids. 
The  palpebral  portion  acts  involuntarily,  closing  tbe  lids  gently,  as  in  sleep  or  in 
Winking;  the  orbicular  portion  is  subject  to  the  will.  When  the  entire  muscle  i.s 
brought  into  action,  the  skin  of  tbe  forehead,  temple,  and  cheek  is  drawn  inward 
toward  the  innerangleof  the  orbit,  and  tbeeyelids  are  firmly  closed  as  in  photophobiii. 
When  the  skin  of  the  forehead,  temple,  and  cheek  is  thus  drawn  inward  by  the 
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acttou  of  the  muscle  it  is  throwD  into  folds,  especially  radiating  from  the  outer 
anglewf  the  eyelids,  which  give  rise  in  old  age  to  the  so-called  "  crow's  feet."  The 
Levator  palpebrje  ia  the  direct  antagonist  of  this  muscle  ;  it  raises  the  upper  eyelid 
and  exposes  the  globe.  The  Corrugator  supercilii  draws  the  eyebrow  downward 
and  inward,  producing  the  vertical  wrinkles  of  the  forehead.  Itia  the  "frowning" 
muscle,  and  may  be  regarded  as  the  principal  agent  in  the  expression  of  sufferiog. 
The  Tensor  tarsi  draws  the  eyelids  and  the  extremities  of  the  lachrymal  canals 
inward  and  compresses  them  against  the  surface  of  the  globe  of  the  eye;  thus 
|dacing  thera  in  the  most  favorable  situation  for  receiving  the  tears.  It  serves, 
also,  to  compress  the  lachrymal  sac. 

4.  Orbital  Region  (Fi?.  271). 
Levator  palpebr^  snperioris.  Rectus  internus. 

Rectus  superior.  Rectus  externus. 

Rectus  inferior.  Obliquus  oculi  superior. 

Obliquus  oculi  inferior. 

Diflsectioil. — To  open  the  cavity  of  the  orbit,  remove  the  skull-cap  and  brain ;  then  saw 
through  the  frontal  bone  at  the  inner  estremity  of  the  supraorbital  ridge,  and  extemaUy  at  m 


Fia.  371.— Uiuclei  of  the  right  orbit. 


junction  with  the  maUr.     Break  in  pieces  the  thin  roof  of  the  orbit  by  a  few  slight  blows 
of  tlie  hammer,  and  take  it  away;  drive  forward  tlie  superciliary  portion  of  the  frontal  bone  by 
t  stroke,  bat  do  not   remove  it,  as  that  would  destroy  the  pulley  of  t}ie  Obliquus 


SHjwrior.  When  the  frapmentu  are  cleared  away,  the  periosteiun  of  the  orbit  will  be  exposed ; 
ihts  being  removed,  together  with  the  fut  which  fills  the  cavity  of  the  orbit,  the  several  muacles 
uf  this  region  can  be  examined.  The  dissection  will  be  facilitated  by  distending  the  globe 
of  the  eye.  In  onler  to  effect  this,  puncture  the  optic  nerve  near  the  eyeball  with  a  curved 
needle,  and  push  liie  needle  onward  mto  the  globe;  Insert  the  point  of  a  blowpipe  through 
this  aperture,  and  force  a  litde  air  into  the  cavity  of  the  eyeball ;  then  apply  a  ligature  round 
the  nerve  »o  as  to  prevent  the  air  escaping.  The  globe  being  now  drawn  forward,  the  muacles 
will  be  put  ujMjn  ihe  stretch. 

The  Levator  palpehra  anperioris  is  thin,  flat,  and  triangular  in  shape.  It 
arises  from  the  under  euiface  of  the  lesser  wing  of  the  sphenoid,  above  and  in 
front  of  the  optic  foramen,  from  which  it  is  separated  by  the  origin  of  the  Superior 
rectus,  and  is  inserted,  by  a  broad  aponeurosis,  into  the  anterior  surface  of  the 
superior  tarsal  plate.  From  this  aponeurosis  a  thin  expansion  is  continued 
onward,  passing  between  the  fibres  of  the  Orbicularis  to  be  inserted  into  the  skin 
of  the  lid.  At  its  origin  it  is  narrow  and  tendinous,  but  soon  becomes  broad  and 
fle.shy,  and  finally  terminates  in  a  broad  aponeurosis. 

Belatio&a. — By  its  upper  surface,   with   the  frontal    nerve  and  supraorbital 
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krtery.  the  periosteum  of  the  orbit,  and,  in  the  lid,  with  the  ioDer  surface  of 
the  tarsal  ligament ;  by  its  under  surface,  with  the  Superior  rectus,  and,  in  the 
lid,  with  the  conjunctiva.  A  small  branch  of  the  third  nerve  enters  its  under 
surface. 

The  Superior  rectus,  the  thinnest  and  narrowest  of  the  four  Recti,  arises  from 
the  upper  margin  of  the  optic  foramen  beneath  the  Levator  palpebr?e  and  Superior 
ublique,  and  from  the  fibrous  sheath  of  the  optic  nerve,  and  is  inserted  by  a 
tendinous  expansion  into  the  sclerotic  coat,  about  three  or  four  lines  from  the 
margin  of  the  cornea. 

Belations. — By  its  upper  surface,  with  the  Levator  patpebrse ;  by  its  under  gur- 
faee,  with  the  optic  nerve,  the  ophthalmic  artery,  the  nasal  nerve,  and  the  branch 
of  the  third  nerve  which  supplies  it ;  and,  in  front,  with  the  tendon  of  the  Superior 
oblique  and  the  globe  of  the  eye. 

The  Inferior  and  Internal  Recti  arise  by  a  common  tendon  (the  ligament  of 
Zinn),^  which  is  attached  round  the  circumference  of  the  optic  foramen,  except  at 
its  upper  and  outer  part.  The  External  rectus  has  two  heads :  the  upper  one 
arises  from  the  outer  margin  of  the  optic  foramen  immediately  beneath  the  Superior 
rectus ;  the  lower  head,  partly  from  the  ligament  of  Ziiin  and  partly  from  a  small 
pointed  process  of  bone  on  the  lower  margin  of 
the  sphenoidal   fissure.      Each   muscle   passes  Btrtufttptnor. 

forward  in  the  position  implied  by  its  name,  to 
be  inserted  by  a  tendinous  expansion  (the  i 
fuittVa  albuginea)  into  the  sclerotic  coat,  about  " 
three  or  four  lines  from  the  margin  of  the 
cornea.  Between  the  two  heads  of  the  Ex- 
ternal rectus  is  a  narrow  interval,  through 
which  parses  the  third,  the  nasal  branch  of  the     t 

ophthalmic    division   of    the    fifth   and    sixth  KrVud. 

nerves,  and   the   ophthalmic    vein.     Although  had. 

nearly  all  of  these  muscles  present  a  common 

nricrm     anri    -tro    inaor^nH    in     «     almllur    manriBr       Fm.  27i.-The  relatlTe  ppalllon  and  attach- 
ongin    ana    jre   insertea   m    a   similar   manner        ment  of  the  musclea  of  the  len  eyeball, 
into  the  sclerotic  coat,  there  are  certain  differ- 
ences to  be  observed  in  them  as  regards  their  length  and  breadth.     The  Internal 
rectus  is  the  broadest,  the  External  is  the  longest,  and  the  Superior  is  the  thinnest 
and  narrowest. 

The  Superior  obliiine  is  a  fusiform  muscle  placed  at  the  upper  and  inner  siue 
of  the  orbit,  internal  to  the  Levator  palpebrse.  It  arises  about  a  line  above  the 
inner  margin  of  the  optic  foramen,  and,  passine  forward  to  the  inner  angle  of  the 
orbit,  terminates  in  a  rounded  tendon,  which  plays  in  a  ring  or  pulley  formed  by 
cartilaginous  tissue  attached  to  a  depression  beneath  the  internal  angular  process 
of  the  frontal  bone,  the  contiguous  surfaces  of  the  tendon  and  ring  being  lined  by 
a  delicate  synovial  membrane  and  enclosed  in  a  thin  fibrous  investment.  The 
tendon  is  reflected  backward,  outward,  and  downward  beneath  the  Superior  rectus 
to  the  outer  part  of  the  globe  of  the  eye,  and  is  inserted  into  the  sclerotic  coat, 
midway  between  the  cornea  and  entrance  of  the  optic  nerve,  the  insertion  of  the 
muscle  lying  between  the  Superior  and  External  recti. 

KeUtions. — By  its  upper  surface,  with  the  periosteum  covering  the  roof  of  the 
orbit  and  the  fourth  nerve:  the  tendon,  where  it  lies  on  the  globe  of  the  eye  is 
covered  by  the  Superior  rectus ;  by  its  under  surface,  with  the  nasal  nerve  and 
the  upper  border  of  the  internal  rectus. 

The  Inferior  oblique  is  a  thin,  narrow  muscle  placed  near  the  anterior  margin 
of  the  orbit.     It  arises  from  a  depression  on  the  orbital  plate  of  the  superior 

'  The  ligBment  of  Zinn  oueht,  perhaps  more  appropriately,  to  be  termed  the  aponeuiDain  or  tendon 
^  Kan.  Mr.  C".  B.  Lockwood  nas  described  a  somewhat  similar  stnictiire  on  the  under  Biirfaee  of  tlie 
Superior  rectim  louscle,  which  is  attach^  to  tlie  leaser  wing  of  the  Hphenoid.  forming  the  upjier  and 
Mter  maryin  of  the  optic  foramen.  Thia  ttiptrior  leadon  gives  origin  to  the  Superior  rectus,  the 
soperiorheid  of  the  External  rectus,  and  the  upper  part  of  the  Internal  rectus.  (J<mrruU  q/'  ATiatomy 
"M  Hjrofagy,  ToL  II.  part  i.  p,  I.) 
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maxillary  bone,  external  to  the  lachrymal  groove  for  the  nasal  duct.  Passing  out- 
ward, backward,  and  upward  beneath  the  Inferior  rectus,  and  then  between  the 
eyeball  and  the  External  rectus,  it  is  inserted  into  the  outer  part  of  the  sclerotic 
coat  between  the  Superior  and  External  recti,  near  to,  but  somewhat  behind,  the 
tendon  of  insertion  of  the  Superior  oblique. 

Relations. — By  its  ocular  surface j  with  the  globe  of  the  eye  and  with  the  Inferior 
rectus ;  by  its  orbital  surface^  with  the  periosteum  covering  the  floor  of  the  orbit, 
and  with  the  External  rectus.  Its  borders  look  forward  and  backward;  the 
posterior  one  receives  a  branch  of  the  third  nerve. 

Nerves. — The  Levator  palpebrse.  Inferior  oblique,  and  all  the  Recti  excepting 
the  External,  are  supplied  by  the  third  nerve ;  the  Superior  oblique,  by  the  fourth ; 
the  External  rectus,  by  the  sixth. 

Actions. — The  Levator  palpebrae  raises  the  upper  eyelid,  and  is  the  direct 
antagonist  of  the  Orbicularis  palpebrarum.  The  four  Recti  muscles  are  attached 
in  such  a  manner  to  the  globe  of  the  eye  that,  acting  singly,  they  will  turn  it 
either  upward,  downward,  inward,  or  outward,  as  expressed  by  their  names. 
The  movement  produced  by  the  Superior  or  Inferior  rectus  is  not  quite  a  simple 
one,  for,  inasmuch  as  they  pass  obliquely  outward  and  forward  to  the  eyeball,  the 
elevation  or  depression  of  the  cornea  must  be  accompanied  by  a  certain  deviation 
inward,  with  a  slight  amount  of  rotation,  which,  however,  is  corrected  by  the 
Oblique  muscles,  the  Inferior  oblique  correcting  the  deviation  inward  of  the 
Superior  rectus,  and  the  Superior  oblique  that  of  the  Inferior  rectus.  The  con- 
traction of  the  External  and  Internal  recti,  on  the  other  hand,  produces  a  purely 
horizontal  movement.  If  any  two  contiguous  recti  of  one  eye  act  together,  they 
carry  the  globe  of  the  eye  in  the  diagonal  of  these  directions — viz.  upward  and 
inward,  upward  and  outward,  downward  and  inward,  or  downward  and  outward. 
The  movement  of  circumduction,  as  in  looking  round  a  room,  is  performed  by 
the  alternate  action  of  the  four  Recti.  The  Oblique  muscles  rotate  the  eyeball 
on  its  antero-posterior  axis^  this  kind  of  movement  being  required  for  the  correct 
viewing  of  an  object  when  the  head  is  moved  laterally,  as  from  shoulder  to 
shoulder,  in  order  that  the  picture  may  fall  in  all  respects  on  the  same  part  of  the 
retina  of  each  eye.^ 

Surgical  Anatomy. — ^The  position  and  exact  point  of  insertion  of  the  tendons  of  the 
Internal  and  External  recti  muscles  into  the  globe  should  be  carefully  examined  from  the  front  of 
the  eyeball,  as  the  surgeon  is  oflen  required  to  divide  the  one  or  the  other  muscle  for  the  cure 
of  strabismus.  In  convergent  strabismus,  which  is  the  more  common  form  of  the  disease,  the 
eye  is  turned  inward,  requiring  the  division  of  the  Internal  rectus.  In  the  divergent  form, 
which  is  more  rare,  the  eye  is  turned  outward,  the  External  rectus  being  especially  miplicated. 
The  deformity  produced  in  either  case  is  to  be  remedied  by  division  of  one  or  the  other  muscle. 
The  operation  is  thus  performed :  The  lids  are  to  be  well  separated ;  the  eyeball  being  rotated 
outward  or  inward,  the  conjunctiva  should  be  raised  bv  a  pair  of  forceps  and  divided  immediately- 
beneath  the  lower  border  of  the  tendon  of  the  muscle  to  be  divided,  a  little  behind  its  insertion 
into  the  sclerotic ;  the  submucous  areolar  tissue  is  then  divided,  and  into  the  small  aperture 
thus  made  a  blunt  hook  is  passed  upward  between  the  muscle  and  the  globe,  and  the  tendon  of 
the  muscle  and  conjunctiva  covering  it  divided  by  a  pair  of  blunt-pointed  scissors.  Or  the 
tendon  may  be  divided  by  a  subconjunctival  incision,  one  blade  of  the  scissors  being  passed 
upward  between  the  tendon  and  the  conjunctiva,  and  the  other  between  the  tendon  and  the 
sclerotic.  The  student,  when  dissecting  these  muscles,  should  remove  on  one  side  of  the  subject 
the  conjunctiva  from  the  front  of  the  eye,  in  order  to  see  more  accurately  the  position  of  the 
tendons,  while  on  the  opposite  side  the  operation  may  be  performed. 

5.  Nasal  Region  (Fig.  269). 

Pyramidalis  nasi.  Dilatator  naris  anterior. 

Levator  labii  superioris  alaeque  nasi.  Compressor  nasi. 

Dilatator  naris  posterior.  Compressor  narium  minor. 

Depressor  alae  nasi. 

*  "  On  the  Oblique  Muscles  of  the  Eye  in  Man  and  Vertebrate  Animals,"  by  John  Struthers,  M.  D., 
in  Aruitomieal  and  Physiological  Obnenutijorui.  For  a  fuller  account  of  the  various  co-ordinate  actions 
of  the  muscles  of  a  single  eye  and  of  both  eyes  than  our  space  allows,  the  reader  may  be  referred  to 
Dr.  M.  Foster's  Text-ho(tk  of  Physiology, 
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The  Pyraxnidalis  nasi  is  a  small  pyramidal  slip  prolonged  downward  from  the 
Occi pi to-fron talis  upon  the  side  of  the  nose,  where  it  becomes  tendinous  and 
blends  with  the  Compressor  nasi.  As  the  two  muscles  descend  they  diverge, 
leaving  an  angular  interval  between  them. 

Belations. — By  its  upper  surface^  with  the  skin  ;  by  its  under  aurface^  with  the 
frontal  and  nasal  bones. 

The  Levator  labii  snperioris  alsqne  nasi  is  a  thin  triangular  muscle  placed 
by  the  side  of  the  nose,  and  extending  between  the  inner  margin  of  the  orbit  and 
upper  lip.  It  arises  by  a  pointed  extremity  from  the  upper  part  of  the  nasal 
process  of  the  superior  maxillary  bone,  and,  passing  obliquely  downward  and 
outward,  divides  into  two  slips,  one  of  which  is  inserted  into  the  cartilage  of  the 
ala  of  the  nose ;  the  other  is  prolonged  into  the  upper  lip,  becoming  hlended  with 
the  Orbicularis  oris  and  Levator  labii  superioris  proprius. 

Belations. — In  front,  with  the  integument,  and  with  a  small  part  of  the 
Orbicularis  palpebrarum  above. 

The  Dilatator  naris  posterior  is  a  small  muscle  which  is  placed  partly  beneath 
the  elevator  of  the  nose  and  lip.  It  arises  from  the  margin  of  the  nasal  notch  of 
the  superior  maxilla  and  from  the  sesamoid  cartilages,  and  is  inserted  into  the 
skin  near  the  margin  of   the  nostril. 

The  Dilatator  naris  anterior  is  a  thin  delicate  fasciculus  passing  from  the 
cartilage  of  the  ala  of  the  nose  to  the  integument  near  its  margin.  This  muscle  is 
situated  in  front  of  the  preceding. 

The  Compressor  nasi  is  a  small,  thin,  triangular  muscle  arising  by  its  apex 
from  the  superior  maxillary  bone,  above  and  a  little  external  to  the  incisive  fossa ; 
its  fibres  proceed  upward  and  inward,  expanding  into  a  thin  aponeurosis  which 
is  attached  to  the  fibro-cartilage  of  the  nose  and  is  continuous  on  the  bridge  of 
the  nose  with  that  of  the  muscle  of  the  opposite  side  and  with  the  iiponeurosis  of 
the  Pyramidalis  nasi. 

The  Compressor  narium  minor  is  a  small  muscle  attached  by  one  end  to  the  alar 
cartilage,  and  by  the  other  to  the  integument  at  the  end  of  the  nose. 

The  Depressor  als  nasi  is  a  short  radiated  muscle  arising  from  the  incisive 
fossa  of  the  superior  maxilla ;  its  fibres  ascend  to  be  inserted  into  the  septum  and 
back  part  of  the  ala  of  the  nose.  This  muscle  lies  between  the  mucous  membrane 
and  muscular  structure  of  the  lip. 

Keryes. — All  the  muscles  of  this  group  are  supplied  by  the  facial  nerve. 

Actions. — The  Pyramidalis  nasi  draws  down  the  inner  angle  of  the  eyebrows 
and  produces  transverse  wrinkles  over  the  bridge  of  the  nose  ;  by  some  anatomists 
it  is  also  considered  as  an  elevator  of  the  ala,  and,  consequently,  a  dilator  of  the 
nose.*  The  Levator  labii  superioris  alieque  nasi  draws  upward  the  upper  lip  and 
ala  of  the  nose :  its  most  important  action  is  upon  the  nose,  which  it  dilates  to  a 
considerable  extent.  The  action  of  this  muscle  produces  a  marked  influence  over 
the  countenance,  and  it  is  the  principal  agent  in  the  expression  of  contempt  and 
disdain.  The  two  Dilatatores  nasi  enlarge  the  aperture  of  the  nose.  Their  action 
in  ordinary  breathing  is  to  resist  the  tendency  of  the  nostrils  to  close  from 
atmospheric  pressure,  but  in  difficult  breathing  they  may  be  noticed  to  be  in 
violent  action,  as  well  as  in  some  emotions,  as  anger.  The  Depressor  alaj  nasi  is 
a  direct  antagonist  of  the  other  muscles  of  the  nose,  drawing  the  ala  of  the 
none  downward,  and  thereby  constricting  the  aperture  of  the  nares.  The  Com- 
pressor nasi  depresses  the  cartilaginous  part  of  the  nose  and  compresses  the  ahe 
together. 

'  Although  this  muscle  anatomically  seems  to  be  a  continuation  of  the  Occipito-frontalis  down- 
wmfd,  it  is  really  the  reverse.  Its  origin  is  from  the  nose  below,  and  its  insertion  into  the  Oceipito- 
froDtalis  and  skin.  If  one  pole  of  a  battery  be  placed  in  front  of  the  lobe  of  the  ear,  and  the  other 
•  a  small  pointed  one)  be  carried  up  and  down  over  the  nose  and  forehead  in  the  middle  line,  it  Ls  easy 
to  find  a  nodal  point  of  indifference  above  which  the  Occipito-frontal  draws  the  parts  upward,  and 
below  which  the  Pyramidalis  draws  them  downward  (W.  W.  Keen,  M.  D.,  American  edition). 
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6.  Superior  Maxillary  Region  (Fig.  269). 

Levator  labii  superioris.  Zygomaticus  major. 

Levator  anguli  oris.  Zygomaticus  minor. 

The  Levator  labii  saperioris  (proprius)  is  a  thin  muscle  of  a  quadrilateral  form. 
It  arises  from  the  lower  margin  of  the  orbit  immediately  above  the  infraorbital 
foramen,  some  of  its  fibres  being  attached  to  the  superior  maxilla,  others  to  the 
malar  bone ;  its  fibres  converge  to  be  inserted  into  the  muscular  substance  of  the 
upper  lip. 

Relations. — By  its  superficial  surface  above,  with  the  lower  segment  of  the 
Orbicularis  palpebrarum ;  below,  it  is  subcutaneous.  By  its  deep  surface  it 
conceals  the  origin  of  the  Compressor  nasi  and  Levator  anguli  oris  muscles, 
and  the  infraorbital  vessels  and  nerve,  as  they  escape  from  the  infraorbital 
foramen. 

The  Levator  anguli  oris  arises  from  the  canine  fossa  immediately  below  the 
infraorbital  foramen  ;  its  fibres  incline  downward  and  a  little  outward,  to  be 
inserted  into  the  angle  of  the  mouth,  intermingling  with  those  of  the  Zygomaticus 
major,  the  Depressor  anguli  oris,  and  the  Orbicularis. 

Relations. — By  its  superficial  surface^  with  the  Levator  labii  superioris  and 
the  infraorbital  vessels  and  nerves ;  by  its  deep  surface,  with  the  superior  maxilla, 
the  Buccinator,  and  the  mucous  membrane. 

The  Zygomaticus  major  is  a  slender  fasciculus  which  arises  from  the  malar 
bone,  in  front  of  the  zygomatic  suture,  and,  descending  obliquely  downward  and 
inward,  is  inserted  into  the  angle  of  the. mouth,  where  it  blends  with  the  fibres  of 
the  Levator  anguli  oris,  the  Orbicularis  oris,  and  the  Depressor  anguli  oris. 

Relations. — By  its  superficial  surface,  with  the  subcutaneous  adipose  tissue ; 
by  its  deejy  surface,  with  the  malar  bone  and  the  Masseter  and  Buccinator 
muscles. 

The  Zygomaticus  minor  arises  from  the  malar  b(me  immediately  behind  the 
maxillary  suture,  and,  passing  downward  and  inward,  is  continuous  with  the 
Orbicularis  oris  at  the  outer  margin  of  the  Levator  labii  superioris.  It  lies  in  front 
of  the  preceding. 

Relations. — By  its  superficial  surface,  with  the  integument  and  the  Orbicularis 
palpebrarum  above;  by  its  deep  surface,  with  the  Masseter,  Buccinator,  and 
Levator  anguli  oris. 

Nerves. — This  group  of  muscles  is  supplied  by  the  facial  nerve. 

Actions. — The  Levator  labii  superioris  is  the  proper  elevator  of  the  upper  lip. 
carrying  it  at  the  same  time  a  little  forward.  It  assists  in  forming  the  naso-labial 
ridge,  which  passes  from  the  side  of  the  nose  to  the  upper  lip  and  gives  to  the  face 
an  expression  of  sadness.  The  Levator  anguli  oris  raises  the  angle  of  the  mouth, 
and  assists  the  Levator  labii  superioris  in  producing  the  naso-labial  ridge.  The 
Zygomaticus  major  draws  the  angle  of  the  mouth  backward  and  upward,  as  in 
laughing ;  whilst  the  Zygomaticus  minor,  being  inserted  into  the  outer  part  of  the 
upper  lij)  and  not  into  the  angle  of  the  mouth,  draws  it  backward,  upward,  and 
outward,  and  thus  gives  to  the  face  an  expression  of  sadness. 

7.  Inferior  Maxillary  Region  (Fig.  269). 

Levator  labii  inferioris  (Levator  menti). 
Depressor  labii  inferioris  (Quadratus  menti). 
Depressor  anguli  oris  (Triangularis  menti). 

Dissection. — ^The  muscles  in  this  refirion  may  be  dissected  by  making  a  vertical  incision 
throuirh  the  integument  from  the  margin  of  the  lower  lip  to  the  cliin :  a  second  incision  should 
then  be  carried  along  tlie  margin  of  the  lower  jaw  as  far  as  the  angle,  and  the  integument  care- 
fully removed  in  the  direction  shown  in  Fig.  268. 

The  Levator  labii  inferioris  (Levator  menti)  is  to  be  dissected  by  everting  the 
lower  lip  and  raising  the  mucous  membrane.  It  is  a  small  conical  fasciculus  placed 
on  the  side  of  the  fnenum  of  the  lower  lip.     It  arises  from  the  incisive  fossa. 
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external  to  the  symphysis  of  the  lower  jaw ;  its  fibres  descend  to  be  inserted  into 
the  integument  of  the  chin. 

Belation. — On  its  inner  surface,  with  the  mucous  membrane ;  in  the  median 
line^  it  is  blended  with  the  muscle  of  the  opposite  side ;  and  on  its  ovter  side,  with 
the  Depressor  labii  inferioris. 

The  Depressor  labii  inferioris  (Quadratus  menti)  is  a  small  quadrilateral 
muscle.  It  arises  from  the  external  oblique  line  of  the  lower  jaw,  between  the 
symphysis  and  mental  foramen,  and  passes  obliquely  upward  and  inward,  to  be 
inserted  into  the  integument  of  the  lower  lip,  its  fibres  blending  with  the  Orbicularis 
oris  and  with  those  of  its  fellow  of  the  opposite  side.  It  is  continuous  with  the 
fibres  of  the  Platysma  at  its  origin.  This  muscle  contains  much  yellow  fat  inter- 
mingled with  its  fibres. 

Belations. — By  its  superficial  surface^  with  part  of  the  Depressor  anguli  oris 
and  with  the  integument,  to  which  it  is  closely  connected;  by  its  deep  surface, 
with  the  mental  vessels  and  nerves,  the  mucous  membrane  of  the  lower  lip,  the 
labial  glands,  and  the  Levator  menti,   with  which  it  is  intimately  united. 

The  Depressor  anguli  oris  (Triangularis  menti)  is  triangular  in  shape,  arising, 
by  its  broad  base,  from  the  external  oblique  line  of  the  lower  jaw,  from  whence  its 
fibres  pass  upward,  to  be  inserted,  by  a  narrow  fasciculus,  into  the  angle  of  the 
mouth.  It  is  continuous  with  the  Platysma  at  its  origin  and  with  the  Orbicu- 
laris oris  and  Risorius  at  its  insertion,  and  some  of  its  fibres  are  directly  continuous 
with  those  of  the  Levator  anguli  oris. 

Relations. — By  its  superficial  surface,  with  the  integument ;  by  its  deep  surface, 
with  the  Depressor  labii  inferioris  and  Buccinator. 

Nerves. — This  group  of  muscles  is  supplied  by  the  facial  nerve. 

Actions. — The  Levator  labii  inferioris  raises  the  lower  lip  and  protrudes  it 
forward,  and  at  the  same  time  wrinkles  the  integument  of  the  chin,  expressing 
doubt  or  disdain.  The  Depressor  labii  inferioris  draws  the  lower  lip  directly 
downward  and  a  little  outward,  as  in  the  expression  of  irony.  The  Depressor 
anguli  oris  depresses  the  angle  of  the  mouth,  being  the  antagonist  to  the  Levator 
anguli  oris  and  Zygomaticus  major;  acting  with  these  muscles,  it  will  draw  the 
angle  of  the  mouth  directly  backward. 

8.  Intermaxillary  Region. 

Orbicularis  oris.  Buccinator.  Risorius. 

Dissection. — ^The  dissection  of  these  muscles  may  be  considerably  facihtated  by  filling  the 
cavity  of  the  mouth  with  tow,  so  as  to  distend  the  cheeks  and  lips ;  the  mouth  should  then  be 
elosed  by  a  few  stitches  and  the  integiunent  carefuUy  removed  from  the  surface. 

The  Orbicularis  oris  (Fig.  269)  is  not  a  sphincter  muscle,  like  the  Orbicularis 
palpebrarum,  but  consists  of  numerous  strata  of  muscular  fibres,  having  different 
directions,  which  surround  the  orifice  of  the  mouth.  These  fibres  are  partially 
derived  from  the  other  facial  muscles  which  are  inserted  into  the  lips,  and  are 
partly  fibres  proper  to  the  lips  themselves.  Of  the  former,  a  considerable  number 
are  derived  from  the  Buccinator  and  form  the  deeper  stratum  of  the  Orbicularis. 
Some  of  them — namely,  those  near  the  middle  of  the  muscle — decussate  at  the  angle 
of  the  mouth,  those  arising  from  the  upper  jaw  passing  to  the  lower  lip,  and  those 
from  the  lower  jaw  to  the  upper  lip.  Other  fibres  of  the  muscle,  situated  at  its 
upper  and  lower  part,  pass  across  the  lips  from  side  to  side  without  interruption. 
Superficial  to  this  stratum  is  a  second,  formed  by  the  Levator  and  Depressor 
anguli  oris,  which  cross  each  other  at  the  angle  of  the  mouth,  those  from  the 
Depressor  passing  to  the  upper  lip,  and  those  from  the  Levator  to  the  lower  lip, 
along  which  they  run  to  be  inserted  into  the  skin  near  the  median  line.  In 
addition  to  these  there  are  fibres  from  the  other  muscles  inserted  into  the  lips — the 
Levator  labii  superioris,  the  Levator  labii  superioris  alaeque  nasi,  the  Zygomatici, 
and  the  Depressor  labii  inferioris ;  these  intermingle  with  the  transverse  fibres 
above  described,  and  have  principally  an  oblique  direction.     The  proper  fibres  of 
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the  lips  are  oblique,  and  pass  from  the  under  surface  of  the  skin  to  the  mucous 
membrane  through  the  thickness  of  the  lip.  And  in  addition  to  these  are  fibres 
by  which  the  muscle  is  connected  directly  with  the  maxillary  bones  and  the  septum 
of  the  nose.  These  consist,  in  the  upper  lip,  of  four  bands,  two  of  which  {Acce%Borii 
orbicularis  superioris)  arise  from  the  alveolar  border  of  the  superior  maxilla, 
opposite  the  lateral  incisor  tooth,  and,  arching  outward  on  each  side,  are  continuous 
at  the  angles  of  the  mouth  with  the  other  muscles  inserted  into  this  part.  The 
two  remaining  muscular  slips,  called  the  Naso-labialis,  connect  the  upper  lip  to  the 
back  of  the  septum  of  the  nose :  as  they  descend  from  the  septum  an  interval  is 
left  between  them.  It  is  this  interval  which  forms  the  depression  seen  on  the 
surface  of  the  skin  beneath  the  septum  of  the  nose.  The  additional  fibres  for  the 
lower  segment  (Aecessorii  orbicularis  inferioria)  arise  from  the  inferior  maxilla, 
externally  to  the  Levator  labii  inferioris,  and  arch  outward  to  the  angles  of  the 
mouth,  to  join  the  Buccinator  and  the  other  muscles  attached  to  this  part. 

Relations. — By  its  superficial  surface^  with  the  integument,  to  which  it  is 
closely  connected ;  by  its  deep  surface,  with  the  buccal  mucous  membrane,  the 
labial  glands,  and  coronary  vessels ;  by  its  outer  circumfereyice  it  is  blended  with 
the  numerous  muscles  which  converge  to  the  mouth  from  various  parts  of  the  face. 
Its  inner  circumference  is  free,  and  covered  by  the  mucous  membrane. 

The  Buccinator  (Fig.  282)  is  a  broad,  thin  muscle,  quadrilateral  in  form, 
which  occupies  the  interval  between  the  jaws  at  the  side  of  the  face.  It  arises 
from  the  outer  surface  of  the  alveolar  processes  of  the  upper  and  lower  jaws, 
corresponding  to  the  three  molar  teeth,  and,  behind,  from  the  anterior  border  of 
the  pterygo-maxillary  ligament.  The  fibres  converge  toward  the  angle  of  the 
mouth,  where  the  central  fibres  intersect  each  other,  those  from  below  being 
continuous  with  the  upper  segment  of  the  Orbicularis  oris,  and  those  from  above 
with  the  inferior  segment ;  the  highest  and  lowest  fibres  continue  forward  uninter- 
ruptedly into  the  corresponding  segment  of  the  lip,  without  decussation. 

Relations. — By  its  superficial  surface,  behind,  with  a  large  mass  of  fat,  which 
separates  it  from  the  ramus  of  the  lower  jaw,  the  Masseter,  and  a  small  portion  of 
the  Temporal  muscle ;  anteriorly,  with  the  Zygomatici,  Risorius,  Levator  anguli 
oris,  Depressor  anguli  oris,  and  Stenson's  duct,  which  pierces  it  opposite  the 
second  molar  tooth  of  the  upper  jaw  ;  the  facial  artery  and  vein  cross  it  from  below 
upward.  It  is  also  crossed  by  the  branches  of  the  facial  and  buccal  nerves  by  its 
internal  surface,  with  the  buccal  glands  and  mucous  membrane  of  the  mouth. 

The  pterygo-maxillary  ligament  separates  the  Buccinator  muscle  from  the 
Superior  constrictor  of  the  pharynx.  It  is  a  tendinous  band,  attached  by  one 
extremity  to  the  apex  of  the  internal  pterygoid  plate,  and  by  the  other  to  the 
posterior  extremity  of  the  internal  oblique  line  of  the  lower  jaw.  Its  inner  surface 
corresponds  to  the  cavity  of  the  mouth,  and  is  lined  by  mucous  membrane.  Its 
outer  surface  is  separated  from  the  ramus  of  the  jaw  by  a  quantity  of  adipose 
tissue.  Its  posterior  border  gives  attachment  to  the  Superior  constrictor  of  the 
pharynx ;  its  anterior  border^  to  the  fibres  of  the  Buccinator  (see  Fig.  282). 

The  Risorius  (Santorini')  (Fig.  269)  consists  of  a  narrow  bundle  of  fibres  which 
arises  in  the  fascia  over  tne  Masseter  muscle,  and,  passing  horizontally  forward, 
is  inserted  into  the  skin  at  the  angle  of  the  mouth.  It  is  placed  superficial  to  the 
Platysma,  and  is  broadest  at  its  outer  extremity.  This  muscle  varies  much  in  its 
size  and  form. 

Nerves. — The  Orbicularis  oris  and  the  Risorius  are  supplied  by  the  facial,  the 
Buccinator  by  the  facial  and  by  the  buccal  branch  of  the  inferior  maxillary  nerve  : 
which  latter,  however,  is  by  many  anatomists  regarded  as  a  sensory  nerve  only. 

Actions. — The  Orbicularis  oris  in  its  ordinary  action  produces  the  direct  closure 
of  the  lips ;  by  its  deep  fibres,  assisted  by  the  oblique  ones,  it  closely  applies  the 
lips  to  the  alveolar  arch.  The  superficial  part,  consisting  principally  of  the 
decussating  fibres,  brings  the  lips  together  and  also  protrudes  them  forward.  The 
Buccinators  contract  and  compress  the  cheeks,  so  that,  during  the  process  of 
mastication,  the  food  is  kept  under  the  immediate  pressure  of  the  teeth.     When 
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the  cheeks  have  been  previously  distended  with  air,  the  Buccinator  muscles  expel 
it  from  between  the  lips,  as  in  blowing  a  trumpet.  Hence  the  name  {buccina^  a 
trumpet).  The  Risorius  retracts  the  angles  of  the  mouth,  and  is  therefore  regarded 
as  the  "smiling"  muscle. 

9.  Temporo-maxillary  Region. 

Masseter.  Temporal. 

Masseteric  Fascia. — Covering  the  Masseter  muscle,  and  firmly  connected  with 
it,  is  a  strong  layer  of  fascia  derived  from  the  deep  cervical  fascia.  Above,  this 
fascia  is  attached  to  the  lower  border  of  the  zygoma,  and,  behind,  it  covers  the 
parotid  gland,  constituting  the  parotid  fascia. 

The  Masseter  is  exposed  by  the  removal  of  this  fascia  (Fig.  269) ;  it  is  a  short, 
thick  muscle,  somewhat  quadrilateral  in  form,  consisting  of  two  portions,  super- 
ficial and  deep.  The  superficial  portion^  the  larger,  arises  by  a  thick,  tendinous 
aponeurosis  from  the  malar  process  of  the  superior  maxilla,  and  from  the  anterior 
two-thirds  of  the  lower  border  of  the  zygomatic  arch :  its  fibres  pass  downward 
and  backward,  to  be  inserted  into  the  angle  and  lower  half  of  the  outer  surface 
of  the  ramus  of  the  jaw.  The  deep  portion  is  much  smaller  and  more  muscular 
in  texture ;  it  arises  from  the  posterior  third  of  the  lower  border  and  the  whole  of 
the  inner  surface  of  the  zygomatic  arch ;  its  fibres  pass  downward  and  forward, 
to  be  inserted  into  the  upper  half  of  the  ramus  and  outer  surface  of  the  coronoid 
process  of  the  jaw.  The  deep  portion  of  the  muscle  is  partly  concealed,  in  front 
by  the  superficial  portion ;  behind,  it  is  covered  by  the  parotid  gland.  The  fibres 
of  the  two  portions  are  united  at  their  insertion. 

delations. — By  its  superficial  surface^  with  the  Zygomatici,  the  Socia  parotidis, 
and  Stenson's  duct ;  the  branches  of  the  facial  nerve  and  the  transverse  facial 
vessels,  which  cross  it ;  the  mavsseteric  fascia ;  the  Risorius,  Santorini,  Platysma 
myoides,  and  the  integument ;  by  its  deep  surface^  with  the  Temporal  muscle  at 
its  insertion,  the  ramus  of  the  jaw,  and  the  Buccinator,  from  which  it  is  separated 
bv  a  mass  of  fat.  The  masseteric  nerve  and  arterv  enter  it  on  its  under  surface. 
Its  posterior  margin  is  overlapped  by  the  parotid  gland.  Its  anterior  margin 
projects  over  the  Buccinator  muscle,  and  the  facial  vein  lies  on  it  below. 

The  temporal  fascia  is  seen,  at  this  stage  of  the  dissection  covering  in  the 
Temporal  muscle.  It  is  a  strong,  fibrous  investment,  covered,  on  its  outer  surface, 
by  the  Attrahens  and  Attollens  aurem  muscles,  the  aponeurosis  of  the  Occipito- 
frontalis,  and  by  part  of  the  Orbicularis  palpebrarum.  The  temporal  vessels  and 
the  auriculo-temporal  nerve  cross  it  from  below  upward.  Above,  it  is  a  single 
layer,  attached  to  the  entire  extent  of  the  upper  temporal  ridge ;  but  below,  where 
it  18  attached  to  the  zygoma,  it  consists  of  two  layers,  one  of  which  is  inserted  into 
the  outer,  and  the  other  into  the  inner,  border  of  the  zygomatic  arch.  A  small 
quantity  of  fat,  the  orbital  branch  of  the  temporal  artery,  and  a  filament  from  the 
orbital,  or  temporo-malar,  branch  of  the  superior  maxillary  nerve,  are  contained 
between  these  two  layers.  It  affords  attachment  by  its  inner  surface  to  the 
superficial  fibres  of  the  Temporal  muscle. 

Dissection. — In  order  to  expose  the  Temporal  mustrle,  remove  the  temporal  fascia,  which 
may  be  effected  by  separating  it  at  its  attachment  along  the  upper  border  of  the  zygoma,  and 
dissecting  it  upward  nrom  the  surface  of  the  muscle.  The  zygomatic  arch  should  then 
be  divided  in  front  at  its  junction  with  the  malar  bone,  and  behind  near  the  external  auditor^' 
meatus,  and  drawn  downward  with  the  Masseter,  which  should  be  detached  from  its  inser- 
tion into  the  ramus  and  angle  of  the  jaw.  The  whole  extent  of  the  Temporal  muscle  is  then 
exposed. 

The  Temporal  (Fig.  273)  is  a  broad,  radiating  muscle  situated  at  the  side  of  the 
head  and  occupying  the  entire  extent  of  the  temporal  fossa.  It  arises  from  the 
whole  of  the  temporal  fossa  except  that  portion  of  it  that  is  formed  by  the  malar 
bone.  Its  attachment  extends  from  the  external  angular  process  of  the  frontal  in 
front  to  the  mastoid  portion  of  the  temporal  behind,  and  from  the  curved  line  on 
the  frontal  and  parietal  bones  above  to  the  pterygoid  ridge  on  the  great  wing  of 
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the  sphenoid  below.     It  ia  also  attached  to  the  inner  surface  of  the  temporal  faacia. 
lu  Sbrea  converge  as  they  descend,  and  terminate  in  an  aponeurosiB,  the  fibres  of 


Fia.  2T3.— The  Temporal  mmcle,  the  lygomH  and  Haueter  having  been  removed. 

which,  radiated  at-its  commencement,  converge  into  a  thick  and  flat  tendon,  which 
is  inserted  into  the  inner  surface,  apex,  and  anterior  border  of  the  coronoid  process 
of  the  jaw,  nearly  as  far  forward  as  the  last  molar  tooth. 

Relations. — By  its  superficial  surface,  with  the  integument,  the  Attrahena  and 
Attolleos  aurem  muacles,  the  temporal  vessels  and  nerves,  the  aponeurosis  of  the 
Occipito-fron talis,  the  temporal  fascia,  the  zygoma,  and  Maaseter ;  by  its  deep 
surface,  with  the  temporal  fossa,  theExternal  pterygoid  and  part  of  the  Buccinator 
muscles,  the  internal  maxillary  arterv,  its  deep  temporal  branches,  and  the  deep 
temporal  nerves.  Behind  the  tendon  are  the  masseteric  vessels  and  nerve,  and  in 
front  of  it  the  buccal  vessels  and  nerve.  Its  anterior  border  is  separated  from  the 
malar  bone  by  a  mass  of  fat. 

Nerres. — Both  muscles  are  supplied  by  the  inferior  maxillary  nerve. 

10.  Pterygo-maxillary  Region  (Fig.  274). 
External  Pterygoid.  Internal  Pterygoid. 

Diasection. — The  Temporal  muscle  having  been  examined,  saw  through  the  base  of  the 
ooronoid  process,  and  draw  it  upward,  together  with  the  Temporal  muscle,  which  should  be 
detached  from  the  surface  of  the  temporal  fossa.  Divide  the  ramus  of  the  jaw  just  below  the 
condyle,  and  also,  by  a  Iransverse  incision  extending  across  the  middle,  just  above  the  dental 
foramen ;  remove  the  t'r<ij;nient,  and  the  Pterygoid  museles  will  be  exposed. 

The  External  Pterygoid  is  a  short,  thick  muscle,  somewhat  conical  in  form, 
which  extends  almost  horizontally  between  the  zygomatic  fossa  and  the  condyle  of 
the  jaw.  It  arises  from  the  pterygoid  ridge  on  the  great  wing  of  the  sphenoid  and 
the  portion  of  bone  included  between  it  and  the  base  of  the  pterygoid  process, 
and  from  the  outer  surface  of  the  external  pterygoid  plate.  Its  fibres  pass 
horizontally  backward  and  outward,  to  be  inserted  into  a  depression  in  front  of 
the  neck  of  the  condyle  of  the  lower  jaw  and  into  the  corresponding  part  of  the 
interarticular  fibro-cartilafre.  This  muscle,  at  its  origin,  appears  to  consist  of  two 
portions  separated  by  a  slight  interval :  hence  the  terms  upper  and  lower  head 
sometimes  used  in  the  description  of  the  muscle. 

Relations. — By  its  external  surface,  with  the  ramus  of  the  lower  jaw,   the 
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internal  maxillary  artery,  which  crosses  it,'  the  tendon  of  the  Temporal  muscle, 
and  the  Masseter;  by  its  internal  surface  it  rests  against  the  upper  part  of  the 
Internal  pterygoid,  the  internal  lateral  ligament,  the  middle  meningeal  artery, 


F](,.  ^71.— The  Pterygoid  mnscleB,  the  lygomatlc  arch  and  a  portlou  of  the  ramuB  of  the  )»w  having  been 

»ni]  inferior  maxillary  nerve ;  by  its  upper  border  it  is  in  relation  with  the  temporal 
ami  masseteric  branches  of  the  inferior  maxillary  nerve ;  by  its  lower  border  it  is 
in  relation  with  the  inferior  dental  and  gustatory  nerves,  and  it  is  pierced  bv  the 
buccal  nerve.  In  the  interval  between  the  two  portions  of  the  muscle  the  internal 
maxillarv  artery  passes,  when  this  vessel  lies  on  the  muscle  (see  Fig.  274). 

The  Internal  Pterygoid  is  a  thick,  quadrilateral  muscle,  and  resembles  the 
Masseter  in  form.  It  arises  from  the  pterygoid  fossa,  being  attached  to  the  inner 
surface  of  the  external  pterygoid  plate  and  to  the  grooved  surface  of  the  tuberosity 
of  the  palate  bone,  and  by  a  second  slip  from  the  outer  surface  of  the  tuberosity 
of  the  palate  bone  and  from  the  tuberosity  of  the  superior  maxillary  bone ;  its  fibres 
pass  downward,  outward,  and  backward,  to  be  inserted,  by  a  strong,  tendinous 
lamina,  into  the  lower  and  back  part  of  the  inner  side  of  the  ramus  and  angle  of 
the  lower  jaw,  as  high  as  the  dental  foramen. 

Selations. — By  its  external  surface,  with  the  ramus  of  the  lower  jaw,  from 
which  it  is  separated,  at  its  upper  part,  by  the  External  pterygoid,  the  internal 
Uieral  ligament,  the  internal  maxillary  artery,  the  dental  vessels  and  nerves,  and 
the  lingual  nerve ;  by  its  internal  surface,  with  the  Tensor  palati,  being  separated 
from  the  Superior  constrictor  of  the  pharynx  by  a  cellular  interval. 

Nerves. — These  muscles  are  supplied  by  the  inferior  maxillary  nerve. 

Actions. — The  Temporal  and  Masseter  and  Internal  pterygoid  raise  the  lower 
jaw  against  the  upper  with  great  force.  The  superficial  portion  of  the  Masseter 
assists  the  External  pterygoid  in  drawing  the  lower  jaw  forward  upon  the  upper, 
the  jaw  being  drawn  back  again  by  the  deep  fibres  of  the  Masseter  and  posterior 
fibres  of  the  Temporal.  The  External  pterygoid  muscles  are  the  direct  agents  in 
the  trituration  of  the  food,  drawing  the  lower  jaw  directly  forward,  so  as  to  make 
Ihe  lower  teeth  project  beyond  the  upper.  If  the  muscle  of  one  side  acts,  the 
cir  res  landing  side  of  the  jaw  is  drawn  forward,  and,  the  other  condyle  remaining 
fised,  the  symphysis  deviates  to  the  opposite  side.  The  alternation  of  these 
moTements  on  the  two  sides  produces  tritunition. 

'  This  is  Ibe  usual  ivlalion,  but  in  manv  casex  the  arteri-  will  be  found  below  the  muscle; 
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Sor&ce  Form. — ^The  outline  of  the  muscles  of  the  head  and  face  cannot  be  traced  on  the 
surface  of  the  body,  except  in  the  case  of  two  of  the  masticatory  muscles.  Those  of  the  head 
arc  thin,  so  that  the  outline  of  the  bone  is  perceptible  beneath  them.  Those  in  the  face  are 
small,  covered  by  sofl  skin,  and  often  by  a  considerable  layer  of  fat,  so  that  their  outline  is  con- 
cealed, but  they  serve  to  round  off  and  smooth  prominent  borders  and  to  fill  up  what  would  be 
otherwise  unsightly  angular  depressions.  Thus,  the  Orbicularis  palpebrarum  rounds  off  the 
prominent  margin  of  the  orbit,  and  the  Pyramidalis  nasi  fills  in  the  sharp  depression  beneath 
the  glabella,  and  thus  soflens  and  tones  down  the  abrupt  depression  which  is  seen  on  the 
unclothed  bone.  In  like  maimer,  the  labial  muscles,  converging  to  the  lips  and  assisted  by  the 
superimposed  fat,  fill  in  the  sunken  hollow  of  the  lower  part  of  the  face.  Although  the  muscles 
of  the  face  are  usually  described  as  arising  from  the  bones  and  inserted  into  the  nose,  lips,  and 
corners  of  the  mouth,  they  have  fibres  inserted  into  the  skin  of  the  face  along  their  whole 
extent,  so  that  almost  every  point  of  the  skin  of  the  face  has  its  muscular  fibre  to  move  it ; 
hence  it  is  that  when  in  action  the  facial  muscles  produce  alterations  in  the  skin-surface, 
giving  rise  to  the  formation  of  various  folds  or  wrinkles,  or  otherwise  altering  the  relative 

Eosition  of  parts,  so  as  to  produce  the  varied  expressions  with  which  the  face  is  endowed ; 
ence  these  muscles  are  termed  the  '"muscles  of  expression."  The  only  two  muscles  in  this 
region  which  greatly  influence  surface  form  are  the  Masseter  and  the  Temporal.  The  Masseter 
is  a  quadrilateral  muscle,  which  imparts  fulness  to  the  hinder  i)art  of  the  cheek.  When  the 
must^le  is  firmly  contracted,  as  when  the  teeth  are  clenched,  its  outline  is  plainlv  visible ; 
the  anterior  border  forms  a  prominent  vertical  ridge,  behind  which  is  a  considerable  fulness, 
especially  marked  at  the  lower  part  of  the  muscle;  this  fulness  is  entireh'  lost  when  the 
mouth  is  opened  and  the  muscle  no  longer  in  a  state  of  contraction.  The  Temporal  muscle 
is  fan-shaped,  and  fills  the  Temporal  fossa,  substituting  for  it  a  somewhat  convex  form, 
the  anterior  part  of  which,  on  account  of  the  absence  of  hair  over  the  temple,  is  more 
marked  than  the  posterior,  and  stands  out  in  strong  relief  when  the  muscle  is  in  a  state  of  con- 
traction. 

MUSCLES  AND  FASOLS  OF  THE  NECK. 

The  muscles  of  the  neck  may  be  arranged  into  groups  corresponding  with  the 
region  in  which  they  are  situated. 


These  groups  are  nine  in  number : 

1.  Superficial  cervical  region. 

2.  Depressors  of  the  Os  Hyoides 

and  Larynx. 

3.  Elevators  of  the  Os  Hyoides 

and  Larynx. 

4.  Muscles  of  the  Tongue. 


9.  Muscles  of  the  Larynx. 


5.  Muscles  of  the  Pharvnx. 

6.  Muscles  of  the  Soft  t^alate. 

7.  Muscles  of  the  Anterior  Ver- 

tebral Region. 

8.  Muscles  of  the  Lateral  Ver- 
tebral Kegion. 


The  muscles  contained  in  each  of  these 
1.  Superficial  Region, 

Platysma  myoides. 
Sterno-cleido-mastoid. 

Infra-hyoid  Region. 

2.  Depressors  of  the  Os  hyoides  and 

Larynx. 

Sterno-hyoid. 
Stern  o-thyroid. 
Thyro-hyoid. 
Omo-hyoid. 

■ 

Supra-hyoid  Region. 

8.  Elevators  of  the  Os  hyoides  and 

Larynx. 

Digastric. 
Stylo-hyoid. 
Mylo-hyoid. 
Genio-hyoid. 


groups  are  the  following : 
Lingual  Region, 

4.  Muscles  of  the  Tongue. 

Genio-hyo-glossus. 

Hyo-glossus. 

Lingualis. 

Stylo-glossus. 

Palato-glossus. 

5.  Muscles  of  the  Pharynx. 

Constrictor  inferior. 
Constrictor  medius. 
Constrictor  superior. 
S  tylo-phary  ngeus. 
Palato-pharyngeus. 

6.  Muscles  of  the  Soft  Palate. 
Levator  palati. 

Tensor  palati. 
Azygos  uvulae. 
Palato-glossus. 
Palato-pharynge  us. 
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7.  Muscles  of  the  Anterior  Vertebral       8.  Muscles  of  the  Lateral  Vertebral 

Region.  Region, 

Rectus  capitis  anticus  major.  Scalenus  anticus. 

Rectus  capitis  anticus  minor.  Scalenus  medius. 

Rectus  lateralis.  Scalenus  posticus. 

Longus  colli.  9.   Muscles  of  the  Larynx. 

Included  in  the  description  of 
the  Larynx. 

1.  Superficial  Cervical  Region. 

Platysma  myoides.  Sterno-cleido-mastoid. 

pissection. — A  block  having  been  placed  at  the  back  of  the  neck,  and  the  face  turned  to 
the  side  opposite  that  to  be  dissected,  so  as  to  place  the  parts  upon  the  stretch,  make  two  trans- 
verse incisions :  one  from  the  chin,  along  the  margin  of  the  lower  jaw,  to  the  mastoid  process, 
and  the  other  along  the  upper  border  of  the  clavicle.  Connect  these  by  an  oblique  incision 
made  in  the  course  of  the  Sterno-mastoid  muscle,  from  the  mastoid  process  to  the  sternum  ;  the 
two  flaps  of  integument  having  been  removed  in  the  direction  shown  in  Fig.  268,  the  superficial 
fascia  will  be  exposed. 

The  Superficial  Cervical  Fascia  is  a  thin,  aponeurotic  lamina  which  is  hardly 
demonstrable  as  a  separate  membrane.  Beneath  it  is  found  the  Platvsma  mvoides 
rauscle. 

The  Platysma  myoides  (Fig.  269)  is  a  broad,  thin  plane  of  muscular  fibres 
placed  immediately  beneath  the  superficial  fascia  on  each  side  of  the  neck.  It 
arises  by  thin,  fibrous  bands  from  the  fascia  covering  the  upper  part  of  the  Pectoral 
and  Deltoid  muscles ;  its  fibres  proceed  obliquely  upward  and  inward  along  the 
side  of  the  neck.  The  anterior  fibres  interlace,  in  front  of  the  jaw,  with  the  fibres 
of  the  muscle  of  the  opposite  side ;  the  posterior  fibres  pass  over  the  lower  jaw,  a 
few  of  them  being  attached  to  the  bone  below  the  external  oblique  line,  the  greater 
number  passing  on  to  be  inserted  into  the  skin  and  subcutaneous  tissue  of  the  lower 
part  of  the  face,  many  of  these  fibres  blending  with  the  muscles  about  the  angle 
and  lower  part  of  the  mouth.  Sometimes  fibres  can  be  traced  to  the  Zygomatic 
muscles  or  to  the  margin  of  the  Orbicularis  palpebrarum.  Beneath  the  rlatysma 
the  external  jugular  vein  may  be  seen  descending  from  the  angle  of  the  jaw  to  the 
clavicle. 

Surgical  Anatomy. — It  is  essential  to  remember  the  direction  of  the  fibres  of  the 
Platysma  in  connection  with  the  operation  of  bleeding  from  the  external  jugular  vein ;  for  if  the 
pttint  of  the  lancet  is  introduced  in  the  direction  of  the  muscular  fibres,  the  orifice  made  will  be 
filled  up  by  the  contraction  of  the  muscle,  and  blood  will  not  flow ;  but  if  the  incision  is  made 
across  the  course  of  the  fibres,  they  will  retract  and  expose  the  orifice  in  the  vein,  and  so  allow 
the  flow  of  blood. 

Relations. — By  its  external  surface ^  with  the  integument,  to  which  it  is  united 
more  closely  below  than  above;  by  its  internal  surface^  with  the  Pectoralis 
major.  Deltoid,  and  Trapezius,  and  with  the  clavicle;  in  the  neck^  with  the 
external  and  anterior  jugular  veins,  the  deep  cervical  fascia,  the  superficial 
branches  of  the  cervical  plexus,  the  Sterno-mastoid,  Sterno-hyoid,  Omo-hyoid, 
and  Digastric  muscles ;  behind  the  Sterno-mastoid  muscle  it  covers  the  Scaleni 
muscles  and  the  nerves  of  the  brachial  plexus ;  on  the  face  it  is  in  relation 
with  the  parotid  gland,  the  facial  artery  and  vein,  and  the  Masseter  and  Buccinator 
muscles. 

Action. — The  Platysma  myoides  produces  a  slight  wrinkling  of  the  surface  of 
the  skin  of  the  neck,  in  an  oblique  direction,  when  the  entire  muscle  is  brought 
into  action.  Its  anterior  portion,  the  thickest  part  of  the  muscle,  depresses  the 
lower  jaw ;  it  also  serves  to  draw  down  the  lower  lip  and  angle  of  the  mouth  on 
each  side,  being  one  of  the  chief  agents  in  the  expression  of  melancholy. 

The  Deep  Cervical  Fascia  (Fig.  275)  is  a  strong,  fibrous  layer  which  invests  the 
muscles  of  the  neck  and  encloses  the  vessels  and  nerves.  It  commences,  as  an 
extremely  thin  layer,  at  the  back  part  of  the  neck,  where  it  is  attached  to  the 
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ligamentum  nuchse  aod  to  the  spinous  process  of  the  seventb  cervical  vertebne. 
and,  passing  forward,  invests  the  Trapezius  muscle ;  from  the  anterior  border  of 


itlhe  level  ol  the  sixth  cervical  vertebra.  ■hDwingthemrniDgemeiii  or 

this  muscle  it  forms  a  layer  which  covers  in  the  posterior  triangle  of  the  neck  ; 
and,  passing  forward  to  the  posterior  border  of  the  Stemo-mastoicI  muscle,  divider 
into  two  layers,  one  of  which  passcB  in  front,  and  the  other  behind,  that  muscle. 
The  layer  which  passes  in  front  of  the  muscle  is  continued  forward  to  the  front  of 
the  neck,  and  hlends  with  the  fascia  of  the  opposite  side,  covering  the  anterior 
triangle.  It  is  joined  on  its  under  surface,  except  for  about  an  inch  below,  by  a 
lamella  derived  from  the  layer  covering  the  posterior  surface  of  the  Slerno-mastiud 
muscle.  Where  these  two  layers  do  not  meet  a  little  space  is  left  between  them,  a? 
they  both  pass  inward  to  the  middle  line  of  the  neck.  This  is  Burna'a  spacr.  and 
contains  a  little  areolar  tissue  and  fat,  imd  occasionally  a  small  lymphatic  gland. 
If  traced  upward,  the  anterior  layer  of  the  cervical  fascia  is  found  to  pass  across 
the  parotid  gland  and  Masseter  muscle,  forming  the  parotid  and  Tnassetcrir  frjiicite. 
and  is  attached  to  the  lower  border  of  the  zygoma,  and,  more  anteriorly,  to  the  lower 
border  of  the  body  of  the  jaw ;  if  traced  downward,  it  is  seen  to  pass  to  the  upjter 
border  of  the  clavicle  and  sternum,  being  pierced  just  above  the  former  bone  by  the 
external  jugular  vein.     In  the  middle  line  of  the  neck  the  fascia  is  connected  to  the 
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symphysis  of  the  inferior  maxilla,  and,  lower  down,  to  the  hyoid  bone,  between 
which  points  it  is  thin  ;  below  the  hyoid  bone  it  becomes  thicker,  and  is  attached 
below  to  the  anterior  margin  of  the  upper  border  of  the  sternum.  The  layer 
of  the  deep  cervical  fascia  which  passes  behind  the  Sterno-mastoid  covers  the 
anterior  surface  of  the  Scalenus  anticus  muscle.  At  the  outer  side  of  the 
carotid  vessels  it  divides  into  two,  one  layer  passing  in  front  of  the  vessels, 
the  other  behind  them.  The  layer  which  passes  in  front  of  the  vessels  again  divides 
into  three  lamellae.  Of  these,  the  anterior  lamella,  except  for  an  inch  below  where 
it  forms  the  posterior  boundary  of  Bums*s  space,  joins  the  layer  of  cervical  fascia 
passing  in  front  of  the  Sterno-mastoid,  and  with  it  passes  to  the  middle  line 
covering  the  anterior  surface  of  the  Depressor  muscles  of  the  hyoid  bone.  The 
portion  of  this  lamella  which  invests  the  Omo-hyoid  is  continued  downward  as  a 
distinct  process,  which  descends  to  be  inserted  into  the  sternum  and  cartilage  of 
the  first  rib,  and  becomes  connected  with  the  Costo-coracoid  membrane.  The 
middle  lamella  passes  behind  the  depressors  of  the  hyoid  bone  and  in  front  of  the 
thyroid  body  to  meet  its  fellow  of  the  opposite  side,  in  front  of  the  trachea.  At 
the  root  of  the  neck  this  middle  lamella  can  be  traced  downward  into  the  thorax 
to  become  continuous  with  the  fibrous  layer  of  the  pericardium.  The  posterior 
lamella  passes  on  the  inner  side  of  the  carotid  vessels,  and  speedily  joins  the  layer 
passing  behind  them,  thus  enclosing  them  in  a  sheath.  The  layer  of  cervical 
fascia  which  passes  behind  the  carotid  vessels,  having  been  joined  by  the  posterior 
of  the  three  lamellae  from  the  layer  of  fascia  passing  in  front  of  the  vessels,  is 
prolonged  inward,  behind  the  pharynx  and  oesophagus,  forming  a  sheath  for  the 
Prevertebral  muscles,  the  prevertebral  fascia.  The  layer  of  the  deep  cervical 
fascia,  which  passes  behind  the  Sterno-mastoid,  gives  off  another  lamella,  which 
passes  downward  and  outward  over  the  brachial  plexus  and  subclavian  vessels,  to 
assist  in  forming  the  axillary  sheath.  The  two  layers  of  the  deep  cervical  fascia, 
where  they  unite  opposite  the  angle  of  the  lower  jaw,  bind  the  Sterno-mastoid 
muscle  to  this  part  of  the  bone.  From  that  portion  of  the  cervical  fascia  which 
is  attached  to  the  angle  of  the  j.aw  a  process  of  extreme  density  is  found  passing 
behind  to  the  inner  side  of  the  parotid  gland,  to  be  attached  to  the  apex  of  the 
styloid  process  of  the  temporal  bone ;  this  is  termed  the  Stylo-maxillary  liga- 
ment. 

The  Sterno-mastoid  or  Stemo-cleido-mastoid  (Fig.  276)  is  a  large,  thick  muscle, 
which  passes  obliquely  across  the  side  of  the  neck,  being  enclosed  between  the  two 
layers  of  the  deep  cervical  fascia.  It  is  thick  and  narrow  at  its  central  part,  but  is 
broader  and  thinner  at  each  extremity.  It  arises,  by  two  heads,  from  the  sternum 
and  clavicle.  The  Btemal portion  is  a  rounded  fasciculus,  tendinous  in  front,  fleshy 
behind,  which  arises  from  the  upper  and  anterior  part  of  the  first  piece  of 
the  sternum,  and  is  directed  upward,  outward,  and  backward.  The  clavicular 
portion  arises  from  the  inner  third  of  the  superior  border  of  the  clavicle,  being 
composed  of  fleshy  and  aponeurotic  fibres  ;  it  is  directed  almost  vertically  upward. 
These  two  portions  are  separated  from  one  another,  at  their  origin,  by  a  triangular 
cellular  interval,  but  become  gradually  blended,  below  the  middle  of  the  neck, 
into  a  thick,  rounded  muscle,  which  is  inserted,  by  a  strong  tendon,  into  the  outer 
surface  of  the  mastoid  process,  from  its  apex  to  its  superior  border,  and  by  a  thin 
aponeurosis  into  the  outer  two-thirds  of  the  superior  curved  line  of  the  occipital 
bone.  The  Sterno-mastoid  varies  much  in  its  extent  of  attachment  to  the  clavicle  : 
in  one  case  the  clavicular  may  be  as  narrow  as  the  sternal  portion ;  in  another, 
as  much  as  three  inches  in  breadth.  When  the  clavicular  origin  is  broad  it  is 
occasionally  subdivided  into  numerous  slips  separated  by  narrow  intervals.  More 
rarely,  the  corresponding  margins  of  the  Sterno-mastoid  and  Trapezius  have  been 
found  in  contact.  In  the  application  of  a  ligature  to  the  third  part  of  the  sub- 
clavian artery  it  will  be  necessary,  where  the  muscles  come  close  together,  to 
divide  a  portion  of  one  or  of  both. 

This  muscle  divides  the  quadrilateral  space  at  the  side  of  the  neck  into  two 
triangles,  an  anterior  and  a  posterior.     The  boundaries  of  the  anterior  triangh 
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are.  in  front,  the  median  line  of  the  neck  ;  above,  the  lower  border  of  the  body  of 
the  jaw,  and  an   imaginary  line  drawn  from  the  angle  of  the  jaw  to  the  mastoid 


of  (he  trUnglea. 

process;  behind,  theanterior  border  of  the  Stemo-mastoid  muscle.  The  boundaries 
of  the /loateriwr  triangle  are,  in  front,  the  posterior  border  of  the  Sterno-mastoid ; 
below,  the  upper  border  of  ibe  clavicle;  behind,  the  anterior  margin  of  the 
Trapezius.' 

Relations. — By  iis  »^tperfirial  surface,  with  the  integument  and  Platysma. 
from  which  it  is  separated  by  the  external  jugular  vein,  the  superficial  branches 
of  the  cervical  plexus,  and  the  anterior  layer  of  the  deep  cervical  fascia.  By  its 
(let-p  surface  it  is  in  relatiun  with  the  Stemo-clavicular  articulation  ;  a  process  of 
the  deep  cervical  fascia;  the  Sterno-hyoid,  Slerno-thyroid,  Omo-hyoid,  posterior 
belly  of  the  Digaatric,  Levator  anguli  scapulae,  Splenius  and  Scaleni  muscles ; 
common  carotid  artery,  internal  jugular  vein,  commencement  of  the  internal  and 
external  carotid  arteries,  the  occipital,  subclavian,  transversalis  colli,  and  supra- 
scapular arteries  and  veins;  the  pneumogastric.  hypoglossal,  desc  en  dens  and 
communicant!  hypoglossi  nerves,  and  the  spinal  accessory  nerve,  which  pierces 
its  upper  third;  the  cervical  plexus,  part  of  the  parotid  gland  and  deep  lymphatic 
glands. 

Nerves. — The  Platysma  myoides  is  supplied  by  the  &cial  and  superficial 
branches  of  the  cervical  plexus ;  the  Sterno-cleido-mastoid,  by  the  spinal  accessory 
and  deep  branches  of  the  cervical  plexus. 

Actions. — AVhen  only  one  Hteino-mastoid  muscle  acts,  it  dexes  the  head  and 
draws  it  toward  the  shoulder  of  the  same  side,  assisted  by  the  Splenius  and  the 
Obliquus  capitis  inferior  of  the  opposite  side.  At  the  same  time  it  rotates  the  head 
so  as  to  carry  the  face  toward  the  opposite  side.  When  both  muscles  are  brought 
will  be  more  exactly  described  with  that  of  the  vessela  of  the 
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into  action  they  serve  to  depress  the  head  upon  the  neck  and  the  neck  upon  the 
chest.     If  the  head  is  fixed,  they  assist  in  elevating  the  thorax  in  forced  inspiration. 

Sur&ce  Porm.— The  anterior  edge  of  the  muscle  forms  a  very  prominent  ridge  beneath 
the  skin,  which  it  is  important  to  notice,  as  it  forms  a  guide  to  the  surgeon  in  making  the  neces- 
8ar>'  incisions  for  ligature  of  the  common  carotid  artery  and  for  oesophagotomy. 

Surgical  Anatomy.— The  relations  of  the  sternal  and  clavicular  parts  of  the  Stemo-mastoid 
should  be  carefully  examined,  as  the  surgeon  is  sometimes  required  to  divide  one  or  both  por- 
tions of  the  muscles  in  wry-neck.  One  variety  of  this  distortion  is  produced  by  spasmodic  con- 
traction or  rigidity  of  the  Stemo-mastoid  ;  the  head  being  carried  down  toward  the  shoulder  of 
the  same  side,  and  the  face  turned  to  the  opposite  side  and  fixed  in  that  position.  When  there 
is  i>ermanent  shortening  subcutaneous  division  of  the  muscle  is  resorted  to.  This  is  performed 
by  introducing  a  tenotomy  knife  beneath  it,  close  to  its  origin,  and  dividing  it  from  behind  for- 
irard  whilst  the  muscle  is  put  well  upon  the  stretch.  There  is  seldom  any  difficulty  in  dividing 
the  sternal  portion,  by  making  a  puncture  on  the  inner  side  of  the  tendon,  and  then  pushing  a 
blunt  tenotome  behind  it,  and  cutting  forward.  In  dividing  the  clavicular  portion  care  must  oe 
taken  to  avoid  wounding  the  external  jugular  vein,  which  runs  parallel  with  the  posterior  border 
of  the  muscle  in  this  situation,  or  the  anterior  jugular  vein,  wnich  crosses  beneath  it.  If  the 
external  jugular  vein  lies  near  the  muscle,  it  is  safer  to  make  the  first  puncture  at  the  outer  side 
of  the  tendon,  and  introduce  a  blunt  tenotome  from  without  inward.  Some  of  the  fibres  of  the 
Stemo-mastoid  muscle  are  occasionally  torn  during  birth,  especially  in  breech  presentations ;  this 
is  accompanied  by  haemorrhage  and  formation  of  a  swelling  within  the  substance  of  the  muscle. 
This  by  some  is  believed  to  be  one  of  the  causes  of  wiy-neck. 

2.  Infrahyoid  Region  (Figs.  276,  277). 
Depressors  of  the  Os  Hyoides  and  Larynx. 

Sterno-hyoid.  Thyro-hyoid. 

Sterno-thyroid.  Omo-hyoid. 

Dissecticn. — ^The  muscles  in  this  region  ma^  be  exposed  by  removing  the  deep  fascia  from 
the  front  of  the  neck.  In  order  to  see  the  entire  extent  of  the  Omo-hyoid  it  is  necessary  to 
divide  the  Stemo-mastoid  at  its  centre,  and  turn  its  ends  aside,  and  to  detach  the  Trapezius 
finom  the  clavicle  and  scapula.  This,  however,  should  not  be  done  until  the  Trapezius  has  been 
dissected. 

The  Sterno-hyoid  is  a  thin,  narrow,  ribbon-like  muscle,  which  arises  from  the 
inner  extremity  of  the  clavicle  and  the  upper  and  posterior  part  of  the  first  piece 
of  the  sternum ;  passing  upward  and  inward,  it  is  inserted,  by  short,  tendinous 
fibres,  into  the  lower  border  of  the  body  of  the  os  hyoides.  This  muscle  is  separated, 
below,  from  its  fellow  by  a  considerable  interval ;  but  they  approach  one  another 
in  the  middle  of  their  course,  and  again  diverge  as  they  ascend.  It  sometimes 
presents,  immediately  above  its  origin,  a  transverse  tendinous  intersection,  like 
those  in  the  Rectus  abdominis. 

Relations. — By  its  superficial  surface^  below^,  with  the  sternum,  the  sternal  end 
of  the  clavicle,  and  the  Sterno-mastoid ;  and  above,  with  the  Platysma  and  deep 
cervical  fascia ;  by  its  deep  surface^  with  the  Sterno-thyroid,  Crico-thyroid,  and 
Thyro-hyoid  muscles,  the  thyroid  gland,  the  superior  thyroid  vessels,  the  thyroid 
cartilage,  the  crico-thyroid  and  thyro-hyoid  membranes. 

The  Sterno-thyroid  is  situated  beneath  the  preceding  muscle,  but  is  shorter  and 
wider  than  it.  It  arises  from  the  posterior  surface  of  the  first  bone  of  the  sternum, 
below  the  origin  of  the  Sterno-hyoid,  and  from  the  edge  of  the  cartilage  of  the 
first  rib,  and  is  inserted  into  the  oblique  line  on  the  side  of  the  ala  of  the  thyroid 
cartilage.  This  muscle  is  in  close  contact  with  its  fellow  at  the  lower  part  of  the 
neck,  and  is  occasionally  traversed  by  a  transverse  or  oblique  tendinous  intersection, 
like  those  in  the  Rectus  abdominis. 

Relations. — By  its  anterior  surface^  with  the  Sterno-hyoid,  Omo-hyoid,  and 
Stemo-mastoid;  by  its  posterior  surface^  from  below  upward,  with  the  trachea, 
vena  innominata,  common  carotid  (and  on  the  right  side  the  arteria  innominata). 
the  thyroid  gland  and  its  vessels,  and  the  lower  part  of  the  larynx.  The  middle 
thyroid  vein  lies  along  its  inner  border,  a  relation  which  it  is  important  to 
remember  in  the  operation  of  tracheotomy. 

The  Thyro-hyoid  is  a  small,  quadrilateral  muscle  appearing  like  a  continuation 
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of  the  Stemo-thyroid.  It  arises  from  the  oblique  line  on  the  side  of  the  thyroid 
cartilage,  and  passes  vertically  upward  to  be  inserted  into  the  lower  border  of  the 
body  and  greater  cornu  of  the  hyoid  bone. 

Relations. — By  ita  external  gurfaee,  with  the  Stemo-hyoid  and  Omo-hyoid 
muscles ;  by  its  internal  surface,  with  the  thyroid  cartilage,  the  thyro-hjoid 
membrane,  and  the  superior  laryngeal  vessels  and  nerve. 

The  Omo-hyoid  passes  across  the  side  of  the  neck,  from  the  scapula  to  the 


^, 


3.  2T7.— HuEcles  of  the  neck.   Anterior  vi 


hyoid  bone.  It  consists  of  two  fleshy  bellies,  united  by  a  central  tendon.  It 
ai'iHC.4  from  the  upper  border  of  the  scapula,  and  occasionally  from  the  transverse 
ligament  which  crosses  (be  suprascapular  notch  ;  its  extent  of  attachment  to  the 
scapula  varying  from  a  few  lines  to  an  inch.  From  this  origin  the  posterior  belly 
fonns  a  flat,  narrow  fasciculus,  which  inclines  forward  and  slightly  upward 
across  the  lower  part  of  the  neck,  behind  the  Sterno-mastoid  muscle,  where  it 
becomes  tendinous;  it  then  changes  its  direction,  forming  an  obtuse  angle,  and 
terminates  in  the  anterior  belly,  which  passes  almost  vertically  upward,  close  to 
the  out«r  border  of  the  Sterno-hyoid,  to  be  inserted  into  the  lower  border  of  the 
body  of  the  OS  hyoidea.  just  external  to  the  insertion  of  the  Sterno-hyoid.  The  central 
tendon  of  this  muscle,  which  varies  much  in  length  and  form,  is  held  in  position 
by  a  process  of  the  deep  cervical  fascia,  which  includes  it  in  a  sheath.  This 
process  is  prolonged  down,  to  be  attached  to  the  cartilage  of  the  first  rib  and  the- 
sterntim.  It  is  by  this  means  that  the  angular  form  of  the  muscle  is  main- 
tained. 

This  muscle  subdivides  each  nf  the  two  large  triangles  at  the  side  of  the  neck 
into  two  smaller  triangles;  the  two  posterior  ones  being  the  posterior  superior  or 
occipital,  and  the  posterior  inferior  or  subclavian  ;  the  two  anterior,  the  anterior 
superior  or  superior  carotid,  and  the  anterior  inferior  or  inferior  carotid  triangle. 

Belat4ona. — By  its  superficial  surface,  with  the  Trapezius,  the  Sterno-mastoid. 
deep  cervical  fascia,  Platysma,  and  integument;  hy  its  deep  surface,  with  the 
Scaleni  muscles,  phrenic  nerve,  lower  cervical  nerves,  which  go  to  form  the  brachial 
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plexus,  the  suprascapular  vessels  and  nerve,  sheath  of  the  common  carotid  artery 
and  internal  jugular  vein,  the  Sterno-thyroid  and  Thyro-hyoid  muscles. 

Nerves. — The  Thyro-hyoid  is  supplied  by  the  hypoglossal ;  the  other  muscles 
of  this  group  by  branches  from  the  loop  of  communication  between  the  descendens 
and  communicans  hypoglossi. 

Actions. — These  muscles  depress  the  larynx  and  hyoid  bone,  after  they  have 
been  drawn  up  with  the  pharynx  in  the  act  of  deglutition.  The  Omo-hyoid 
muscles  not  only  depress  the  hyoid  bone,  but  carry  it  backward  and  to  one  or  the 
other  side.  It  is  concerned  especially  in  the  act  of  sucking,  and  is  also  a  tensor 
of  the  cervical  fascia.  The  Thyro-hyoid  may  act  as  an  elevator  of  the  thyroid 
cartilage  when  the  hyoid  bone  ascends,  drawing  upward  the  thyroid  cartilage, 
behind  the  os  hyoides.*  The  Sterno-thyroid  acts  as  a  depressor  of  the  thyroid 
cartilage. 

3.  Supra-hyoid  Region  (Figs.  276,  277). 

Elevators  op  the  Os  Hyoides — Depresj^ors  of  the  Lower  Jaw. 

Digastric.  Mylo-hyoid. 

Stylo-hyoid.  Genio-hyoid. 

Dissection. — ^To  dissect  these  muscles  a  block  should  be  placed  beneath  the  back  of  the 
neck,  and  the  head  drawn  backward  and  retained  in  that  position.  On  the  removal  of  the  deep 
fiiscia  the  muscles  are  at  once  exposed. 

The  Digastric  consists  of  two  fleshy  bellies  united  by  an  intermediate,  rounded 
tendon.  It  is  a  small  muscle,  situated  below  the  side  of  the  body  of  the  lower 
jaw,  and  extending,  in  a  curved  form,  from  the  side  of  the  head  to  the  symphysis 
i)f  the  jaw.  The  posterior  belly ^  longer  than  the  anterior,  arises  from  the  digastric 
groove  on  the  inner  side  of  the  mastoid  process  of  the  temporal  bone,  and  passes 
downward,  forward,  and  inward.  The  anterior  belly  arises  from  a  depression 
on  the  inner  side  of  the  lower  border  of  the  jaw,  close  to  the  symphysis,  and 
passes  downward  and  backward.  The  two  bellies  terminate  in  the  central 
tendon  which  perforates  the  Stylo-hyoid,  and  is  held  in  connection  with  the  side 
of  the  body  and  the  greater  comu  of  the  hyoid  bone  by  a  fibrous  loop,  lined  by  a 
synovial  membrane.  A  broad  aponeurotic  layer  is  given  off  from  the  tendon  of 
the  Digastric  on  each  side,  which  is  attached  to  the  body  and  great  comu  of  the 
hvoid  bone :  this  is  termed  the  supra-hyoid  aponeurosis.  It  forms  a  strong  layer 
of  fascia  between  the  anterior  portion  of  the  two  muscles,  and  a  firm  investment 
for  the  other  muscles  of  the  supra-hyoid  region  which  lie  deeper. 

The  Digastric  muscle  divides  the  anterior  superior  triangle  of  the  neck  into 
two  smaller  triangles ;  the  upper,  or  submaxillary^  being  bounded,  above,  by  the 
lower  border  of  the  body  of  the  jaw,  and  a  line  drawn  from  its  angle  to  the 
mastoid  process ;  beloAv,  by  the  posterior  belly  of  the  Digastric  and  the  Stylo- 
hyoid muscles ;  in  front,  by  the  middle  line  of  the  neck  and  anterior  belly  of  the 
Digastric,  the  lower  or  superior  carotid  triangle  being  bounded  above  by  the 
posterior  belly  of  the  Digastric,  behind  by  the  Sterno-mastoid,  below  by  the  Omo- 
hyoid. 

Relations. — By  its  superficial  surface^  with  the  Platysma,  Sterno-mastoid,  part 
of  the  Splenius,  Trachelo-mastoid,  and  Stylo-hyoid  muscles,  and  the  parotid  gland. 
By  its  deep  surface^  the  anterior  belly  lies  on  the  Mylo-hyoid ;  the  posterior  belly 
on  the  Stylo-glossus,  Stylo-pharyngeus,  and  Hyo-glossus  muscles,  the  external 
carotid  artery  and  its  lingual  and  facial  branches,  the  internal  carotid  artery, 
internal  jugular  vein,  and  hypoglossal  nerve. 

The  Stylo-hyoid  is  a  small,  slender  muscle,  lying  in  front  of,  and  above,  the 
posterior  belly  of  the  Digastric.  It  arises  from  the  back  and  outer  surface  of  the 
styloid  process,  near  the  base ;  and,  passing  downward  and  forward,  is  inserted 
into  the  body  of  the  hyoid  bone,  just  at  its  junction  with  the  greater  cornu,  and 

*  It  is  this  action  of  the  Thyro-hyoid  muscle  which,  as  Dr.  Buchanan  has  pointed  out,  "  causes  or 
pennitsthe  folding  back  of  the  epiglottis  over  the  upper  orifice  of  the  larynx.''  {Joutm,  of  Anal,  and 
Ph^.  2d  series,  No.  III.  p.  255). 
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immediately  above  the  Omo-hyoid.  This  muscle  is  perforated,  near  its  insertion,  by 
the  tendon  of  the  Digastric. 

Relations. — The  relations  are  the  same  as  those  of  the  posterior  belly  of  the 
Digastric. 

The  Stylo-hyoid  Ligament. — In  connection  with  the  Stylo-hyoid  muscle  may  be 
described  a  ligamentous  band,  the  Stylo-hyoid  ligament.  It  is  a  fibrous  cord,  often 
containing  a  little  cartilage  in  its  centre,  which  continues  the  styloid  process  down 
to  the  hyoid  bone,  being  attached  to  the  tip  of  the  former  and  the  small  cornu  of 
the  latter.     It  is  often  more  or  less  ossified. 

The  Digastric  and  Stylo-hyoid  should  be  removed,  in  order  to  expose  the  next  muscle. 

The  Mylo-hyoid  is  a  flat,  triangular  muscle,  situated  immediately  beneath  the 
anterior  belly  of  the  Digastric,  and  forming,  with  its  fellow  of  the  opposite  side,  a 
muscular  floor  for  the  cavity  of  the  mouth.  It  arises  from  the  whole  length  of 
the  mylo-hyoid  ridge,  extending  from  the  symphysis  in  front  to  the  last  molar 
tooth  behind.  The  posterior  fibres  pass  obliquely  forward,  to  be  inserted  into  the 
bodv  of  the  os  hvoides.  The  middle  and  anterior  fibres  are  inserted  into  a  median 
fibrous  raphe,  extending  from  the  symphysis  of  the  lower  jaw  to  the  hyoid  bone, 
where  they  join  at  an  angle  with  the  fibres  of  the  opposite  muscle.  This  median 
raphe  is  sometimes  wanting ;  the  muscular  fibres  of  the  two  sides  are  then  directly 
continuous  with  one  another. 

Relations. — By  its  cutaneous  surface^  with  the  Platysma,  the  anterior  belly  of 
the  Digastric,  the  supra-hyoid  aponeurosis,  the  submaxillary  gland,  submental 
vessels,  and  mylo-hyoid  vessels  and  nerve ;  by  its  deep  or  superior  surface^  with 
the  Genio-hyoid,  part  of  the  Hyo-glossus,  and  Stylo-glossus,  muscles,  the  hypo- 
glossal and  lingual  nerves,  the  submaxillary  ganglion,  the  sublingual  gland,  the 
deep  portion  of  the  submaxillary  gland  and  Wharton's  duct ;  the  sublingual  and 
ranine  vessels,  and  the  buccal  mucous  membrane. 

Dissection.—The  Mylo-hyoid  should  now  be  removed,  in  order  to  expose  the  muscles  which 
lie  beneath :  this  is  eflected  by  detaching  it  from  its  attachments  to  the  hyoid  bone  and  jaw,  and 
separating  it  by  a  vertical  incision  from  its  fellow  of  the  opposite  side. 

The  Genio-hyoid  is  a  narrow,  slender  muscle,  situated  immediately  beneath  * 
the  inner  border  of  the  preceding.  It  arises  from  the  inferior  genial  tubercle  on 
the  inner  side  of  the  symphysis  of  the  jaw,  and  passes  downward  and  backward, 
to  be  inserted  into  the  anterior  surface  of  the  body  of  the  os  hyoides.  This  muscle 
lies  in  close  contact  with  its  fellow  of  the  opposite  side,  and  increases  slightly  in 
breadth  as  it  descends. 

Relations. — It  is  covered  by  the  Mylo-hyoid,  and  lies  on  the  Genio-hyo- 
glossus. 

Nerves. — The  Digastric  is  supplied :  its  anterior  belly,  by  the  mylo-hyoid  branch 
of  the  inferior  dental ;  its  posterior  belly,  by  the  facial ;  the  Stylo-hyoid,  by  the 
facial ;  the  Mylo-hyoid,  by  the  mylo-hyoid  branch  of  the  inferior  dental ;  the  Genio- 
hyoid, by  the  hypoglossal. 

Actions. — This  group  of  muscles  performs  two  very  important  actions.  They 
raise  the  hyoid  bone,  and  with  it  the  base  of  the  tongue,  during  the  act  of  degluti- 
tion ;  or,  when  the  hyoid  bone  is  fixed  by  its  depressors  and  those  of  the  larynx, 
they  depress  the  lower  jaw.  During  the  first  act  of  deglutition,  when  the  mass 
is  being  driven  from  the  mouth  into  the  pharynx,  the  hyoid  bone,  and  with  it  the 
tongue,  is  carried  upward  and  forward  by  the  anterior  belly  of  the  Digastric,  the 
Mylo-hyoid,  and  Genio-hyoid  muscles.  In  the  second  act,  when  the  ma^s  is  pass- 
ing through  the  pharynx,  the  direct  elevation  of  the  hyoid  bone  takes  place  by 
the  combined  action  of  all  the  muscles ;  and  after  the  food  has  passed  the  hyoid 
bone  is  carried  upward  and  backward  by  the  posterior  belly  of  the  Digastric  and 
Stylo-hyoid  muscles,  which  assist  in  preventing  the  return  of  the  morsel  into  the 
mouth. 

'  This  refers  to  the  depth  of  the  muscles  from  the  skin  in  the  order  of  dissection.  In  the  erect 
position  of  the  body  each  of  these  muscles  lies  above  tlie  preceding. 
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4.  Lin^rnal  Region. 

Genio-byo-glossus.  Stjlo-glossiiB. 

Hyo-gloBSUs.  Pftlato-glosBua. 

Chondro*glosBufl. 

Dinectioii.— After  completing  the  dissection  of  the  preceding  muscles,  saw  through  the 

lower  jaw  just  externa!  to  the  Bymphysia.     Then  draw  the  tongue  forward,  and  attach  it,  by  a 

Milch,  to  the  noae ;  when  its  muscles,  which  are  thu8  put  on  the  stretch,  may  he  esamined 

The  Genio-hyo-glossna  has  received  ita  name  from  its  triple  attachment  to  the 

jaw,  hjoid  bone,  and  tongue,  but  it  would  be  better  named  the   Genio-glosnu, 


Flo.!I8.—«u»cle»  of  the  tongue.    LeB  ilfle. 

since  its  attachment  to  the  hyoid  bone  is  very  slight  or  altogether  absent.  It  is  a 
R&c,  triangular  muscle,  placed  vertically  on  either  side  of  the  middle  line,  its  apex 
corresponding  with  its  point  of  attachment  to  the  lower  jaw,  its  base  with  ita 
iDserCion  into  the  tongue  and  hyoid  bone.  It  arises  by  a  short  tendon  from  the 
superior  genial  tubercle  on  the  inner  aide  of  the  symphysis  of  the  jaw,  immediately 
above  the  Genio-hyoid  ;  from  this  point  the  muscle  spreads  out  in  a  fan-like  form, 
a  few  of  the  inferior  fibres  passing  downward,  to  be  attached  by  a  thin  aponeurosis 
into  the  upper  part  of  the  body  of  the  hyoid  bone ;  the  middle  fibres  passing  back- 
ward, and  the  superior  ones  upward  and  forward,  to  enter  the  whole  length  of  the 
under  surface  of  the  tongue,  from  the  base  to  the  apex.  The  two  muscles  lie  on 
either  side  of  the  median  plane  ;  behind,  they  are  quite  distinct  from  each  other, 
and  are  separated  at  their  insertion  into  the  under  surface  of  the  tongue  by  a  ten- 
dinous raphe,  which  extends  through  the  middle  of  the  organ  ;  in  front,  the  two 
muscles  are  more  or  less  blended  :  distinct  fasciculi  are  to  be  seen  passing  off  from 
one  muscle,  crossing  the  middle  line,  and  intersecting  with  bundles  of  fibres 
derived  from  the  muscle  on  the  other  side  (Fig.  279). 

SelatUnu. — By  its  internal  surface  it  is  in  eonlact  with  its  fellow  of  the  opposite 
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Bide;  by  its  external  surface,  with  the  Inferior  lingualis,  the  Ilyo-glossKs,  the  liD- 

gu&l  artery  and  hypoglossal  nerve,  the  lingual  nerve,  and  sublingual  gland;  by 

its  vpper  border,  with  the  mucous  membrane  of 

—  the  floor  of  the  mouth  (frsenum  linguae);  by  its 

lower  border,  with  the  Genio-hyoid, 

The  Hyo-gloBSUB  is  a  thin,  flat,  quadrilateral 
muscle  which  arises  from  the  side  of  the  body 
and  whole  length  of  the  greater  comu  of  the 
hyoid  bone,  and  passes  almost  vertically  upward 
to  enter  the  side  of  the  tongue,  between  the 
Stylo-glossus  and  Lingualis.  Those  fibres  of 
this  muscle  which  arise  from  the  body  are  direct- 
ed upward  and  backward,  overlapping  those 
arising  from  the  greater  comu,  which  are  direct- 
ed upward  and  forward. 

Belations. — By  its  external  tvrfaee,  with  the 
Digastric,  the  Stylo-hyoid,  Stylo-glossus.  and 
Mylo-hyoid  muscles,  the  submaxillary  ganglion, 
the  lingual  and  hypoglossal  nerves,  Wharton's 
duct,  and  the  deep  portion  of  the  submaxillary 
gland  ;  by  its  deep  surface,  with  the  Stylo-hyoid 
ligament,  the  Genio-hyo-glossus,  Lingualis,  and 
Middle  constrictor,  the  lingual  vessels,  and  the 
glosso-pharyngeal  nerve. 

The  Ohondxo-glossiu  is  a  distinct  muscular 
slip,  about  three-quarters  to  an  inch  in  length, 
which  arises  from  the  inner  side  and  base  of  the 
lesser  cornu  of  the  byoid  bone  and  contiguous 
portion  of  the  body  of  the  bone,  and  passes 
Fio  279-MiisikaorthoiLm)tiie(W)nibe  directly  Upward  to  blend  with  the  intrinsic  mus- 
i«w   <Frv.ni«prepnrattonitnhj  MHstuniiif   cular  fibres  of  the  toncue,  between  the  Hvo- 

Ihe  Royal  CoilBgBofburKvunsofEiiglBinl.)  ,  i  r>       ■     v  T  A  ti     1  ■    '    i- 

gtosaus  and  Genio-hyo-glossua.  A  small  sup  oi 
muscular  fibre  is  occasionally  found,  arising  from  the  cartilago  triticea  in  the 
thyro-hyoid  ligament,  and  passing  upward  and  forward  to  enter  the  tongue  with 
the  hindermost  fibres  of  the  Hyo-glossus, 

The  S^lo-gloBBua,  the  shortest  and  smallest  of  the  three  styloid  muscles,  arises 
from  the  anterior  and  outer  side  of  the  styloid  process,  near  its  apex,  and  from  the 
stylo-maxillary  ligament,  to  which  its  fibres,  in  most  cases,  are  attached  by  a  thin 
aponeurosis.  Passing  downward  and  forward  between  the  internal  and  external 
carotid  arteries,  and  becoming  nearly  horizontal  in  its  direction,  it  divides  upon 
the  side  of  the  tongue  into  two  portions:  one  longitudinal,  which  enters  the  side 
of  the  tongue  near  its  dorsal  surface,  blending  with  the  fibres  of  the  Lingualis  in 
front  of  the  Hyo-glossus;  the  other  oblique,  which  overlaps  the  Hyo-glossua 
muscle  and  decussates  with  its  fibres. 

Belatlons. — By  its  external  surface,  from  above  downward,  with  the  parotid 
gland,  the  Internal  pterygoid  muscle,  the  lingual  nerve,  and  the  mucous  membrane 
of  the  mouth;  by  its  internal  surface,  with  the  tonsil,  the  Superior  constrictor, 
and  the  Hyo-glossus  muscle. 

The  Palato-glossns,  or  OonBtrictor  isthmi  fancium,  although  it  is  one  of  the 
muscles  of  the  tongue,  serving  to  draw  its  base  upward  during  the  act  of  degluti- 
tion, is  more  nearly  associated  with  the  soft  palate,  both  in  its  situation  and  func- 
tion; it  will  cnnsequently  be  described  with  that  group  of  muscles. 

Nwves. — The  Palato-glossus  is  probably  innervated  by  the  spinal  accessory  nerve, 
through  the  pharyngeal  plexus;  the  Inferior  lingualis,  according  to  some  authors, 
by  the  chorda  tympani ;  the  remaining  muscles  of  this  group,  by  the  hypoglossal. 

Muscular  Substance  of  Tongue. — The  muscular  fibres  of  the  tongue  run  in  vari- 
ous directions.     These  fibres  are  divided  into  two  sets — Extrinsic  and  lotriusic. 
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The  extrinsic  muscles  of  the  tongue  are  those  which  have  their  origin  external, 
and  onh'  their  terminal  fibres  contained  in  the  substance  of  the  organ.  They  are : 
the  Stylo-glosaua,  the  Hyo-glossus,  the  Palato-glossus,  the  Genio-byo-glossua,  and 
part  of  the  Superior  constrictor  of  the  pharynx  (Pharyngeo-glossus).  The  intrinsic 
are  those  which  are  contained  entirely  within  the  tongue,  and  form  the  greater 
part  of  its  muscular  structure. 

The  tongue  consists  of  symmetrical  halves  separated  from  each  other  in  the 
middle  line  by  a  fibrous  septum.  Each  half  is  composed  of  muscular  fibres 
arranged  in  various  directions,  containing  much  interposed  fat  and  supplied  by 
vesseS  and  nerves. 

To  demonstrate  the  various  fibres  of  the  tongue,  the  organ  should  be  sub- 
jected to  prolonged  boiling,  in  order  to  soften  the  connective  tissue ;  the  dis- 
section  may   then  be  commenced   from   the   dorsum  (Fig.   280).     Immediately 
beneath  the   mucous  membrane   is  a  submucous,  fibrous  layer,  into  which  the 
muscular  fibres  which   terminate   on  the   surface   of   the  tongue  are   inserted. 
Upon  removing  this,  with  the  mucous  mem- 
brane, the  first  stratum  of  muscular  fibres  is 
exposed.     This  belongs  tfl  the  group  of  intrin- 
sic muscles,  and  has  been  named  the  Superior 
lingualU.      It   consists   of    a   thin   layer   of 


au  edge  of  Supei-^eioJ  ii«BualU.  Ungualii.pulthroagh:  c.flbresof  Hyo-glbsitus;  d.ohliqueflbrfa 

Flc.  ISO.— UuECles  on  tbe  donam  of  the  Hot  ImimaUE :  jr.  papllle  (o  longue  :  A.  verlical  fibres  of  Ueiilo- 

tontoe.  byo-gloEBUs  Intereecllng  Trauavaiie  Ungualls :  i,  septum. 

oblique  and  longitudinal  fibres  which  arise  from  the  submucous  fibrous  layer,  close 
to  the  Epiglottis,  and  from  the  fibrous  septum,  and  pass  forward  and  outward  to 
ibe  edges  of  the  tongue.  Between  its  fibres  pass  some  vertical  fibres  derived  from 
the  Genio-hyo-glossus  and  from  the  vertical  intrinsic  muscle,  which  will  be  described 
later  on.  Beneath  this  layer  is  the  second  stratum  of  muscular  fibres,  derived  prin- 
cipally from  the  extrinsic  muscles.  In  front  it  is  formed  by  the  fibres  derived  from 
the  Stvlo-glossus,  running  along  the  side  of  the  tongue,  and  sending  one  set  of  fibres 
over  the  dorsum  which  runs  obliquely  forward  and  inward  to  the  middle  line,  and 
another  set  of  fibres,  seen  at  a  later  period  of  the  dissection,  on  to  the  under  surface 
of  the  sides  of  the  anterior  part  of  the  tongue,  which  run  forward  and  inward, 
between  the  fibres  of  the  Hyo-glossus,  to  the  middle  line.  Behind  this  layer  of 
fibres,  derived  from  tbe  Stylo-glossus,  are  fibres  derived  from  the  Hyo-glossus, 
assisted  by  some  few  fibres  of  the  Palato-glossus.  The  Hyo-glossus,  entering  the 
side  of  the  under  surface  of  the  tongue,  between  the  Stylo-glossus  and  Inferior  lin- 
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gualis,  passes  round  its  margin  and  spreads  out  into  a  layer  on  the  dorsum,  which 
occupies  the  middle  third  of  the  organ,  and  runs  almost  transversely  inward  to  the 
septum.  It  is  reinforced  by  some  fibres  from  the  Palato-glossus ;  other  fibres  of  this 
muscle  pass  more  deeply  and  intermingle  with  the  next  layer.  The  posterior  part 
of  the  second  layer  of  the  muscular  fibres  of  the  tongue  is  derived  from  those 
fibres  of  the  Hyo-glossus  which  arise  from  the  lesser  cornu  of  the  hyoid  bone,  and 
are  here  described  as  a  separate  muscle — the  Chondro-glossus.  The  fibres  of  this 
muscle  are  arranged  in  a  fan-shaped  manner,  and  spread  out  over  the  posterior 
third  of  the  tongue.  Beneath  this  layer  is  the  great  mass  of  the  intrinsic  muscles 
of  the  tongue,  intersected  at  right  angles  by  the  terminal  fibres  of  one  of  the 
extrinsic  muscles — the  Genio-hyo-glossus.  This  portion  of  the  tongue  is  paler 
in  color  and  softer  in  texture  than  that  already  described,  and  is  sometimes 
designated  the  medullary  portion  in  contradistinction  to  the  firmer  superficial  part, 
which  is  termed  the  cortical  portion.  It  consists  largely  of  transverse  fibres,  the 
Transverse  Ungualis,  and  of  vertical  fibres,  the  Vertical  lingualis.  The  Transverse 
lingualis  forms  the  largest  portion  of  the  third  layer  of  muscular  fibres  of  the 
tongue.  The  fibres  arise  from  the  median  septum,  and  pass  outward  to  be  inserted 
into  the  submucous  fibrous  layer  at  the  sides  of  the  tongue.  Intermingled  with 
these  transverse  intrinsic  fibres  are  transverse  extrinsic  fibres  derived  from  the 
Palato-glossus  and  the  Superior  constrictor  of  the  pharynx.  These  transverse 
extrinsic  fibres,  however,  run  in  the  opposite  direction,  passing  inward,  toward 
the  septum.  Intersecting  the  transverse  fibres  are  a  large  number  of  vertical  fibres 
derived  partly  from  the  Genio-hyo-glossus  and  partly  from  vertical  intrinsic  fibres, 
the  Vertical  lingualis.  The  fibres  derived  from  the  Genio-hyo-glossus  enter  the 
under  surface  of  the  tongue  on  each  side  of  the  median  septum  from  base  to  apex. 
They  ascend  in  a  radiating  manner  to  the  dorsum,  being  inserted  into  the  sub- 
mucous fibrous  layer  covering  the  tongue  on  each  side  of  the  middle  line.  The 
Vertical  lingualis  is  found  only  at  the  borders  of  the  fore  part  of  the  tongue, 
external  to  the  fibres  of  the  Genio-hyo-glossus.  Its  fibres  extend  from  the  upper 
to  the  under  surface  of  the  tongue,  decussating  with  the  fibres  of  the  other  muscles, 
and  especially  with  the  Transverse  lingualis.  The  fourth  layer  of  muscular  fibres 
of  the  tongue  consists  partly  of  extrinsic  fibres  derived  from  the  Stylo-glossus,  and 
partly  of  intrinsic  fibres,  the  Inferior  lingualis.  At  the  sides  of  the  under  surface  of 
the  tongue  are  some  fibres  derived  from  the  Stylo-glossus,  which,  as  it  runs  forward 
at  the  side  of  the  tongue,  gives  off  fibres  which,  passing  forward  and  inward  between 
the  fibres  of  the  Hyo-glossus,  form  an  inferior  oblique  stratum  which  joins  in  front 
with  the  anterior  fibres  of  the  Inferior  lingualis.  The  Inferior  lingualis  is  a  longi- 
tudinal band,  situated  on  the  under  surface  of  the  tongue,  lying  in  the  interval 
between  the  Stylo-glossus,  in  front  of  the  Hyo-glossus,  and  the  Genio-hyo-glossus, 
and  extending  from  the  base  to  the  apex  of  the  organ.  Posteriorly,  some  of  the 
fibres  are  lost  in  the  base  of  the  tongue,  and  others  are  occasionally  attached  to 
the  hyoid  bone.  It  blends  with  the  fibres  of  the  Hyo-glossus,  and  is  continued 
forward  as  far  as  the  apex  of  the  tongue.  It  is  in  relation  by  its  under  surface 
with  the  ranine  artery. 

Surgical  Anatomy. — ^The  fibrous  septum  which  exista  between  the  two  halves  of  the 
tongue  is  very  complete,  so  that  the  anastomosis  between  the  two  lingual  arteries  is  not  very 
free,  a  fiict  often  illustrated  by  injecting  one-half  of  the  tongue  with  colored  size,  while  the  other 
halt*  is  left  uninjected  or  is  injected  with  size  of  a  different  color. 

This  is  a  point  of  considerable  importance  in  connection  with  removal  of  one-half  of  the 
tongue  for  cancer,  an  operation  which  is  now  frequently  resorted  to  when  the  disease  is  strictly 
confined  to  one  side  of  the  tongue.  If  the  mucous  mcmbmne  is  divided  longitudinallv  exactly 
in  the  middle  line,  the  tongue  can  be  split  into  halves  along  the  median  raphe  without  any 
appreciable  haemorrhage,  and  the  diseased  half  can  then  be  removed. 

Actions. — The  movements  of  the  tongue,  although  numerous  and  complicated, 
may  be  understood  by  carefully  considering  the  direction  of  the  fibres  of  its 
muscles.  The  G-enio-hyo-glossi  muscles,  by  means  of  their  posterior  fibres,  draw 
the  base  of  the  tongue  forward,  so  as  to  protrude  the  apex  from  the  mouth.  The 
anterior  fibres  draw  the  tongue  back  into  the  mouth.     The  whole  length  of  these 
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tvro muscles,  acting  along  the  middle  line  of  the  tongue,  draw  it  downnard,  so  as  to 
make  it  concave  from  side  to  side,  formiDg  a  channel  along  which  fluids  may  pass 
toward  the  pharynx,  as  in  sucking.  The  Ilt/o-fflossi  muscles  depress  tbe  tongue 
Bod  draw  down  its  sides,  so  as  to  render  it  convex  from  aide  to  side.  The  StyJo- 
fflotgi  muscles  draw  the  tongue  upward  and  backward.  The  Palato-ghssi  muscles 
draw  the  base  of  the  tongue  upward.  With  regard  to  the  intrinsic  muscles,  both 
the  Superior  and  Inferior  linguales  tend  to  shorten  the  tongue,  but  the  former,  in 
addition,  turn  the  tip  and  sides  upward  so  as  to  render  the  dorsum  concave,  while 
the  latter  pull  the  tip  downward  and  cause  the  dorsum  to  become  convex.  The 
Transverse  lingualis  narrows  and  elongates  the  tongue,  and  the  Vertical  lingualis 
flattens  and  broadens  it.  The  complex  arrangement  of  the  muscular  fibres  of 
tbe  tongue,  and  the  various  directions  in  which  they  run,  give  to  this  organ  the 
power  of  a.ssuming  the  various  forms  necessary  for  the  enunciation  of  the  different 
consonantal  sounds;  and  Dr.  Macalister  States  that  "  there  is  reason  to  believe 
that  the  musculature  of  the  tongue  varies  in  different  races  owing  to  the  hereditary 
practice  and  habitual  use  of  certain  motions  required  for  enunciating  the  several 
vernacular  languages." 

5.  Pharyngeal  Region. 
Inferior  constrictor. 


Middle  constrictor. 

Palato-pharyngeus. 
Salpingo-pharyngeus. 

DiSMCtioil  (Fig.  282].— Tn  order  to 
trachea  and  (esophafnia  just  above  the  stemuu 
treolar  tissue  connecting  the  pharyni  with  the 
Trunt  of  the  vertebral  column.  The  parts 
being  drawn  well  forward,  apply  the  edge  of 
the  saw  immediately  bchina  the  etvlold  pro- 
reuses,  and  saw  the  base  of  the  skull  through 
from  below  upward.  The  pharyni  and  mouth 
should  then  he  stuffed  with  tow,  in  order  to 
d«ten<i  its  cavit^v  and  render  the  muscles  tense 
and  easier  of  die 


Superior  constrictor. 
Stylo-pharyngeus, 

(See  next  section.) 

the  muscles  of  the  pharynx,  cut  through  the 
and  draw  them  upward  by  dividing  the  loose 


The  Inferior  constrictor,  the  most 
SQperficial  and  thickest  of  the  three 
constrictors,  arises  from  the  sides  of  the 
cricoid  and  thyroid  cartilages.  To  the 
cricoid  cartilage  it  is  attached  in  the 
interval  between  the  Crico-thyroid  mus- 
cle in  front  and  the  articular  facet  for 
the  thvroid  cartilage  behind.  To  the 
thyroid  cartilage  it  is  attached  to  the 
obliqueline  on  the  side  of  tl  e  great  ala, 
thecarlilaginous  surface  behind  it,  near- 
Iv  as  far  as  its  posterior  border,  and  to 
ihe  inferior  cornu.  From  these  attach- 
meDts  the  fibres  spread  backward  and 
inward,  to  be  inserted  into  the  fibrous 
rsphe  in  the  posterior  median  line  of 
ihe  pharynx.  The  inferior  fibres  are 
horizonial.  and  continuous  with  the 
fibres  of  the  oesophagus ;  the  rest  as- 
cend, increasing  in  obliquity,  and  over- 
Ujj  the  Middle  constrictor.  The  supe- 
rior laryngeal  nerve  and  artery  pass 
near  the  upper  border,  and  Ihe  inferior. 


J.  282.— Muiolesoftheptiaryni.   Eili'tnal  view. 


r  recurrent  laryngeal,  beneath  the  lower 


border  of  this  muscle,  previous  to  their  entering  the  larynx. 

Ealations. — It  is  covered  by  a  dense  cellular  membrane  which  surrounds  the 
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entire  pharynx.  Behind^  it  is  in  relation  with  the  vertebral  column  and  the 
Longus  colli  muscle ;  laterally^  with  the  thyroid  gland,  the  common  carotid  artery, 
and  the  Sterno-thyroid  muscle ;  by  its  internal  surface^  with  the  Middle  constrictor, 
the  Stylo-pharyngeus,  Palato-pharyngeus,  the  fibrous  coat  and  mucous  membrane 
of  the  pharynx. 

The  Middle  constrictor  is  a  flattened,  fan-shaped  muscle,  smaller  than  the  pre- 
ceding. It  arises  from  the  whole  length  of  the  upper  surface  of  the  greater  cornu 
of  the  hyoid  bone,  from  the  lesser  cornu,  and  from  the  stylo-hyoid  ligament.  The 
fibres  diverge  from  their  origin,  the  lower  ones  descending  beneath  the  Infe- 
rior constrictor,  the  middle  fibres  passing  transversely,  and  the  upper  fibres 
ascending  and  overlapping  the  Superior  constrictor.  The  muscle  is  inserted  into 
the  posterior  median  fibrous  raphe,  blending  in  the  middle  line  with  the  one  of  the 
opposite  side. 

Relations. — This  muscle  is  separated  from  the  Superior  constrictor  by  the 
glosso-pharyngeal  nerve  and  the  Stylo-pharyngeus  muscle,  and  from  the  Inferior 
constrictor  by  the  superior  laryngeal  nerve.  Behind^  it  lies  on  the  vertebral 
column,  the  Longus  colli,  and  the  Rectus  capitis  anticus  major.  On  each  side  it 
is  in  relation  with  the  carotid  vessels,  the  pharyngeal  plexus,  and  some  lymphatic 
glands.  Near  its  origin  it  is  covered  by  the  Hyo-glossus,  from  which  it  is  separated 
by  the  lingual  vessels.  It  lies  upon  the  Superior  constrictor,  the  Stylo-pharyngeus, 
the  Palato-pharyngeus,  the  fibrous  coat,  and  the  mucous  membrane  of  the 
pharynx. 

The  Superior  Oonstrictor  is  a  quadrilateral  muscle,  thinner  and  paler  than  the 
other  constrictors,  and  situated  at  the  upper  part  of  the  pharynx.  It  arises  from 
the  lower  third  of  the  posterior  margin  of  the  internal  pterygoid  plate  and  its 
hamular  process,  from  the  contiguous  portion  of  the  palate  bone  and  the  reflected 
tendon  of  the  Tensor  palati  muscle,  from  the  ptery go-maxillary  ligament,  from  the 
alveolar  process  above  the  posterior  extremity  of  the  mylo-hyoid  ridge,  and  by  a 
few  fibres  from  the  side  of  the  tongue.  From  these  points  the  fibres  curve  back- 
ward, to  be  inserted  into  the  median  raphe,  being  also  prolonged  by  means  of  a 
fibrous  aponeurosis  to  the  pharyngeal  spine  on  the  basilar  process  of  the  occipital 
bone.  The  superior  fibres  arch  beneath  the  Levator  palati  and  the  Eustachian 
tube,  the  interval  between  the  upper  border  of  the  muscle  and  the  basilar  process 
being  deficient  in  muscular  fibres  and  closed  by  fibrous  membrane.  This  interval 
is  known  as  the  BinuB  of  Morgagni, 

Relations. — By  its  outer  surf ace^  with  the  vertebral  column,  the  internal  carotid 
artery,  the  internal  jugular  vein,  the  glosso-pharyngeal,  pneumogastric,  spinal 
accessory,  hypoglossal,  and  sympathetic  nerves,  the  Middle  constrictor,  which 
overlaps  it,  and  the  Stylo-pharyngeus ;  by  its  internal  surface^  with  the  Palato- 
pharyngeus,  the  tonsil,  the  fibrous  coat  and  mucous  membrane  of  the  pharynx. 

The  Stylo-pharsmgeus  is  a  long,  slender  muscle,  round  above,  broad  and  thin 
below.  It  arises  from  the  inner  side  of  the  base  of  the  styloid  process,  passes 
downward  along  the  side  of  the  pharynx  between  the  Superior  and  Middle 
constrictors,  and  spreads  out  beneath  the  mucous  membrane,  where  some  of  its 
fibres  are  lost  in  the  Constrictor  muscles ;  and  others,  joining  with  the  Palato- 
pharyngeus,  are  inserted  into  the  posterior  border  of  the  thyroid  cartilage.  The 
glosso-pharyngeal  nerve  runs  on  the  outer  side  of  this  muscle,  and  crosses  over  it 
in  passing  forward  to  the  tongue. 

Relations. — Externally^  with  the  Stylo-glossus  muscle,  the  parotid  gland,  the 
external  carotid  artery,  and  the  Middle  constrictor ;  internally^  with  the  internal 
carotid,  the  internal  jugular  vein,  the  Superior  constrictor,  Palato-pharyngeus,  and 
mucous  membrane. 

Nerves. — The  Constrictors  are  supplied  by  branches  from  the  pharyngeal 
plexus,  the  Stylo-pharyngeus  by  the  glosso-pharyngeal  nerve,  and  the  Inferior 
constrictor  by  an  additional  branch  from  the  external  laryngeal  nerve  and  by  the 
recurrent  laryngeal. 

Actions. — When  deglutition  is  about  to  be  performed,  the  pharynx  is  drawn 
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apward  and  dilated  in  different  directions,  to  receive  the  morsel  propelled  Into  it 
from  the  mouth.  The  Stylo-pharyngei,  which  are  much  farther  removed  from 
one  another  at  their  origin  than  at  their  insertion,  draw  the  sides  of  the  pharynx 
npward  and  outward,  and  so  increase  its  transverse  diameter,  its  breadth  in  the 
■niero-poaterior  direction  being  increased  by  the  larynx  sod  tongue  being  carried 
forward  in  their  ascent.  As  soon  as  the  morsel  is  received  in  the  pharynx,  the 
Elevator  muscles  relax,  the  ba?  descends,  and  the  Constrictors  contract  upon 
the  morsel,  and  convey  it  grauually  downward  into  the  (esophagus.  Besides 
its  action  in  deglutition,  the  pharynx  also  exerts  an  important  influence  in  the 
modulation  of  the  voice,  especially  in  the  production  of  the  higher  tones. 

6.  Palatal  Region. 

Levator  palali.  Palato-glossus. 

Tensor  palati,  Palato-pharyngeus. 

Azygos  uvulae.  Salpingo-pharyngeus. 

DisBectios  (Fig.  283). — Lay  open  the  phairnx  Irom  behind  by  a  vertical  incision  extending 
from  iia  upper  to  ite  lower  part,  and  partially  divide  the  occipital  attachment  by  a  transverse 
iorigton  on  each  side  of  the  vertical  one  ;  the  posterior  surface  of  the  soil  palate  is  then  exposed. 
Having  fixed  the  uvula  so  as  t«  make  it  tense,  the  mucous  membrane  and  glands  should  be  care- 
yi;r  removed  from  the  posterior  surface  of  the  soft  palate,  and  the  muscles  of  this  part  are  at 
ODce  exposed. 

The  Levator  paiati  is  a  long,  thick,  rounded  muscle,  placed  on  the  outer  side 


FiQ.  2S3.— Muscles  or  tbe  soft  palal«,(he  pharynx  belns  laid  opea  trom  behind. 

of  the  posterior  nares.  It  arises  from  the  under  surface  of  the  apex  of  the  petrous 
portion  of  the  temporal  bone,  and  from  the  adjfiining  cartilaginous  portion  of  the 
Eustachian  tube ;  after  passing  into  the  pharynx,  above  the  upper  concave  margin 
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of  the  Superior  constrictor,  it  passes  obliquely  downward  and  inward,  its  fibrw 
spreading  out  in  the  soft  palate  as  far  as  the  middle  line,  where  they  blend  with 
those  of  the  opposite  side. 

Relations. — Externally ^  with  the  Tensor  palati  and  Superior  constrictor; 
internally^  with  the  mucous  membrane  of  the  pharynx;  posteriorly^  with  the 
posterior  fasciculus  of  the  Palato-pharyngeus,  the  Azygos  uvulae,  and  the  mucous 
lining  of  the  soft  palate. 

The  Oircmnflexus  or  Tensor  palati  is  a  broad,  thin,  ribbon-like  muscle,  placed 
on  the  outer  side  of  the  Levator  palati,  and  consisting  of  a  vertical  and  a  horizontal 
portion.  The  vertical  portion  arises  by  a  broad,  thin,  and  flat  lamella  from  the 
scaphoid  fossa  at  the  base  of  the  internal  pterygoid  plate  ;  from  the  spine  of  the 
sphenoid ;  the  vaginal  process  of  the  temporal  bone  and  the  anterior  aspect  of 
the  cartilaginous  portion  of  the  Eustachian  tube  :  descending  vertically  between 
the  internal  pterygoid  plate  and  the  inner  surface  of  the  Internal  pterygoid 
muscle,  it  terminates  in  a  tendon,  which  winds  round  the  hamular  process,  being 
retained  in  this  situation  by  some  of  the  fibres  of  origin  of  the  Internal  pterygoid 
muscle,  and  lubricated  by  a  bursa.  The  tendon  or  horizontal  portion  then  passes 
horizontally  inward,  and  is  inserted  into  a  broad  aponeurosis,  the  palatine 
aponeurosis^  and  into  the  transverse  ridge  on  the  horizontal  portion  of  the  palate 
bone. 

Belations. — Externally^  with  the  Internal  pterygoid;  internally^  with  the 
Levator  palati,  from  which  it  is  separated  by  the  Superior  constrictor,  and  with 
the  internal  pterygoid  plate.  In  the  soft  palate  its  tendon  and  the  palatine 
aponeurosis  is  anterior  to  that  of  the  Levator  palati,  being  covered  by  the  Palato- 
glossus and  the  mucous  membrane. 

Palatine  Aponeurosis. — Attached  to  the  posterior  border  of  the  hard  palate  is 
a  thin,  firm,  fibrous  lamella  which  supports  the  muscles  and  gives  strength  to  the 
soft  palate.  It  is  thicker  above  than  below,  where  it  becomes  very  thin  and 
difficult  to  define.     Laterally,  it  is  continuous  with  the  pharyngeal  aponeurosis. 

The  Azygos  uvula  is  not  a  single  muscle,  as  would  be  inferred  from  its  name, 
but  a  pair  of  narrow  cylindrical  fleshy  fasciculi  placed  side  by  side  in  the  median 
line  of  the  soft  palate.  Each  muscle  arises  from  the  posterior  nasal  spine  of  the 
palate  bone  and  from  the  contiguous  tendinous  aponeurosis  of  the  soft  palate,  and 
descends  to  be  inserted  into  the  uvula. 

Belations. — Anteriorly^  with  the  tendinous  expansion  of  the  Levatores  palati ; 
behind,  with  the  posterior  fasciculus  of  the  Palato-pharyngeus  and  the  mucous 
membrane. 

The  two  next  muscles  are  exposed  by  removing  the  mucous  membrane  from  the  pillars  of 
the  soil  palate  throughout  nearly  tneir  whole  extent 

The  Palato-glossus  (Oonstrictor  isthmi  fauciom)  is  a  small  fleshy  fasciculus, 
narrower  in  the  middle  than  at  either  extremity,  forming,  with  the  mucous 
membrane  covering  its  surface,  the  anterior  pillar  of  the  soft  palate.  It  arises 
from  the  anterior  surface  of  the  soft  palate  on  each  side  of  the  uvula,  and,  passing 
downward,  forward,  and  outward  in  front  of  the  tonsil,  is  inserted  into  the  side 
of  the  tongue,  some  of  its  fibres  spreading  over  the  dorsum,  and  others  passing 
deeply  into  the  substance  of  the  organ  to  intermingle  with  the  Transversus  linguae. 
In  the  soft  palate  the  fibres  of  this  muscle  are  continuous  with  those  of  the  muscle 
of  the  opposite  side. 

The  Palato-pharsmgeus  is  a  long,  fleshy  fasciculus,  narrower  in  the  middle  than 
at  either  extremity,  forming,  with  the  mucous  membrane  covering  its  surface,  the 
posterior  pillar  of  the  soft  palate.  It  is  separated  from  the  Palato-glossus  by  an 
angular  interval,  in  which  the  tonsil  is  lodged.  It  arises  from  the  soft  palate  bv 
an  expanded  fasciculus,  which  is  divided  into  two  parts  by  the  Levator  palati  and 
Azygos  uvulae.  The  posterior  fasciculus  lies  in  contact  with  the  mucous  membrane, 
and  also  joins  with  the  corresponding  muscle  in  the  middle  line;  the  anterior 
fasciculus,  the  thicker,  lies  in  the  soft  palate  between  the  Levator  and  Tensor,  and 
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joins  in  the  middle  line  the  corresponding  part  of  the  opposite  muscle.  Passing 
outward  and  downward  behind  the  tonsil,  the  Palato-pharyngeus  joins  the  Stylo- 
pharyngeus,  and  is  inserted  with  that  muscle  into  the  posterior  border  of  the 
thyroid  cartilage,  some  of  its  fibres  being  lost  on  the  side  of  the  pharynx,  and 
others  passing  across  the  middle  line  posteriorly  to  decussate  with  the  muscle  of 
the  opposite  side. 

Tlie  Salpingo-pharsmgeus. — This  muscle  arises  from  the  inferior  part  of  the 
Eustachian  tube  near  its  orifice ;  it  passes  downward  and  blends  with  the  posterior 
fasciculus  of  the  Palato-pharyngeus. 

Relations. — In  the  soft  palate  its  posterior  surface  is  covered  by  mucous 
membrane,  from  which  it  is  separated  by  a  layer  of  palatine  glands.  By  its 
anterior  surface  it  is  in  relation  with  the  Tensor  palati.  Where  it  forms  the 
posterior  pillar  of  the  fauces  it  is  covered  by  mucous  membrane,  excepting  on  its 
outer  surface.  In  the  pharynx  it  lies  between  the  mucous  membrane  and  the 
Constrictor  muscles. 

In  a  dissection  of  the  soft  palate  from  its  posterior  or  nasal  surface  to  its  anterior 
or  oral  surface,  the  muscles  would  be  exposed  in  the  following  order:  viz.  the 
posterior  fasciculus  of  the  Palato-pharyngeus,  covered  over  by  the  mucous  membrane 
reflected  from  the  floor  of  the  nasal  fossae ;  the  Azygos  uvulae ;  the  Levator  palati ; 
the  anterior  fasciculus  of  the  Palato-pharyngeus ;  the  aponeurosis  of  the  Tensor 
palati,  and  the  Palato-glossus  covered  over  by  a  reflection  from  the  oral  mucous 
membrane. 

Nerves. — The  Tensor  palati  is  supplied  by  a  branch  from  the  otic  ganglion ; 
the  remaining  muscles  of  this  group  are  in  all  probability  supplied  by  the  internal 
branch  of  the  spinal  accessory,  whose  fibres  are  distributed  along  with  certain 
branches  of  the  pneumogastric  through  the  pharyngeal  plexus.^ 

Actions. — During  the  first  stage  of  deglutition  the  morsel  of  food  is  driven  back 
into  the  fauces  by  the  pressure  of  the  tongue  against  the  hard  palate,  the  base  of 
the  tongue  being,  at  the  same  time,  retracted,  and  the  larynx  raised  wnth  the 
pharynx,  and  carried  forward  under  it.  During  the  second  stage  the  epiglottis  is 
pressed  over  the  superior  aperture  of  the  larynx,  and  the  morsel  glides  past  it ; 
then  the  Palato-glossi  muscles,  the  constrictors  of  the  fauces,  contract  behind  the 
food  ;  the  soft  palate  is  slightly  raised  by  the  Levator  palati,  and  made  tense  by 
the  Tensor  palati ;  and  the  Palato-pharyngei,  by  their  contraction,  pull  the  pharynx 
upward  over  the  morsel  of  food,  and  at  the  same  time  come  nearly  together,  the 
uvula  filling  up  the  slight  interval  between  them.  By  these  means  the  food  is 
prevented  passing  into  the  upper  part  of  the  pharynx  or  the  posterior  nares ;  at 
the  same  time  the  latter  muscles  form  an  inclined  plane,  directed  obliquely  down- 
ward and  backward,  along  the  under  surface  of  which  the  morsel  descends  into 
the  lower  part  of  the  pharynx.  The  Salpingo-pharyngeus  raises  the  upper  and 
lateral  part  of  the  pharynx — L  e,  that  part  which  is  above  the  point  where  the 
Stylo-pharyngeus  is  attached  to  the  pharynx. 

Surgical  Anatomy. — ^The  muscles  of  the  soft  palate  should  be  carefully  dissected,  the  rela- 
tions they  bear  to  the  surrounding  parts  especially  examined,  and  their  action  attentively  studied 
upon  the  dead  subject,  as  the  surgeon  is  required  to  divide  one  or  more  of  these  muscles  in  the 
operation  of  staphylorraphy.  Sir  W.  Fergusson  was  the  first  to  show  that  in  the  congenital 
deficiency  called  cleft  palate  the  edges  of  the  fissure  are  forcibly  separated  by  the  action  of  the 
Levatores  palati  and  ralato-pharyngei  muscles,  producing  very  considerable  impediment  to  the 
healing  process  after  the  performance  of  the  operation  for  uniting  their  margins  by  adhesion  ;  he, 
consequently,  recommended  the  division  of  these  muscles  as  one  of  the  most  important  steps  in 
the  operation.  This  he  effected  by  an  incision  made  with  a  curved  knife  introduced  behind  the 
soft  palate.  The  incision  is  to  be  halfway  between  the  hamular  process  and  Eustachian  tube, 
and  perpendicular  to  a  line  drawn  between  them.  This  incision  perfectly  accomplishes  the 
division  of  the  Levator  palati.  The  Palato-pharyngeus  may  be  divided  by  cutting  across  the 
posterior  pillar  of  the  soft  palate,  just  below  the  tonsil,  with  a  pair  of  blunt-pointed  curved 
scissors ;  and  the  anterior  pillar  may  be  divided  also.  To  divide  the  Levator  palati  the  plan 
recommended  by  Mr.  Pollock  is  to  be  greatly  preferred.  The  soft  palate  being  put  upon  the 
stretch,  a  double-edged  knife  is  passed  through  it  just  on  the  inner  side  of  the  hamular  process 

^  Journal  of  Anatomy  and  Physiologyy  vol.  xxiii.  p.  523. 
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and  above  the  line  of  the  Levator  palati.  The  handle  being  Don  alternately  raised  and 
depressed,  a  sweepinji:  cut  is  made  alon^  the  posterior  surface  of  the  soil  palate,  and  the  knife 
withdrawn,  leaving  only  a  sraall  opening  in  the  mucous  membrane  on  the  anterior  surface.  If 
thia  operation  is  performed  on  the  dead  body  and  the  parts  atierward  dissected,  the  Levator 
palati  will  be  found  completely  divided.  In  the  present  day,  however,  this  division  of  the 
muacles,  as  part  of  the  operation  of  staphytorraphy,  is  not  bo  much  insisted  upon.  All  tension 
b  prevented  by  making  longitudinal  incisions  on  either  side,  parallel  to  tne  cleft  and  just 
internal  to  the  hamular  process,  in  such  a  position  as  to  avoid  the  posterior  palatine  artery. 

7.  Anterior  Vertebral  Region. 
Rectus  capitis  anticus  major.  Rectus  capitis  lateralis. 

Rectus  capitis  anticus  minor.  Longus  colli. 

The  Bectus  capitia  anticns  major  (Fig.  284),  broad  and  thick  above,  narrow 
below,  appears  like  a  continuation  upward  of  the  Scalenus  anticus.     It  arises  by 


Fio.  aw,— The  prevertebral  inu«cle». 

four  tendinous  slips  from  the  anterior  tubercles  of  the  transverse  processes  of  the 
third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and  ascends,  converging  toward 
its  fellow  of  the  opposite  side,  to  be  inserted  into  the  basilar  process  of  tne  occip- 
ital bone. 

BelationB. — By  its  anterior  surface,  witli  the  pharynx,  the  sympathetic  nerve, 
and  the  sheath  enclosing  the  internal  and  common  carotid  artery,  internal  jngular 
vein,  and  pneumogastric  nerve;  by  its  posterior  surface,  with  the  Longus  colli,  the 
Rectus  ca[iiti3  anticus  minor,  and  the  upper  cervical  vertebrie. 

The  Rectus  capitis  anticus  minor  is  a  short,  flat  muscle,  situated  immediately 
behind  the  upper  part  of  the  preceding.  It  arises  from  the  anterior  surface  of  the 
lateral  mass  of  the  atlas  and  from  the  root  of  its  transverse  process,  and,  passing 


THE  LATERAL    VERTEBRAL  REGION.  427 

obliqnely  upward  and  inward,  is  inserted  into  the  basilar  process  immediately 
behind  the  preceding  muscle. 

Belations. — By  its  anterior  surface,  with  the  Rectus  capitis  anticus  major;  by 
its  posterior  surface,  with  the  front  of  the  occipito-atlantal  articulation. 

The  Rectus  capitis  lateralis  is  a  short,  flat  muscle,  which  arises  from  the  upper 
surface  of  the  transverse  process  of  the  atlas,  and  is  inserted  into  the  under  surface 
of  the  jugular  process  of  the  occipital  bone. 

Belations. — By  its  anterior  surface^  with  the  internal  jugular  vein  ;  by  its  pos- 
terior surface,  with  the  vertebral  artery.  On  its  outer  side  lies  the  occipital  artery ; 
on  its  inner  side,  the  suboccipital  nerve. 

The  Longns  coUi  is  a  long,  flat  muscle,  situated  on  the  anterior  surface  of  the 
spine,  between  the  atlas  and  the  third  dorsal  vertebra.  It  is  broad  in  the  middle, 
narrow  and  pointed  at  each  extremity,  and  consists  of  three  portions :  a  superior 
oblique,  an  inferior  oblique,  and  a  vertical  portion.  The  superior  oblique  portion 
arises  from  the  anterior  tubercles  of  the  transverse  processes  of  the  third,  fourth, 
and  fifth  cervical  vertebrae,  and,  ascending  obliquely  inward,  is  inserted  by  a  nar- 
row tendon  into  the  tubercle'  on  the  anterior  arch  of  the  atlas.  The  inferior 
oblique  portion,  the  smallest  part  of  the  muscle,  arises  from  the  front  of  the  bodies 
of  the  first  two  or  three  dorsal  vertebrae,  and,  ascending  obliquely  outward,  is 
inserted  into  the  anterior  tubercles  of  the  transverse  processes  of  the  fifth  and 
sixth  cervical  vertebrae.  The  vertical  portion  lies  directly  on  the  front  of  the  spine ; 
it  arises,  below,  from  the  front  of  the  bodies  of  the  upper  three  dorsal  and  lower 
three  cervical  vertebrae,  and  is  inserted  above  into  the  front  of  the  bodies  of  the 
second,  third,  and  fourth  cervical  vertebrae  above. 

Belations. — By  its  anterior  surface,  with  the  pharynx,  the  oesophagus,  sympa- 
thetic nerve,  the  sheath  of  the  great  vessels  of  the  neck,  the  inferior  thyroid  artery, 
and  recurrent  laryngeal  nerve ;  by  its  posterior  surface,  with  the  cervical  and  dorsal 
portions  of  the  spine.  Its  inner  border  is  separated  from  the  opposite  muscle  by 
a  considerable  interval  below,  but  they  approach  each  other  above. 

8.  Lateral  Vertebral  Region. 

Scalenus  anticus.  Scalenus  medius. 

Scalenus  posticus. 

The  Scalenus  anticus  is  a  conical-shaped  muscle,  situated  deeply  at  the  side  of 
the  neck,  behind  the  Sterno-mastoid.  It  arises  from  the  anterior  tubercles  of  the 
transverse  processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebrae,  and, 
descending  almost  vertically,  is  inserted  by  a  narrow,  flat  tendon  into  the  impression 
on  the  inner  border  and  upper  surface  of  the  first  rib.  The  lower  part  of  this 
muscle  separates  the  subclavian  artery  and  vein,  the  latter  being  in  front,  and  the 
former,  with  the  brachial  plexus,  behind. 

Belations. — In  front,  with  the  clavicle,  the  Subclavius,  Sterno-mastoid,  and 
Omo-hyoid  muscles,  the  transversalis  colli,  the  suprascapular  and  ascending  cer- 
vical arteries,  the  subclavian  vein,  and  the  phrenic  nerve  ;  by  its  posterior  surface, 
with  the  Scalenus  medius,  pleura,  the  subclavian  artery,  and  brachial  plexus  of 
nerves.  It  is  separated  from  the  Longus  colli,  on  the  inner  side,  by  the  vertebral 
artery.  On  the  anterior  tubercles  of  the  transverse  processes  of  the  cervical  ver- 
tebrae, between  the  attachments  of  the  Scalenus  anticus  and  Longus  colli,  lies  the 
ascending  cervical  branch  of  the  inferior  thyroid  artery. 

The  Scalenus  medius,  the  largest  and  longest  of  the  three  Scaleni,  arises  from 
the  posterior  tubercles  of  the  transverse  processes  of  the  lower  six  cervical  vertebrae, 
and,  descending  along  the  side  of  the  vertebral  column,  is  inserted  by  a  broad 
attachment  into  the  upper  surface  of  the  first  rib,  behind  the  groove  for  the  sub- 
clavian artery,  as  far  back  as  the  tubercle.  It  is  separated  from  the  Scalenus 
anticus  by  a  subclavian  artery  below  and  the  cervical  nerves  above.  The  pos- 
terior thoracic,  or  nerve  of  Bell,  is  formed  in  the  substance  of  the  Scalenus  medius 
and  emerges  from  it. 
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Relations. — By  its  anterior  surface,  with  rhe  Stemo-roastoid ;  it  is  crossed  by 
the  clavicle,  the  Omo-hyoid  muscle,  subclavian  artery,  and  the  cervical  nerves.  To 
its  outer  side  is  the  Levator  anguli  scapulse  and  the  Scalenus  posticus  muscle- 

The  Scalenus  posticus,  the  smallest  of  the  three  Scaleni,  arises,  by  two  or  three 
separate  tendons,  from  the  posterior  tubercles  of  the  transverse  processes  of  the 
lower  two  or  three  cervical  vertebrse,  and,  diminishing  as  it  descends,  is  inserted 
by  a  thin  tendon  into  the  outer  surface  of  the  second  rib,  behind  the  attachment  of 
the  Serratus  magnua.  This  is  the  most  deeply  placed  of  the  three  Scaleni,  and  is 
occasionally  blended  with  the  Scalenus  medius. 

Nerres. — The  Rectus  capitis  anticus  major  and  minor  and  the  Rectus  lateralis 
are  supplied  by  the  first  cervical  nerve,  and  from  the  loop  formed  between  it  and 


Fio.  285.— MUBclKs  of  Ihc  neck.  (From  B  prcpHrnlion  in  (he  Museum  of  the  RotsI  CoUegB  of  Surgeons  of 
England.) 

the  second  ;  the  Longus  colli  anil  Scaleni,  by  branches  from  the  anterior  divisions 
of  the  lower  cervical  nerves  (fifth,  sixth,  seventh,  and  eighth)  before  they  form  the 
brachial  plexus.  The  Scalenus  mediiis  also  receives  a  filament  from  the  deep 
external  branches  of  the  cervical  plexus. 

Actions. — The  Rectus  anticus  major  and  minor  are  the  direct  antagonists  of  the 
muscles  at  the  back  of  the  neck,  serving  to  restore  the  head  to  its  natural  position 
after  it  has  been  drawn  backward.     These  muscles  also  serve  to  flex  the  head,  an-i. 
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from  their  obliquity,  rotate  it,  so  as  to  turn  the  face  to  one  or  the  other  side.  The 
Longus  colli  flexes  and  slightly  rotates  the  cervical  portion  of  the  spine.  The 
Scaleni  muscles,  when  they  take  their  fixed  point  from  above,  elevate  the  first  and 
second  ribs,  and  are,  therefore,  inspiratory  muscles.  When  they  take  their  fixed 
point  from  below,  they  bend  the  spinal  column  to  one  or  the  other  side.  If  the 
muscles  of  both  sides  act,  lateral  movement  is  prevented,  but  the  spine  is  slightly 
ilexed.     The  Rectus  lateralis,  acting  on  one  side,  bends  the  head  laterally. 

Snrface  Form. — The  muscles  in  the  neck,  with  the  exception  of  the  Platysma  myoides,  are 
invested  by  the  deep  cervical  fascia,  which  softens  down  their  form,  and  is  of  considerable 
imjJCTtance  in  connection  with  deep  cervical  abscesses  and  tumors,  modifying  the  direction  of 
their  growth  and  causing  them  to  extend  laterally  instead  of  toward  the  surface.  The  Platvsnia 
myoides  does  not  influence  surface  form  except  it  is  in  action,  when  it  produces  wrinkling  of  the 
skin  of  the  neck,  which  is  thrown  into  oblique  ridges  parallel  with  the  fasciculi  of  the  muscle. 
Sometimes  this  contraction  takes  place  suddenly  and  repeatedly  as  a  sort  of  spasmodic  twitching, 
the  result  of  a  nervous  habit  The  Stemo-deido-mastoid  is  the  most  important  muscle  of  the 
neck  as  regards  its  surface  form.  If  the  muscle  is  put  into  action  by  drawing  the  chin  down- 
ward and  to  the  opposite  shoulder,  its  surface  form  will  be  plainly  outlined.  The  sternal  origin 
will  stand  out  as  a  snarply-dcfined  ridge,  while  the  clavicular  origin  will  present  a  flatter  and  not 
80  prominent  an  outline.  The  fleshy  middle  portion  will  appear  as  an  oblique  roll  or  elevation, 
witQ  a  thick  rounded  anterior  border  gradually  becoming  less  marked  above.  On  the  opposite 
side — i  €.  on  the  side  to  which  the  head  is  turned — the  outline  is  lost,  its  place  being  occupied 
by  an  oblique  groove  in  the  integument.  When  the  muscle  is  at  rest  its  anterior  border  is  still 
visible,  forming  an  oblique  rounded  ridge,  terminating  below  in  the  sharp  outline  of  the  sternal 
head.  The  posterior  border  of  the  muscle  does  not  show  above  the  clavicular  head.  The 
anterior  border  is  defined  by  drawing  a  line  from  the  tip  of  the  mastoid  process  to  the  stemo- 
clavicular  joint.  It  is  an  important  surface- marking  in  the  operation  of  ligature  of  the  common 
carotid  artery  and  some  other  operations.  Between  the  sternal  and  clavicular  heads  is  a  slight 
depression,  most  marked  when  the  muscle  is  in  action.  This  is  bounded  below  by  the  prominent 
sternal  extremity  of  the  clavicle.  Between  the  sternal  origins  of  the  two  muscles  is  a  V-shaped 
space,  the  suprastemcU  notch,  more  pronounced  below,  and  becoming  toned  down  above,  where 
tne  Stemo-hyoid  and  Stemo-th^roid  nauscles,  lying  upon  the  trachea,  become  more  prominent. 
Above  the  hyoid  bone,  in  the  middle  line,  the  anterior  belly  of  the  Digastric  to  a  certain  extent 
infinences  surface  form.  It  corresponds  to  a  line  drawn  from  the  symphysis  of  the  lower  jaw  to 
the  side  of  the  body  of  the  hyoid  bone,  and  renders  this  part  of  the  hyo-mental  region  convex. 
In  the  posterior  triangle  of  the  neck,  the  posterior  belly  of  the  Omo-hyoid,  when  in  action,  forms 
a  conspicuous  object,  esi)ecially  in  thin  necks,  presenting  a  cord-like  form  running  across  this 
region,  almost  parallel  with,  and  a  little  above,  the  clavicle. 

MUSCLES  AND  FASCLfi  OF  THE  TRUNK. 

The  muscles  of  the  Trunk  may  be  arranged  in  four  groups  :  the  muscles  of  the 
Back,  of  the  Thorax,  of  the  Abdomen,  and  of  the  Perinseum. 

THE  BACK. 

The  muscles  of  the  Back  are  very  numerous,  and  may  be  subdivided  into  five 
lavers. 

First  Layer.  Fourth  Layer. 

Trapezius.  Sacral  and  Lumbar  Regions. 

Latissimus  dorsi. 


Erector  spinse. 


Second  Layer. 


Dorsal  Region, 


Levator  anguli  scapulae. 

Rhomboideus  minor.  Ilio-costalis.  .        ^  .,. 

Rhomboideus  major.  Musculus  accessorms  ad  ilio-costalem. 

Longissimus  dorsi. 

Third  Layer  Spinalis  dorsi. 

Serratus  posticus  superior.  z^      •    j   r>     • 

Q       .      ^     ..        •  p    •  Cervical  lieqion. 

oerratus  posticus  interior.  ^ 

Splenius  capitis.  Cervicalis  ascendens. 

Splenius  colli.  Transversalis  colli. 
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Trachelo-mastoid. 
Complexus. 
Biventer  cervicis. 
Spinalis  colli. 

Fifth  Layer. 

Semispinalis  dorsi. 
Semispinalis  colli. 
Multifidus  spinas. 


Rotatores  spinas. 

Supraspinales. 

Interspinales. 

Extensor  coccygis. 

Intertransversales. 

Rectus  capitis  posticus  major. 

Rectus  capitis  posticus  minor. 

Obliquus  capitis  superior. 

Obliquus  capitis  inferior. 


Trapezius. 


Layer. 

Latissimus  dorsi. 


Dissection  (Fig.   286). — ^Place  the  body  in  a  prone  position,  with  the  arms  extended 
01  the  table,  and  the  chest  and  abdomen  supported  by  several  blocks,  so  as 


over  the  sides 


to  render  the  muscles  tense.  Then  make  an  incision 
along  the  middle  line  of  the  back  from  the  occipital 
protuberance  to  the  coccyx.  Make  a  transverse  incision 
m)m  the  upper  end  of  this  to  the  mastoid  process,  and 
a  third  incision  from  its  lower  end,  along  the  crest  of 
the  ilium  to  about  its  middle.  This  large  intervening 
space  should,  for  convenience  of  dissection,  be  sud- 
divided  by  a  fourth  incision,  extending  obliquely  from 
the  spinous  process  of  the  last  dorsal  vertebra,  upward 
and  outward,  to  the  acromion  process.  This  incision 
corresponds  with  the  lower  border  of  the  Trapezius 
muscle.  The  flaps  of  integument  are  then  to  De  re- 
moved in  the  direction  shown  in  the  figure. 

The  superficial  fascia  is  exposed  upon  re- 
moving the  skin  from  the  back.  It  forms  a 
layer  of  considerable  thickness  and  strength, 
in  which  a  quantity  of  granular  pinkish  fat  is 
contained.  It  is  continuous  with  the  super- 
ficial fascia  in  other  parts  of  the  body.  The 
deep  fascia  is  a  dense  fibrous  layer  attached  to 
the  occipital  bone,  the  spines  of  the  vertebrae, 
the  crest  of  the  ilium,  and  the  spine  of  the 
scapula.  It  covers  over  the  superficial  muscles, 
foiming  sheaths  for  them,  and  is  continuous, 
in  the  neck  at  the  anterior  border  of  the  Tra- 
pezius, with  the  deep  cervical  fascia;  in  the 
thorax,  with  the  deep  fascia  of  the  axilla  and 
chest,  and  in  the  abdomen  with  that  covering 
the  abdominal  muscles. 

The  Trapezius  (Fig.  287)  is  a  broad,  flat, 
triangular  muscle,  placed  immediately  be- 
neath the  skin  and  fascia,  and  covering  the  upper  and  back  part  of  the  neck  and 
shoulders.  It  arises  from  the  inner  third  of  the  superior  curved  line  of  the  occipital 
bone ;  from  the  ligamentum  nuchae,  the  spinous  process  of  the  seventh  cervical, 
and  those  of  all  the  dorsal  vertebrae ;  and  from  the  corresponding  portion  of  the 
supraspinous  ligament.  From  this  origin  the  superior  fibres  proceed  downward 
and  outward,  the  inferior  ones  upward  and  outward,  and  the  middle  fibres 
horizontally,  and  are  inserted,  the  superior  ones  into  the  outer  third  of  the 
posterior  border  of  the  clavicle ;  the  middle  fibres  into  the  inner  margin  of  the 
acromion  process,  and  into  the  sui)erior  lip  of  the  posterior  border  or  crest  of  the 
spine  of  the  scapula ;  the  inferior  fibres  converge  near  the  scapula,  and  terminate 
in  a  triangular  aponeurosis,  which  glides  over  a  smooth  surface  at  the  inner  extremity 
of  the  spine,  to  be  inserted  into  a  tubercle  at  the  outer  part  of  this  smooth  surface. 
The  Trapezius  is  fleshy  in  the  greater  part  of  its  extent,  but  tendinous  at  its  origin 


Fig.  286.— Diflsection  of  the  muscles  of  the 
back. 
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Fin.MT— Miisc1e«ortheb«ck.    On  the  letl  side  is  uiptiseillhy  ilrsi  layer;  on  the  right  side, Ihc  socoQd  Isyar 
•oamrtoflhelhinl. 

and  insertioD.    At  its  occipital  origin  it  is  eoniu^ctt'd  to  the  bone  by  a  thin  fibrous 
lamina,  firmly  adherent  to  the  skin,  and  wantiug  the  lustrous,  shiaing  appearance 
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of  aponeuroses.  At  its  origin  from  the  spines  of  the  vertebrae  it  is  connected  to 
the  bones  by  means  of  a  broad  semi-elliptical  aponeurosis,  which  occupies  the 
space  between  the  sixth  cervical  and  the  third  dorsal  vertebrae,  and  forms,  with 
the  aponeurosis  of  the  opposite  muscle,  a  tendinous  ellipse.  The  rest  of  the  muscle 
arises  by  numerous  short  tendinous  fibres.  If  the  Trapezius  is  dissected  on  both 
sides,  the  two  muscles  resemble  a  trapezium  or  diamond-shaped  quadrangle ;  two 
angles  corresponding  to  the  shoulders;  a  third  to  the  occipital  protuberance; 
and  the  fourth  to  the  spinous  process  of  the  last  dorsal  vertebra. 

The  clavicular  insertion  of  this  muscle  varies  as  to  the  extent  of  its  attach- 
ment ;  it  sometimes  advances  as  far  as  the  middle  of  the  clavicle,  and  may  even 
become  blended  with  the  posterior  edge  of  the  Sterno-mastoid  or  overlap  it.  This 
should  be  borne  in  mind  in  the  operation  for  tying  the  third  part  of  the  subclavian 
artery. 

Relations. — By  its  superficial  surface^  with  the  integument;  by  its  deep 
surface^  in  the  neck,  with  the  Com  plexus,  Splenius,  Levator  anguli  scapulae,  and 
Rhomboideus  minor ;  in  the  back,  with  the  Rhomboideus  major,  Supraspinatus, 
Infraspinatus,  and  Vertebral  aponeurosis  (which  separates  it  from  the  prolongations 
of  the  Erector  spinae),  and  the  Latissimus  dorsi.  The  spinal  accessory  nerve  and 
the  superficial  cervical  artery  pass  beneath  the  anterior  border  of  this  muscle, 
near  the  clavicle.  The  anterior  margin  of  its  cervical  portion  forms  the  posterior 
boundary  of  the  posterior  triangle  of  the  neck,  the  other  boundaries  being  the  Sterno- 
mastoid  in  front  and  the  clavicle  below. 

The  Ligamentum  nucha  (Fig.  287)  is  a  thin  band  of  condensed  cellulo-fibrous 
membrane  placed  in  the  line  of  union  between  the  two  Trapezii  in  the  neck.  It 
extends  from  the  external  occipital  protuberance  to  the  spinous  process  of  the 
seventh  cervical  vertebra,  where  it  is  continuous  with  the  supraspinous  ligament. 
From  its  anterior  surface  a  fibrous  lamina  is  given  off,  which  is  attached  to  the 
spinous  process  of  each  of  the  cervical  vertebrae,  excepting  the  atlas,  so  as  to  form 
a  septum  between  the  muscles  on  each  side  of  the  neck.  In  man  it  is  merely  the 
rudiment  of  an  important  elastic  ligament  which,  in  some  of  the  lower  animals, 
serves  to  sustain  the  weight  of  the  head. 

The  Latissimus  dorsi  is  a  broad  flat  muscle  which  covers  the  lumbar  and 
the  lower  half  of  the  dorsal  regions,  and  is  gradually  contracted  into  a  narrow 
fasciculus  at  its  insertion  into  the  humerus.  It  arises  by  an  aponeurosis  from  the 
spinous  processes  of  the  six  inferior  dorsal,  from  those  of  the  lumbar  and  sacral 
vertebrae,  and  from  the  supraspinous  ligament.  Over  the  sacrum  the  aponeurosis 
of  this  muscle  blends  with  the  posterior  layer  of  the  lumbar  fascia.  It  also  arises 
from  the  external  lip  of  the  crest  of  the  ilium,  behind  the  origin  of  the  External 
oblique,  and  by  fleshy  digitations  from  the  three  or  four  lower  ribs,  which  are 
interposed  between  similar  processes  of  the  External  oblique  muscle  (Fig.  292, 
page  461).  From  this  extensive  origin  the  fibres  pass  in  different  directions,  the 
upper  ones  horizontally,  the  middle  obliquely  upward,  and  the  lower  vertically 
upward,  so  as  to  converge  and  form  a  thick  fasciculus,  which  crosses  the  inferior 
angle  of  the  scapula,  and  occasionally  receives  a  few  fibres  from  it.  The  muscle 
then  curves  around  the  lower  border  of  the  Teres  major,  and  is  twisted  upon  itself, 
so  that  the  superior  fibres  become  at  first  posterior  and  then  inferior,  and  the 
vertical  fibres  at  first  anterior  and  then  superior.  It  then  terminates  in  a  short 
quadrilateral  tendon,  about  three  inches  in  length,  which,  passing  in  front  of  the 
tendon  of  the  Teres  major,  is  inserted  into  the  bottom  of  the  bicipital  groove  of 
the  humerus,  its  insertion  extending  higher  on  the  humerus  than  that  of  the 
tendon  of  the  Pectoralis  major.  The  lower  border  of  the  tendon  of  this  muscle  is 
united  with  that  of  the  Teres  major,  the  surfaces  of  the  two  being  separated  by  a 
bursa ;  another  bursa  is  sometimes  interposed  between  the  muscle  and  the  inferior 
angle  of  the  scapula.  This  muscle  at  its  insertion  gives  off  an  expansion  to  the 
deep  fascia  of  the  arm. 

A  muscular  slip,  varying  from  3  to  4  inches  in  length,  and  from  i  to  J  of  an  inch  in  breadth, 
occasionally  arises  from  the  upper  edge  of  the  Latissimus  dorsi  about  the  middle  of  the  posterior 
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fold  of  the  axilla,  and  crosses  the  axilla  in  front  of  the  axillary  vessels  and  nerves,  to  join  the 
under  surface  of  the  tendon  of  the  Pectoralis  major,  the  Coraco-brachialis,  or  the  fascia  over  the 
Biceps.  The  position  of  this  abnormal  slip  is  a  point  of  interest  in  its  relation  to  the  axillary 
artery,  as  it  crosses  the  vessel  just  above  the  spot  usually  selected  for  the  ap|)lication  of  a  ligature, 
and  may  mislead  the  surgeon  during  the  operation.  It  may  be  easUy  recognized  by  the  transverse 
direction  of  its  fibres.  Dr.  Struther  found  it,  in  8  out  of  105  subjects,  occurring  seven  times  on 
both  sides. 

Belatioiis. — Its  superficial  surface  is  subcutaneous,  excepting  at  its  upper  part, 
where  it  is  covered  by  the  Trapezius,  and  at  its  insertion,  where  its  tendon  is 
crossed  by  the  axillary  vessels  and  the  brachial  plexus  of  nerves.  By  its  deep 
mrface  it  is  in  relation  with  the  Lumbar  fascia,  the  Serratus  posticus  inferior,  the 
lower  external  intercostal  muscles  and  ribs,  inferior  angle  of  the  scapula,  Rhom- 
boideus  major.  Infraspinatus,  and  Teres  major.  Its  outer  margin  is  separated 
below  from  the  External  oblique  by  a  small  triangular  interval ;  and  another 
triangular  interval  exists  between  its  upper  border  and  the  margin  of  the  Trapezius, 
in  which  the  Rhomboideus  major  muscle  is  exposed. 

Kerves. — The  Trapezius  is  supplied  by  the  spinal  accessory,  and  by  branches 
from  the  anterior  divisions  of  the  third  and  fourth  cervical  nerves :  the  Latissimus 
dorsi,  by  the  middle  or  long  subscapular  nerve. 

Second  Layer. 

Levator  anguli  scapulae.  Rhomboideus  minor. 

Rhomboideus  major. 

Dissection. — The  Trapezius  must  be  removed,  in  order  to  expose  the  next  layer ;  to  effect 
this,  detach  the  muscle  from  its  attachment  to  the  clavicle  and  spine  of  the  scapula,  and  turn 
it  back  toward  the  spine. 

The  Levator  angjoli  scapula  is  situated  at  the  back  part  and  side  of  the  neck. 
It  arises  by  tendinous  slips  from  the  posterior  tubercles  of  the  transverse  processes 
of  the  four  upper  cervical  vertebrae ;  these,  becoming  fleshy,  are  united  so  as  to 
form  a  flat  muscle,  which,  passing  downward  and  backward,  is  inserted  into  the 
posterior  border  of  the  scapula,  between  the  superior  angle  and  the  triangular 
smooth  surface  at  the  root  of  the  spine. 

Relations. — By  its  superficial  surface^  with  the  integument.  Trapezius,  and 
Stemo-mastoid ;  by  its  deep  surface^  with  the  Splenius  colli,  Transversalis  colli, 
Cervicalis  ascendens,  and  Serratus  posticus  superior  muscles,  and  with  the  trans- 
versalis colli  and  posterior  scapular  arteries. 

The  Bhomboideus  minor  arises  from  the  ligamentum  nuchse  and  spinous 
processes  of  the  seventh  cervical  and  first  dorsal  vertebrae.  Passing  downward 
and  outward,  it  is  inserted  into  the  margin  of  the  triangular  smooth  surface  at  the 
root  of  the  spine  of  the  scapula.  This  small  muscle  is  usually  separated  from  the 
Rhomboideus  major  by  a  slight  cellular  interval. 

Relations. — By  its  superficial  {posterior)  surface^  with  the  Trapezius;  by  its 
deep  surface^  with  the  same  structures  as  the  Rhomboideus  major. 

The  Bliomboideus  major  is  situated  immediately  below  the  preceding,  the 
adjacent  margins  of  the  two  being  occasionally  united.  It  arises  by  tendinous 
fibres  from  the  spinous  processes  of  the  four  or  five  upper  dorsal  vertebrae  and  the 
supraspinous  ligament,  and  is  inserted  into  a  narrow  tendinous  arch  attached 
above  to  the  lower  part  of  the  triangular  surface  at  the  root  of  the  spine ;  below, 
to  the  inferior  angle,  the  arch  being  connected  to  the  border  of  the  scapula  by  a 
ihin  membrane.  When  the  arch  extends,  as  it  occasionally  does,  but  a  short 
distance,  the  muscular  fibres  are  inserted  into  the  scapula  itself. 

Relations. — By  its  superficial  {posterior)  surface^  with  the  Latissimus  dorsi ;  by 
its  deep  {anterior)  surface^  with  the  Serratus  posticus  superior,  posterior  scapular 
artery,  the  vertebral  aponeurosis  which  separates  it  from  the  prolongations  from 
the  Erector  spinae,  the  Intercostal  muscles,  and  ribs. 

Nenres. — The  Rhomboid  muscles  are  supplied  by  branches  from  the  anterior 
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division  of  the  fifth  cervical  nerve ;  the  Levator  anguli  scapulae,  by  the  anterior 
division  of  the  third  and  fourth  cervical  nerves. 

Actions. — The  movements  effected  by  the  preceding  muscles  are  numerous,  as 
may  be  conceived  from  their  extensive  attachment.  The  whole  of  the  Trapezius 
when  in  action  retracts  the  scapula  and  rotates  it  on  a  sagittal  axis  ;  if  the  head  is 
fixed,  the  upper  part  of  the  Trapezius  will  elevate  the  point  of  the  shoulder,  as  in 
supporting  weights ;  when  the  lower  fibres  are  brought  into  action,  they  assist  in 
depressing  the  bone.  If  the  scapula  is  prevented  from  gliding  on  the  chesty  the 
middle  and  lower  fibres  of  the  muscle  cause  it  to  rotate,  so  that  the  acromion  is 
raised.  If  the  shoulders  are  fixed,  both  Trapezii,  acting  together,  will  draw  the 
head  directly  backward ;  or  if  only  one  acts,  the  head  is  drawn  to  the  corresponding 
side. 

The  Latissimus  dorsij  when  it  acts  upon  the  humerus,  draws  it  backward, 
adducts,  and  at  the  same  time  rotates  it  inward.  It  is  the  muscle  which  is 
principally  employed  in  giving  a  downward  blow,  as  in  felling  a  tree  or  in  sabre 
practice.  If  the  arm  is  fixed,  the  muscle  may  act  in  various  ways  upon  the  trunk : 
thus,  it  may  raise  the  lower  ribs  and  assist  in  forcible  inspiration  ;  or,  if  both  arms 
are  fixed,  the  two  muscles  may  assist  the  Abdominal  and  great  Pectoral  muscles  in 
suspending  and  drawing  the  whole  trunk  forward,  as  in  climbing  or  walking  on 
crutches. 

The  Levator  anguli  scapulce  raises  the  superior  angle  of  the  scapula,  assisting 
the  Trapezius  in  bearing  weights  or  in  shrugging  the  shoulders.  If  the  shoulder 
be  fixed,  the  Levator  anguli  scapulae  inclines  the  neck  to  the  corresponding  side 
and  rotates  it  in  the  same  direction.  The  Rhomboid  muscles  carry  the  inferior 
angle  backward  and  upward,  thus  producing  a  slight  rotation  of  the  scapula  upon 
the  side  of  the  chest,  the  Rhomboideus  major  acting  especially  on  the  low^er  angle 
of  the  scapula  through  the  tendinous  arch  by  which  it  is  inserted.  The  Rhomboid 
muscles,  acting  together  with  the  middle  and  inferior  fibres  of  the  Trapezius,  will 
draw  the  scapula  directly  backward  toward  the  spine. 

Third  Layer. 

Serratus  posticus  superior.  Serratus  posticus  inferior. 

o  1     .      f  Splenius  capitis. 
Splenius<  ci*^i     .  U- 

^  \  Splenius  colli. 

Dissection. — ^To  bring  into  view  the  third  layer  of  muscles,  remove  the  whole  of  the  second, 
together  with  the  Latissimus  dorsi,  by  cutting  through  the  Levator  anguli  scapulae  and  Rhoui- 
boul  muscles  near  their  insertion,  and  reflecting  them  upward,  and  by  dividing  the  Latissimiu: 
dorsi  in  the  middle  by  a  vertical  incision  carried  from  its  upper  to  its  lower  part,  and  reflect  inir 
the  two  halves  of  the  muscle. 

The  Serratus  posticus  superior  is  a  thin,  flat,  quadrilateral  muscle  situated  at 
the  upper  and  back  part  of  the  thorax.  It  arises  by  a  thin  and  broad  aponeurosi-^ 
from  the  ligamentum  nuchas,  and  from  the  spinous  processes  of  the  last  cervical 
and  two  or  three  upper  dorsal  vertebrae  and  from  the  supraspinous  ligament. 
Inclining  downward  and  outward,  it  becomes  muscular,  and  is  inserted,  by  four 
fleshy  digitations  into  the  upper  borders  of  the  second,  third,  fourth,  and  fifth  ribs, 
a  little  beyond  their  angles. 

Relations. — By  its  superficial  surface,  with  the  Trapezius,  Rhomboidei,  and 
Levator  anguli  scapulae ;  by  its  deep  surface,  with  the  Splenius  and  the  vertebral 
aponeurosis,  which  separates  it  from  the  prolongations  of  the  Erector  spin^, 
and  with  the  Intercostal  muscles  and  ribs. 

The  Serratus  posticus  inferior  is  situated  at  the  junction  of  the  dorsal  and  lumbar 
regions ;  it  is  of  an  irregularly  quadrilateral  form,  broader  than  the  preceding, 
and  separated  from  it  by  a  considerable  interval.  It  arises  by  a  thin  aponeurosis 
from  the  spinous  processes  of  the  last  two  dorsal  and  two  or  three  upper  lumbar 
vertebrae,  and  from  the  supraspinous  ligaments.  Passing  obliquely  upward 
and  outward,  it  becomes  fleshy,  and  divides  into  four  flat  digitations,  which  are 
inserted  into  the  lower  borders  of  the  four  lower  ribs,  a  little  beyond  their  angles. 
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The  thin  aponeurosis  of  origin  is  intimately  blended  with  the  tendon  of  origin  of 
the  Latissimus  dorsi  muscle  and  with  the  lumbar  fascia. 

Relations. — By  its  superficial  surface,  with  the  Latissimus  dorsi,  with  the 
aponeurosis  of  which  its  own  aponeurotic  origin  is  inseparably  blended ;  by  its 
deep  surface^  with  the  lumbar  fascia,  the  Erector  spinse,  ribs,  and  Intercostal 
muscles.     Its  upper  margin  is  continuous  with  the  vertebral  aponeurosis. 

The  Vertebral  aponeurosis  is  a  thin,  fibrous  lamina  extending  along  the  whole 
length  of  the  back  part  of  the  thoracic  region,  serving  to  bind  down  the  long 
extensor  muscles  of  the  back  which  support  the  spine  and  head,  and  separate 
them  from  those  muscles  which  connect  the  spine  to  the  upper  extremity.  It  con- 
sists of  longitudinal  and  transverse  fibres  blended  together,  forming  a  thin  lamella, 
which  is  attached  in  the  median  line  to  the  spinous  processes  of  the  dorsal  vertebrae ; 
externally,  to  the  angles  of  the  ribs ;  and  below,  to  the  upper  border  of  the  Serratus 
posticus  inferior  and  tendon  of  origin  of  the  Latissimus  dorsi ;  above,  it  passes 
beneath  the  Serratus  posticus  superior  and  the  Splenius,  and  blends  with  the  deep 
fascia  of  the  neck. 

The  Lumbar  fascia  (Fig.  288)  is  a  thick  and  strong  lamella  occupying  the  interval 
between  the  last  rib  and  crest  of  the  ilium.  It  is  attached  internally  to  the 
spinous  processes  of  the  lumbar  and  sacral  vertebrae ;  above,  to  the  last  rib  and  to 
the  cartilage  of  the  eleventh  rib ;  below,  to  the  posterior  third  of  the  crest  of  the 
ilium.  Externally,  it  blends  with  the  Transversalis  abdominis  muscle.  The  posterior 
or  superficial  surface  of  this  fascia  gives  attachment  to  part  of  the  origin  of  the 
Latissimus  dorsi,  to  the  Serratus  posticus  inferior,  and  to  the  Internal  oblique  muscle 
of  the  abdomen.  The  anterior  or  deep  surface  gives  ofl^  two  layers :  one  lies  between 
the  Erector  spinae  and  Quadratus  lumborum,  and  is  attached  to  the  tips  of  the 
transverse  processes  of  the  lumbar  vertebrae ;  the  other  lies  on  the  anterior  or  internal 
surface  of  the  Quadratus  lumborum,  and  is  attached  to  the  front  part  of  the  same 
transverse  processes.  The  upper  portion  of  this  layer,  which  extends  from  the 
transverse  process  of  the  first  lumbar  vertebra  to  the  apex  and  lower  border  of  the 
last  rib,  constitutes  the  ligamentum  arcuatum  externum.  Therefore  these  three 
layers  of  the  lumbar  fascia  form  two  spaces  :  between  the  posterior  and  middle  layer 
is  situated  the  Erector  spinae  and  the  Multifidus  spinae ;  between  the  middle  and 
anterior  layers  is  situated  the  Quadratus  lumborum. 

Now  detach  the  Serratus  posticus  superior  from  its  origin,  and  turn  it  outward,  when  the 
Splenius  muscle  will  be  brought  into  view. 

The  Splenius  is  situated  at  the  back  of  the  neck  and  upper  part  of  the  dorsal 
region.  At  its  origin  it  is  a  single  muscle,  narrow,  and  pointed  in  form  ;  but  it 
soon  becomes  broader,  and  divides  into  two  portions,  which  have  separate  inser- 
tions. It  arises,  by  tendinous  fibres,  from  the  lower  half  of  the  ligamentum  nuchae, 
from  the  spinous  processes  of  the  last  cervical  and  of  the  six  upper  dorsal  vertebrae, 
and  from  the  supraspinous  ligament.  From  this  origin  the  fleshy  fibres  proceed 
obliquely  upward  and  outward,  forming  a  broad  flat  muscle,  which  divides  as  it 
ascends  into  two  portions,  the  Splenius  capitis  and  Splenius  colli. 

The  Splenius  capitis  is  inserted  into  the  mastoid  process  of  the  temporal  bone, 
and  into  the  rough  surface  on  the  occipital  bone  just  beneath  the  superior  curved 
line. 

The  Splenius  colli  is  inserted,  by  tendinous  fasciculi,  into  the  posterior  tubercles 
of  the  transverse  processes  of  the  two  or  three  upper  cervical  vertebrae. 

The  Splenius  is  separated  from  its  fellow  of  the  opposite  side  by  a  triangular 
interval,  in  which  is  seen  the  Complexus. 

Relations. — By  its  superficial  surface^  with  the  Trapezius,  from  which  it  is 
separated  below  by  the  Rhomboidei  and  the  Serratus  posticus  superior.  It  is 
covered  at  its  insertion  by  the  Sterno-mastoid,  and  at  the  lower  and  back  part  of 
the  neck  by  the  Levator  anguli  scapulae ;  by  its  deep  surface,  with  the  Spinalis 
dorsi,  Longissimus  dorsi,  Semispinalis  colli,  Complexus,  Trachelo-mastoid,  and 
Transversalis  colli. 
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Nerves. — The  Splenius  is  supplied  from  the  external  branches  of  the  posterior 
divisions  of  the  cervical  nerves ;  the  Serratus  posticus  superior  is  supplied  by  the 
external  branches  of  the  posterior  divisions  of  the  upper  dorsal  nerves ;  the  Serratus 
posticus  inferior  by  the  external  branches  of  the  posterior  divisions  of  the  lower 
dorsal  nerves. 

Actions. — The  Serrati  are  respiratory  muscles.  The  Serratus  posticus  supe- 
rior elevates  the  ribs ;  it  is  therefore  an  inspiratory  muscle ;  while  the  Serratus 
inferior  draws  the  lower  ribs  downward  and  backward,  and  thus  elongates  the 
thorax.  It  also  fixes  the  lower  ribs,  thus  aiding  the  downward  action  of  the 
diaphragm  and  resisting  the  tendency  which  it  has  to  draw  the  lower  ribs  upward 
and  forward.  It  must  therefore  be  regarded  as  a  muscle  of  inspiration.  This  muscle 
is  also  probably  a  tensor  of  the  vertebral  aponeurosis.  The  Splenii  muscles  of  the 
two  sides,  acting  together,  draw  the  head  directly  backward,  assisting  the  Trapezius 
and  Complexus ;  acting  separately,  they  draw  the  head  to  one  or  the  other  side,  and 
slightly  rotate  it,  turning  the  face  to  the  same  side.  They  also  assist  in  supporting 
the  head  in  the  erect  position. 

Fourth  Layer. 

Sacral  and  Lumbar  Regions,  Cervical  Region, 

Erector  spinae.  Cervicalis  ascendens. 

Dorsal  Region.  Transversalis  colli. 

Ilio-costalis.  Trachelo-mastoid. 

Musculus  accessorius  ad  ilio-costalem.  Complexus. 

Longissimus  dorsi.  Biventer  cervicis. 

Spinalis  dorsi.  Spinalis  colli. 

Dissection. — To  expose  the  muscles  of  the  fourth  layer,  remove  entirely  the  Serrati  and  the 
vertebral  and  lumbar  fascias.  Then  detach  the  Splenius  by  separating  its  attachment  to  the 
spinous  processes  and  reflecting  it  outward. 

The  Erector  spinsB  (Fig.  288)  and  its  prolongations  in  the  dorsal  and  cervical 
regions  fill  up  the  vertebral  groove  on  each  side  of  the  spine.  It  is  covered  in 
the  lumbar  region  by  the  lumbar  fascia ;  in  the  dorsal  region,  by  the  Serrati 
muscles  and  the  vertebral  aponeurosis ;  and  in  the  cervical  region,  by  a  layer  of 
cervical  fascia  continued  beneath  the  Trapezius  and  the  Splenius.  This  large 
muscular  and  tendinous  mass  varies  in  size  and  structure  at  different  parts  of  the 
spine.  In  the  sacral  region  the  Erector  spinse  is  narrow  and  pointed,  and  its  origin 
chiefly  tendinous  in  structure.  In  the  lumbar  region  the  muscle  becomes  enlarged, 
and  forms  a  large  fleshy  mass.  In  the  dorsal  region  it  subdivides  into  two  parts, 
which  gradually  diminish  in  size  as  they  ascend  to  be  inserted  into  the  vertebrae 
and  ribs.  In  the  cervical  region  it  is  gradually  lost,  where  a  number  of  small  muscles 
are  continued  upward  to  the  head  to  support  it  upon  the  spine. 

The  Erector  spinae  arises  from  the  sacro-iliac  groove,  and  from  the  anterior 
surface  of  a  very  broad  and  thick  tendon,  w^hich  is  attached,  internally,  to  the 
spines  of  the  sacrum,  to  the  spinous  processes  of  the  lumbar  vertebrae,  and  the 
supraspinous  ligament ;  externally,  to  the  back  part  of  the  inner  lip  of  the  crest  of 
the  ilium,  and  to  the  series  of  eminences  on  the  posterior  part  of  the  sacrum, 
which  represents  the  transverse  processes,  where  it  blends  with  the  great  sacro- 
sciatic  ligament.  The  muscular  fibres  form  a  single  large  fleshy  mass,  bounded  in 
front  by  the  transverse  processes  of  the  lumbar  vertebrae  and  by  the  middle  lamella 
of  the  lumbar  fascia.  Opposite  the  last  rib  it  divides  into  two  parts,  the  Dio- 
costalis  and  the  Longissimus  dorsi. 

The  Ilio-costalis  (Sacro-lu?nbalis)y  the  external  and  smaller  portion  of  the 
Erector  spinse,  is  inserted,  generally,  by  six  or  seven  flattened  tendons  into  the 
angles  of  the  six  or  seven  lower  ribs.  The  number  of  the  tendons  of  this  muscle 
is,  however,  very  variable,  and  therefore  the  number  of  ribs  into  which  it  is 
inserted.  Frequently  it  is  found  to  possess  nine  or  ten  tendons,  and  sometimes  as 
many  tendons  as  there  are  ribs,  and  is  then  inserted  into  the  angles  of  all  the  ribs. 
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OceipifdJ  bone. 


Fia.  288.— MUBclcB  otlhe  beck.    Deep  layen. 


If  this  muscle  is  reflected  outward,  it  will  be  seen  to  be  reinforced  bv  a  series  of 
muscular  slips  which  arise  from  the  angles  of  the  ribs ;  by  means  of  these  the  Ilio- 
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costalis  is  continued  upward  to  the  upper  ribs  and  cervical  portion  of  the  spine. 
The  accessory  portions  form  two  additional  muscles,  the  Musculus  accessorius  and 
the  Cervicalis  ascendens. 

The  MosculuB  accegsorius  ad  ilio-costalem  arises,  by  separate  flattened  tendons, 
from  the  angles  of  the  six  lower  ribs ;  these  become  muscular,  and  are  finally 
inserted,  by  separate  tendons,  into  the  angles  of  the  six  upper  ribs. 

The  Cervicalis  ascendens^  is  the  continuation  of  the  Accessorius  upward  into 
the  neck  ;  it  is  situated  on  the  inner  side  of  the  tendons  of  the  Accessorius,  arising 
from  the  angles  of  the  four  or  five  upper  ribs,  and  is  inserted  by  a  series  of  slender 
tendons  into  the  posterior  tubercles  of  the  transverse  processes  of  the  fourth,  fifth, 
and  sixth  cervical  vertebrae. 

The  Longissimos  dorsi  is  the  inner  and  larger  portion  of  the  Erector  spinas. 
In  the  lumbar  region,  where  it  is  as  yet  blended  with  the  Ilio-costalis,  some  of  the 
fibres  are  attached  to  the  whole  length  of  the  posterior  surface  of  the  transverse 
processes  of  the  lumbar  vertebrae,  to  the  tubercles  at  the  back  of  the  articular 
processes,  and  to  the  middle  layer  of  the  lumbar  fascia.  In  the  dorsal  region  the 
Longissimus  dorsi  is  inserted,  by  long  thin  tendons,  into  the  tips  of  the  transverse 
processes  of  all  the  dorsal  vertebrae,  and  into  from  seven  to  eleven  of  the  lower 
ribs  between  their  tubercles  and  angles.  This  muscle  is  continued  upward,  to  the 
cranium  and  cervical  portion  of  the  spine  by  means  of  two  additional  muscles,  the 
Transversalis  colli  and  Trachelo-mastoid. 

The  Transversalis  colli  (or  cervicis),  placed  on  the  inner  side  of  the  Longis- 
simus dorsi,  arises  by  long  thin  tendons  from  the  summits  of  the  transverse  pro- 
cesses of  the  six  upper  dorsal  vertebrae,  and  is  inserted  by  similar  tendons  into 
the  posterior  tubercles  of  the  transverse  processes  of  the  cervical  vertebrae  from 
the  second  to  the  sixth. 

The  Trachelo-mastoid  lies  on  the  inner  side  of  the  preceding,  between  it  and  the 
Complexus  muscle.  It  arises,  by  four  tendons,  from  the  transverse  processes  of 
the  third,  fourth,  fifth,  and  sixth  dorsal  vertebrae,  and  by  additional  separate 
tendons  from  the  articular  processes  of  the  three  or  four  lower  cervical.  The  fibres 
form  a  small  muscle,  which  ascends  to  be  inserted  into  the  posterior  margin  of 
the  mastoid  process,  beneath  the  Splenius  and  Sterno-mastoid  muscles.  This 
small  muscle  is  almost  always  crossed  by  a  tendinous  intersection  near  its  insertion 
into  the  mastoid  process.^ 

Relations. — The  Erector  spinae  and  its  prolongations  are  bound  down  to  the 
vertebrae  and  ribs  in  the  lumbar  and  dorsal  regions  by  the  lumbar  fascia  and  the 
vertebral  aponeurosis.  The  inner  part  of  these  muscles  covers  the  muscles  of  the 
fifth  layer.  In  the  neck  they  are  in  relation,  by  their  superficial  surfacey  with  the 
Trapezius  and  Splenius ;  by  their  deep  surface^  with  the  Semispinalis  dorsi  et  colli 
and  the  Recti  and  Obliqui. 

The  Spinalis  dorsi  connects  the  spinous  processes  of  the  upper  lumbar  and  the 
dorsal  vertebrae  together  by  a  series  of  muscular  and  tendinous  slips  which  are 
intimately  blended  with  the  Longissimus  dorsi.  It  is  situated  at  the  inner  side  of 
the  Longissimus  dorsi,  arising,  by  three  or  four  tendons,  from  the  spinous  pro- 
cesses of  the  first  two  lumbar  and  the  last  two  dorsal  vertebrae :  these,  uniting, 
form  a  small  muscle,  which  is  inserted,  by  separate  tendons,  into  the  spinous  pro- 
cesses of  the  dorsal  vertebrae,  the  number  varying  from  four  to  eight.  It  is 
intimately  united  with  the  Semispinalis  dorsi,  which  lies  beneath  it. 

The  Spinalis  colli  is  a  small  muscle,  connecting  together  the  spinous  processes 
of  the  cervical  vertebrae,  and  analogous  to  the  Spinalis  dorsi  in  the  dorsal  region. 
It  varies  considerably  in  its  size  and  in  its  extent  of  attachment  to  the  vertebrae, 
not  only  in  different  bodies,  but  on  the  two  sides  of  the  same  body.  It  usually 
arises  by  fleshy  or  tendinous  slips,  varying  from  two  to  four  in  number,  from  the 

^  This  muscle  is  sometimes  called  ^'  Cervicalis  descendcDS."  The  student  should  remember 
that  these  long  muscles  take  their  fixed  point  from  above  or  from  below  according  to  circumstances. 

"^  These  two  muscles  are  sometimes  described  as  one,  having  a  common  origin,  but  dividing  above 
at  their  insertion.     The  Trachelo-mastoid  is  then  termed  the  TransoerscUis  capitis. 
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spinous  processes  of  the  fifth,  sixth,  and  se\ienth  cervical  vertebrae,  and  occasionally 
from  the  first  and  second  dorsal,  and  is  inserted  into  the  spinous  process  of  the 
axis,  and  occasionally  into  the  spinous  processes  of  the  two  vertebrae  below  it. 
This  muscle  was  found  absent  in  five  cases  out  of  twenty-four. 

The  Complexus  is  a  broad  thick  muscle,  situated  at  the  upper  and  back  part  of 
the  neck,  beneath  the  Splenius,  and  internal  to  the  Transversalis  colli  and  Trachelo- 
mastoid.  It  arises,  by  a  series  of  tendons,  about  seven  in  number,  from  the  tips 
of  the  transverse  processes  of  the  upper  three  dorsal  and  seventh  cervical  vertebrae, 
and  from  the  articular  processes  of  the  three  cervical  above  this.  The  tendons, 
uniting,  form  a  broad  muscle,  which  passes  obliquely  upward  and  inward,  and 
is  inserted  into  the  innermost  depression  between  the  two  curved  lines  of  the 
occipital  bone.  This  muscle,  about  its  middle,  is  traversed  by  a  transverse  tendi- 
nous intersection. 

The  Biventer  cervicis  is  a  small  fasciculus,  situated  on  the  inner  side  of  the 
preceding,  and  in  the  majority  of  cases  blended  with  it ;  it  has  received  its  name 
from  having  a  tendon  intervening  between  two  fleshy  bellies.  It  is  sometimes 
described  as  a  separate  muscle,  arising,  by  from  two  to  four  tendinous  slips,  from 
the  transverse  processes  of  as  many  of  the  upper  dorsal  vertebrae,  and  inserted, 
on  the  inner  side  of  the  Complexus,  into  the  superior  curved  line  of  the  occipital 
bone. 

£elations. — The  Complexus  is  covered  by  the  Splenius  and  the  Trapezius.  It 
lies  on  the  Rectus  capitis  posticus  major  and  minor,  the  Obliquus  capitis  superior 
and  inferior,  and  on  the  Semispinalis  colli,  from  which  it  is  separated  by  the  pro- 
funda cervicis  artery,  the  princeps  cervicis  artery,  and  branches  of  the  posterior 
cervical  plexus  of  nerves.  The  Biventer  cervicis  is  separated  from  its  fellow  of 
the  opposite  side  by  the  ligamentum  nuchae. 

Kerves. — The  Erector  spinae  and  its  subdivisions  in  the  dorsal  region  are 
supplied  by  the  external  branches  of  the  posterior  divisions  of  the  lumbar  and 
dorsal  nerves,  while  its  subdivisions  in  the  cervical  region,  the  Transversalis  colli 
and  Trachelo-mastoid,  are  supplied  by  the  external  branches  of  the  posterior 
divisions  of  the  cervical  nerves ;  the  Complexus,  by  the  internal  branches  of  the 
posterior  divisions  of  the  cervical  nerves,  the  suboccipital  and  great  occipital. 
The  Spinalis  colli  is  supplied  by  the  internal  branches  of  the  posterior  divisions 
of  the  cervical  nerves ;  and  the  Spinalis  dorsi,  by  the  internal  branches  of  the  pos- 
terior divisions  of  the  dorsal  nerves. 

Fifth  Layer. 

Semispinalis  dorsi.  Extensor  coccygis. 

Semispinalis  colli.  Intertransversales. 

Multifidus  spinae.  Rectus  capitis  posticus  major. 

Rotatores  spinae.  Rectus  capitis  posticus  minor. 

Supraspinales.  Obliquus  capitis  superior. 

Interspinales.  Obliquus  capitis  inferior. 

Dissection. — Remove  the  muscles  of  the  preceding  layer  by  dividing  and  turning  aside  the 
Complexus ;  then  detach  the  Spinalis  and  Longissimus  dorsi  from  their  attachments,  divide  the 
Erector  spinae  at  its  connection  below  to  the  sacral  and  lumbar  spines,  and  turn  it  outward. 
The  muscles  filling  up  the  interval  between  the  spinous  and  transverse  processes  are  then 
exposed. 

The  Semispinalis  dorsi  (Fig.  288)  consists  of  thin,  narrow,  fleshy  fasciculi 
interposed  between  tendons  of  considerable  length.  It  arises  by  a  series  of  small 
tendons  from  the  transverse  processes  of  the  lower  dorsal  vertebrae,  from  the 
tenth  or  eleventh  to  the  fifth  or  sixth ;  and  is  inserted,  by  five  or  six  tendons, 
into  the  spinous  processes  of  the  upper  four  dorsal  and  lower  two  cervical  vertebrae. 

The  Semispinalis  colli,  thicker  than  the  preceding,  arises  by  a  series  of  tendinous 
and  fleshy  fibres  from  the  transverse  processes  of  the  upper  four  dorsal  vertebrae 
and  from  the  articular  processes  of  the  lower  four  cervical  vertebrae;  and  is 
inserted  into  the  spinous  processes  of  four  cervical  vertebrae,  from  the  axis  to  the 
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fifth  cervical.     The  fasciculus  connected  with  the  axis  is  the  largest,  and  chiefly 
muscular  in  structure. 

Relations. — By  their  superficial  surface^  from  below  upward,  with  the  Spinalis 
dorsi,  Longissimus  dorsi,  Splenius,  Complexus,  the  profunda  cervicis  artery,  the 
princeps  cervicis  artery,  and  the  internal  branches  of  the  posterior  divisions  of 
the  first,  second,  and  third  cervical  nerves ;  by  their  deep  surface^  with  the  Mul- 
tifidus  spinae. 

The  Multifidus  spinsB  consists  of  a  number  of  fleshy  and  tendinous  fasciculi 
which  fill  up  the  groove  on  either  side  of  the  spinous  processes  of  the  vertebne, 
from  the  sacrum  to  the  axis.  In  the  sacral  region  these  fasciculi  arise  from  the 
back  of  the  sacrum,  as  low  as  the  fourth  sacral  foramen,  and  from  the  aponeurosis 
of  origin  of  the  Erector  spinae ;  in  the  iliac  region,  from  the  inner  surface  of  the 
posterior  superior  spine  of  the  ilium  and  posterior  sacro-iliac  ligaments  ;  in  the  lum- 
bar regions,  from  the  articular  processes ;  in  the  dorsal  region,  from  the  trans- 
verse processes ;  and  in  the  cervical  region,  from  the  articular  processes.  Each 
fasciculus,  passing  obliquely  upward  and  inward,  is  inserted  into  the  lamina  and 
whole  length  of  the  spinous  process  of  one  of  the  vertebrae  above.  These  fasciculi 
vary  in  length :  the  most  superficial,  the  longest,  pass  from  one  vertebra  to  the 
third  or  fourth  above ;  those  next  in  order  pass  from  one  vertebra  to  the  second  or 
third  above ;  whilst  the  deepest  connect  two  contiguous  vertebrae. 

Belations. — By  its  superficial  surface,  with  the  Longissimus  dorsi,  Spinalis 
dorsi,  Semispinalis  dorsi,  and  Semispinalis  colli ;  by  its  deep  surface,  with  the 
laminae  and  spinous  processes  of  the  vertebrae,  ajid  with  the  Rotatores  spinae  in 
the  dorsal  region. 

The  Rotatores  spinse  are  found  only  in  the  dorsal  region  of  the  spine,  beneath 
the  Multifidus  spinae ;  they  are  eleven  in  number  on  each  side.  Each  muscle 
is  small  and  somewhat  quadrilateral  in  form ;  it  arises  from  the  upper  and  back 
part  of  the  transverse  process,  and  is  inserted  into  the  lower  border  and  outer 
surface  of  the  lamina  of  the  vertebra  above,  the  fibres  extending  as  far  inward  as 
the  root  of  the  spinous  process.  The  first  is  found  between  the  first  and  second 
dorsal ;  the  last,  between  the  eleventh  and  twelfth.  Sometimes  the  number  of 
these  muscles  is  diminished  by  the  absence  of  one  or  more  from  the  upper  or  lower 
end. 

The  Supraspinales  consist  of  a  series  of  fleshy  bands  which  lie  on  the  spinous 
processes  in  the  cervical  region  of  the  spine. 

The  Interspinaleg  are  short  muscular  fasciculi,  placed  in  pairs  between  the 
spinous  processes  of  the  contiguous  vertebrae,  one  on  each  side  of  the  interspinous 
ligament.  In  the  cervical  region  they  are  most  distinct,  and  consist  of  six  pairs, 
the  first  being  situated  between  the  axis  and  third  vertebra,  and  the  last  between 
the  last  cervical  and  the  first  dorsal.  They  are  small  narrow  bundles,  attached, 
above  and  below,  to  the  apices  of  the  spinous  processes.  In  the  dorsal  region 
they  are  found  between  the  first  and  second  vertebrae,  and  occasionally  between 
the  second  and  third ;  and  below,  between  the  eleventh  and  twelfth.  In  the 
lumbar  region  there  are  four  pairs  of  these  muscles  in  the  intervals  between  the 
five  lumbar  vertebrae.  There  is  also  occasionally  one  in  the  interspinous  space, 
between  the  last  dorsal  and  first  lumbar,  and  between  the  fifth  lumbar  and  the 
sacrum. 

The  Extensor  coccygis  is  a  slender  muscular  fasciculus,  occasionally  present, 
which  extends  over  the  lower  part  of  the  posterior  surface  of  the  sacrum  and 
coccyx.  It  arises  by  tendinous  fibres  from  the  last  bone  of  the  sacrum  or  first 
piece  of  the  coccyx,  and  passes  downward  to  be  inserted  into  the  lower  part  of 
the  coccyx.  It  is  a  rudiment  of  the  Extensor  muscle  of  the  caudal  vertebrae 
which  exists  in  some  animals. 

The  Intertransversales  are  small  muscles  placed  between  the  transverse  pro- 
cesses of  the  vertebrae.  In  the  cervical  region  they  are  most  developed,  consisting 
of  rounded  muscular  and  tendinous  fasciculi,  which  are  placed  in  pairs,  passing 
between  the  two  anterior  and  the  two  posterior  tubercles  of  the  transverse  processes 
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of  two  contiguous  vertebrae,  separated  from  one  another  by  the  anterior  division  of 
the  cervical  nerve,  which  lies  in  the  groove  between  them.  In  this  region  there 
are  seven  paira  of  these  muscles,  the  first  pair  being  between  the  atlas  and  axis, 
and  the  last  pair  between  the  seventh  cervical  and  first  dorsal  vertebrae.  In  the 
dorml  region  they  are  least  developed,  consisting  chiefly  of  rounded  tendinous 
cords  in  the  intertransverse  spaces  of  the  upper  dorsal  vertebrae ;  but  between  the 
transverse  processes  of  the  lower  three  dorsal  vertebrae,  and  between  the  transverse 
processes  of  the  last  dorsal  and  the  first  lumbar,  they  are  muscular  in  structure. 
In  the  lumbar  region  they  are  four  in  number,  and  consist  of  a  single  muscular 
layer,  which  occupies  the  entire  interspace  between  the  transverse  processes  of  the 
lower  lumbar  vertebrae,  whilst  those  between  the  transverse  processes  of  the  upper 
lumbar  are  not  attached  to  more  than  half  the  breadth  of  the  process. 

The  Bectus  capitis  posticus  major  arises  by  a  pointed  tendinous  origin  from  the 
spinous  process  of  the  axis,  and,  becoming  broader  as  it  ascends,  is  inserted  into 
the  inferior  curved  line  of  the  occipital  bone  and  the  surface  of  bone  immediately 
below  it.  As  the  muscles  of  the  two  sides  pass  upward  and  outward,  they  leave 
between  them  a  triangular  space,  in  which  are  seen  the  Recti  capitis  postici 
minores  muscles. 

Belations. — By  its  superficial  surface,  with  the  Complexus,  and,  at  its  inser- 
tion, with  the  Superior  oblique  ;  by  its  deep  surface,  with  part  of  the  Rectus  capitis 
posticus  minor,  the  posterior  arch  ef  the  atlas,  the  posterior  occipito-atlantal  liga- 
ment, and  part  of  the  occipital  bone. 

The  Rectus  capitis  posticus  minor,  the  smallest  of  the  four  muscles  in  this 
region,  is  of  a  triangular  shape ;  it  arises  by  a  narrow  pointed  tendon  from  the 
tubercle  on  the  posterior  arch  of  the  atlas,  and,  becoming  broader  as  it  ascends,  is 
inserted  into  the  rough  surface  beneath  the  inferior  curved  line,  nearly  as  far  as 
the  foramen  magnum,  nearer  to  the  middle  line  than  the  preceding. 

Relations. — By  its  superfi/nal  surface,  with  the  Complexus  and  the  Rectus 
capitis  posticus  major ;  by  its  deep  surface,  with  the  posterior  occipito-atlantal 
ligament. 

The  Obliqnas  capitis  inferior,  the  larger  of  the  two  Oblique  muscles,  arises 
from  the  apex  of  the  spinous  process  of  the  axis,  and  passes  almost  horizontally 
outward,  to  be  inserted  into  the  lower  and  back  part  of  the  transverse  process  of 
the  atlas. 

Relations. — By  its  superficial  surface,  with  the  Complexus  and  with  the  pos- 
terior division  of  the  second  cervical  nerve,  which  crosses  it ;  by  its  deep  surface, 
with  the  vertebral  artery  and  posterior  atlan to-axial  ligament. 

The  Obliquns  capitis  superior,  narrow  below,  wide  and  expanded  above,  arises 
by  tendinous  fibres  from  the  upper  surface  of  the  transverse  process  of  the  atlas, 
joining  with  the  insertion  of  the  preceding,  and,  passing  obliquely  upward  and 
inward,  is  inserted  into  the  occipital  bone,  between  the  two  curved  lines,  external 
to  the  Complexus. 

Relations. — By  its  superficial  surface,  with  the  Complexus  and  Trachelo-mastoid. 
By  its  deep  surface^  with  the  posterior  occipito-atlantal  ligament. 

Tlie  Suboccipital  Triangle. — Between  the  two  oblique  muscles  and  the  Rectus 
capitis  posticus  major  a  triangular  interval  exists,  the  suboccipital  triangle.  This 
triangle  is  bounded,  above  and  internally,  by  the  Rectus  capitis  posticus  major ; 
above  and  externally,  by  the  Obliquus  capitis  superior ;  below  and  externally,  by  the 
Obliquus  capitis  inferior.  It  is  covered  in  by  a  layer  of  dense  fibro-fatty  tissue, 
situated  beneath  the  Complexus  muscle.  The  floor  is  formed  by  the  posterior 
occipito-atlantal  ligament,  the  posterior  arch  of  the  atlas,  and  the  posterior  atlanto- 
axial ligament.  It  contains  the  vertebral  artery,  as  it  runs  in  a  deep  groove  on  the 
upper  surface  of  the  posterior  arch  of  the  atlas,  and  the  posterior  division  of  the 
suboccipital  nerve. 

Nerves. — The  Semispinalis  dorsi  and  Rotatores  spinae  are  supplied  by  the 
internal  branches  of  the  posterior  divisions  of  the  dorsal  nerves ;  the  Semispinalis 
colli,  by  the  internal  branches  of  the  posterior  divisions  of  the  cervical  nerves ;  the 
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Supraspinales  and  Interspinales  are  supplied  by  the  internal  branches  of  the  posterior 
divisions  of  the  cervical,  dorsal,  and  lumbar  nerves  in  the  respective  regions;  the 
Intertransversales,  by  the  internal  branches  of  the  posterior  divisions  of  the  cervical, 
dorsal,  and  lumbar  nerves ;  the  Multifidus  spinas,  by  the  same,  with  the  addition 
of  the  internal  branches  of  the  posterior  divisions  of  the  sacral  nerves.  The  Recti 
and  Obliqui  muscles  are  all  supplied  by  the  suboccipital  nerve ;  the  Inferior  oblique 
is  also  supplied  by  the  great  occipital  nerve. 

Actions. — ^When   both  the  Spinales  dorsi  contract,  they  extend    the   dorsal 
region  of  the  spine ;  when  only  one  muscle  contracts,  it  helps  to  bend  the  dorsal 
portion  of  the  spine  to  one  side.      The  Erector  spinse,  comprising  the  Ilio-costalis 
and  the  Longissimus  dorsi  with  their  accessory  muscles,  serves,  as  its  name  implies, 
to  maintain  the  spine  in  the  erect  posture ;  it  also  serves  to  bend  the  trunk  back- 
ward when  it  is  required  to  counterbalance  the  influence  of  any  weight  at  the 
front  of  the  body,  as,  for  instance,  when  a  heavy  weight  is  suspended  from  the 
neck,  or  when  there  is  any  great  abdominal  distension,  as  in  pregnancy  or  dropsy ; 
the  peculiar  gait  under  such  circumstances  depends  upon  the  spine  being  drawn 
backward  by  the  counterbalancing  action  of  the  Erector  spinae  muscles.      The 
muscles  which  form   the  continuation   of  the  Erector  spinae  upward  steady  the 
head  and  neck,  and  fix  them  in  the  upright  position.     If  the  Ilio-costalis  and 
Longissimus  dorsi  of  one  side  act,  they  serve  to  draw  down  the  chest  and  spine  to 
the  corresponding  side.     The  Cervicales  ascendens,  taking  their  fixed  points  from 
the  cervical  vertebrae,  elevate  those  ribs  to  which  they  are  attached ;  taking  their  fixed 
points  from  the  ribs,  both  muscles  help  to  extend  the  neck ;  while  one  muscle 
bends  the  neck  to  its  own  side.     The  Transversalis  colli,  when  both  muscles  act, 
taking  their  fixed  point  from  below,  bend  the  neck  backward.     The  Trachelo- 
mastoid,  when  both  muscles  act,  taking  their  fixed  point  from  below,  bend  the  head 
backward ;  while,  if  onlv  one  muscle  acts,  the  face  is  turned  to  the  side  on  which 
the  muscle  is  acting,  and  then  the  head  is  bent  to  the  shoulder.     The  two  Recti 
muscles  draw  the  head  backward.     The  Rectus  capitis  posticus  major,  owing  to 
its  obliquity,  rotates  the  cranium,   with  the   atlas,  round  the  odontoid  process, 
turning  the  face  to  the  same  side.     The  Multifidus  spinae  acts  successively  upon  the 
different  parts  of  the  spine ;  thus,  the  sacrum  furnishes  a  fixed  point  from  which 
the  fasciculi  of  this  muscle  act  upon  the  lumbar  region ;  these  then  become  the 
fixed  points  for  the  fasciculi  moving  the  dorsal  region,  and  so  on  throughout  the 
entire  length  of  the  spine;  it  is  by  the  successive  contraction  and  relaxation  of 
the  separate  fasciculi  of  this  and  other  muscles  that  the  spine  preserves  the  erect 
posture  without  the  fatigue  that  would  necessarily  have  been  produced  had  this 
position  been  maintained  by  the  action  of  a  single  muscle.     The  Multifidus  spinae, 
besides  preserving  the  erect  position  of  the  spine,  serves  to  rotate  it,  so  that  the 
front  of  the  trunk  is  turned  to  the  side  opposite  to  that  from  which  the  muscle 
acts,  this  muscle  being  assisted  in  its  action  by  the  Obliquus  externus  abdominis. 
The  Complexi  draw  the  head  directly  backward :  if  one  muscle  acts,  it  draws 
the  head  to  one  side,  and  rotates   it  so  that  the  face  is  turned  to  the  opposite 
side.     The  Superior  oblique  draws  the  head  backward,  and,  from  the  obliquity 
in  the  direction  of  its  fibres,  will  slightly  rotate  the  cranium,  turning  the  face  to 
the  opposite  side.     The  Obliquus  capitis  inferior  rotates  the  atlas,  and  with  it  the 
cranium,  round  the  odontoid  process,  turning  the  face  to  the  same  side.     The 
Semispinal es,  when  the  muscles  of  the  two  sides  act  together,  help  to  extend  the 
spine ;  when  the  muscles  of  one  side  only  act,  they  rotate  the  dorsal  and  cervical 
parts  of  the  spine,  turning  the  body  to  the  opposite  side.     The  Supraspinales  and 
Interspinales  by  approximating  the  spinous  processes  help  to  extend  the  spine. 
The  Intertransversales  approximate  the  transverse  processes,  and  help  to  bend  the 
spine  to  one  side.     The  Rotatores  spinae  assist  the  Multifidus  spinae  to  rotate  the 
spine,  so  that  the  front  of  the  trunk  is  turned  to  the  side  opposite  to  that  from 
which  the  muscle  acts. 

Surface  Forms. — The  surface  forms  produced  by  the  muscles  of  the  back  are  numerous  and 
diflicult  to  analyze  unless  they  are  considered  in  sj'stematic  order.     The  most  superficial  layer, 
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oonsisting  of  large  strata  of  muscular  substance,  influences  to  a  certain  extent  the  surface  form, 
and  at  the  same  time  reveals  the  forms  of  the  layers  beneath.  The  Trapezius  at  the  upper  part 
of  the  back,  and  in  the  neck,  covers  over  and  softens  down  the  outline  of  the  underlying  muscles. 
Its  anterior  border  forms  the  posterior  boundary  of  the  posterior  triangle  of  the  neck.  It  forms 
a  slight  undulating  ridge  whicn  passes  downward  and  forward  from  tne  occiput  to  the  junction 
of  the  middle  and  outer  third  of  the  clavicle.  The  tendinous  ellipse  formed  by  a  part  of  the 
origin  of  the  two  muscles  at  the  back  of  the  neck  is  always  to  oe  seen  as  an  oval  depression, 
more  marked  when  the  muscle  is  in  action.  A  slight  dimple  on  the  skin  opposite  the  interval 
between  the  spinous  processes  of  the  third  and  fourth  dorsal  vertebrae  marks  the  triangular 
aponeurosis  by  which  the  inferior  fibres  are  inserted  into  the  root  of  the  spine  of  the  scapula. 
From  this  point  the  inferior  border  of  the  muscle  may  be  traced  as  an  undulating  ridge  to  the 
spinous  process  of  the  twelfth  dorsal  vertebra.  In  like  manner,  the  Latmimm  dorsi  softens 
down  ana  modulates  the  underlying  structures  at  the  lower  part  of  the  back  and  lower  part  of 
the  side  of  the  chest.  In  this  way  it  modulates  the  outline  oi  the  Erector  spin« ;  of  the  Serratus 
posticus  inferior,  which  is  sometimes  to  be  discerned  through  it,  and  is  sometimes  entirely 
obscured  by  it ;  of  part  of  the  Serratus  magnus  and  Superior  obliqiie,  which  it  covers ;  and  of 
the  convex  oblique  ridges  formed  by  the  ribs  with  the  intervenmg  intercostal  spaces.  The 
anterior  border  of  the  muscle  is  the  only  part  which  gives  a  distinct  surface  form.  This  border 
may  be  traced,  when  the  muscle  is  in  action,  as  a  rounded  edge,  starting  from  the  crest  of  the 
ilium,  and  passing  obliquely  forward  and  upward  to  the  posterior  border  of  the  axilla,  where  it 
combines  with  the  Teres  major  in  forming  a  thick  rounded  fold,  the  posterior  boundary  of  the 
axillary  space.  The  muscles  in  the  second  layer  influence  to  a  very  considerable  extent  the  surface 
form  of  the  back  of  the  neck  and  upper  part  of  the  trunk.  The  Levator  anguli  scapufce  reveals 
itself  as  a  prominent  divergent  line,  running  downward  and  outward,  from  the  transverse  pro- 
cesses of  tne  upper  cervical  vertebrae  to  the  angle  of  the  scapula,  covered  over  and  toned  down 
by  the  overlying  Trapezius.  The  Rhomboidei  produce,  when  in  action,  a  vertical  eminence 
between  the  internal  border  of  the  scapula  and  the  spinal  furrow,  varying  in  intensity  according 
to  the  condition  of  contraction  or  relaxation  of  the  Trapezius  muscle,  by  which  they  are  for  the 
most  part  covered.  The  lowermost  part  of  the  Rhomboideus  major  is  uncovered  by  the  Trapezius, 
and  forms  on  the  surface  an  oblique  ridge  running  upward  and  inward  ftt)m  the  inferior  angle 
of  the  scapula.  Of  the  muscles  of  the  third  layer  of  the  back,  the  Sert'atwt  posticus  superior 
does  not  in  any  way  influence  surface  form.  The  Serratus  posticus  inferior^  when  in  strong 
action,  may  occasionally  be  revealed  as  an  elevation  beneath  the  Latissimus  dorsi.  The  Spleiiit 
by  their  divergence  serve  to  broaden  out  the  upper  part  of  the  back  of  the  neck  and  produce  a 
local  fulness  in  this  situation,  but  do  not  otherwise  influence  surface  form.  Beneath  all  these 
mosdes  those  of  the  fourth  layer — ^the  Erector  spincp.  and  its  continuations — influence  the  surface 
fonn  in  a  decided  manner.  In  the  loins,  the  Erector  spinae,  bound  down  by  the  lumbar  fascia, 
forms  a  rounded  vertical  eminence,  which  determines  the  depth  of  the  spinal  furrow,  and  which 
below  tapers  to  a  point  on  the  posterior  surface.of  the  sacrum  and  becomes  lost  there.  In  the 
back  it  forms  a  flattened  plane  which  gradually  becomes  lost.  In  the  neck  the  only  part  of  this 
group  of  muscles  which  influences  surface  form  is  the  Trachelo-mastoid,  which  produces  a  short 
convergent  line  across  the  upper  part  of  the  posterior  triangle  of  the  neck,  appearing  from 
under  cover  of  the  posterior  border  of  the  Stcmo-mastoid  and  being  lost  below  beneath  the 
Trapezius. 

THE  THORAX. 

The  Muscles  exclusively  connected  with  the  bones  in  this  region  are  few  in 
number.     They  are  the 

Intercos tales  externi.  Infracostales. 

Intercostales  interni.  Triangularis  sterni. 

Levatores  costarum. 

Intercostal  Fascto. — A  thin  but  firm  layer  of  fascia  covers  the  outer  surface  of 
the  External  intercostal  and  the  inner  surface  of  the  Internal  intercostal  muscles ; 
and  a  third  layer,  the  middle  intercostal  fascia,  more  delicate,  is  interposed  between 
the  two  planes  of  muscular  fibres.  These  are  the  intercostal  fasciae  ;  they  are  best 
marked  in  those  situations  where  the  muscular  fibres  are  deficient,  as  between  the 
External  intercostal  muscles  and  sternum,  in  front,  and  between  the  Internal 
intercostals  and  spine,  behind. 

The  Intercostal  muscles  (Fig.  299)  are  two  thin  planes  of  muscular  and  tendinous 
fibres,  placed  one  over  the  other,  filling  up  the  intercostal  spaces,  and  being  directed 
obliquely  between  the  margins  of  the  adjacent  ribs.  They  have  received  the  name 
**  external "  and  "  internal  "  from  the  position  they  bear  to  one  another.  The 
tendinous  fibres  are  longer  and  more  numerous  than  the  muscular ;  hence  the  walls 
of  the  intercostal  spaces  possess  very  considerable  strength,  to  which  the  crossing  of 
the  muscular  fibres  materially  contributes. 
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The  External  Intercostals  are  eleven  in  number  on  each  side.  Thev  extend 
from  the  tubercles  of  the  ribs,  behind,  to  the  commencement  of  the  cartilages  of 
the  ribs,  in  front,  where  they  terminate  in  a  thin  membranous  aponeurosis,  which 
is  continued  forward  to  the  sternum.  They  arise  from  the  low^er  border  of  each 
rib,  and  are  inserted  into  the  upper  border  of  the  rib  below.  In  the  two  lowest 
spaces  they  extend  to  the  end  of  the  cartilages.  Their  fibres  are  directed  obliquely 
downward  and  forward,  in  a  similar  direction  with  those  of  the  External  oblique 
muscle  of  the  abdomen.     They  are  thicker  than  the  Internal  intercostals. 

Relations. — By  their  outer  surface^  with  the  muscles  which  immediately  invest 
the  chest — viz.  the  Pectoralis  major  and  minor,  Serratus  magnus,  and  Rhomboideus 
major,  Serratus  posticus  superior  and  inferior,  Scalenus  posticus,  Ilio-costalis, 
Longissimus  dorsi,  Cervicalis  ascendens,  Transversalis  colli,  Levatores  costanim, 
and  the  Obliquus  externus  abdominis ;  by  their  internal  surface^  with  the  middle 
intercostal  fascia,  which  separates  them  from  the  intercostal  vessels  and  nerve,  and 
the  Internal  intercostal  muscles,  and,  behind,  from  the  pleura. 

The  Internal  intercostals  are  also  eleven  in  number  on  each  side.  Thev 
commence  anteriorly  at  the  sternum,  in  the  interspaces  between  the  cartilages  of 
the  true  ribs,  and  from  the  anterior  extremities  of  the  cartilages  of  the  false  ribs, 
and  extend  backward  as  far  as  the  angles  of  the  ribs,  whence  they  are  continued 
to  the  vertebral  column  by  a  thin  aponeurosis.  They  arise  from  the  ridge  on  the 
inner  surface  of  each  rib,  as  well  as  from  the  corresponding  costal  cartilage,  and 
are  inserted  into  the  upper  border  of  the  rib  below.  Their  fibres  are  directed 
obliquely  downward  and  backward,  passing  in  the  opposite  direction  to  the  fibre? 
of  the  External  intercostal  muscle. 

Relations. — By  their  external  surface^  with  the  intercostal  vessels  and  nerves, 
and  the  middle  intercostal  fascia,  which  separates  them  from  the  External  inter- 
costal muscles ;  by  their  internal  surface^  with  the  internal  intercostal  fascia, 
which  separates  them  from  the  pleura  costalis.  Triangularis  sterni,  and  Diaphragm. 

The  Infracostales  (subcostales)  consist  of  muscular  and  aponeurotic  fasciculi, 
which  vary  in  number  and  length  :  they  are  placed  on  the  inner  surface  of  the  ribs, 
where  the  Internal  intercostal  muscles  cease ;  they  arise  from  the  inner  surface  of 
one  rib,  and  are  inserted  into  the  inner  surface  of  the  first,  second,  or  third  rib 
below.  Their  direction  is  most  usually  oblique,  like  the  Internal  intercostals. 
They  are  most  frequent  between  the  lower  ribs. 

The  Triangularis  sterni  is  a  thin  plane  of  muscular  and  tendinous  fibres, 
situated  upon  the  inner  wall  of  the  front  of  the  chest.  It  arises  from  the  lower 
part  of  the  side  of  the  sternum,  from  the  inner  surface  of  the  ensiform  cartilage, 
and  from  the  sternal  ends  of  the  costal  cartilages  of  the  three  or  four  lower  true 
ribs.  Its  fibres  diverge  upward  and  outward,  to  be  inserted  by  fleshy  digitations 
into  the  lower  border  and  inner  surfaces  of  the  costal  cartilages  of  the  second, 
third,  fourth,  and  fifth  ribs.  The  lowest  fibres  of  this  muscle  are  horizontal  in 
their  direction,  and  are  continuous  with  those  of  the  Transversalis ;  those  which 
succeed  are  oblique,  whilst  the  superior  fibres  are  almost  vertical.  This  muscle 
varies  much  in  its  attachment,  not  only  in  different  bodies,  but  on  opposite  sides 
of  the  same  body. 

Relations. — In  fronts  with  the  sternum,  ensiform  cartilage,  costal  cartilages. 
Internal  intercostal  muscles,  and  internal  mammary  vessels;  behind^  with  the 
pleura,  pericardium,  and  anterior  mediastinum. 

The  Levatores  Costanim  (Fig.  288),  twelve  in  number  on  each  side,  are  small 
tendinous  and  fleshy  bundles,  which  arise  from  the  extremities  of  the  transverse 
processes  of  the  seventh  cervical  and  eleven  upper  dorsal  vertebrae,  and,  passing 
obliquely  downward  and  outward,  are  inserted  into  the  upper  border  of  the  rib 
below  them,  between  the  tubercle  and  the  angle.  That  for  the  first  rib  arises 
from  the  transverse  process  of  the  last  cervical  vertebra,  and  that  for  the  last  from 
the  eleventh  dorsal.  The  Inferior  levatores  divide  into  two  fasciculi,  one  of  which 
is  inserted  as  above  described ;  the  other  fasciculus  passes  down  to  the  second  rib 
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below  its  origin  ;  thus,  each  of  the  lower  ribs  receives  fibres  from  the  transverse 
processes  of  two  vertebrae. 

Nerves. — The  muscles  of  this  group  are  supplied  by  the  intercostal  nerves. 

Actions. — The  Intercostala  are  the  chief  agents  in  the  movement  of  the  riba 


in  ordinary  respiration.  When  the  first  rib  is  elevated  and  fixed  by  the  Scaleui,  the 
External  intereostals  raise  the  other  ribs,  especially  their  fore  part,  and  so  increase 
the  capacity  of  the  chest  from  before  backward ;  at  the  same  time  they  evert  their 
lower  borders,  and  so  enlarge  the  thoracic  cavity  transversely.  The  Internal 
intereostals,  at  the  side  of  the  thorax,  depress  tue  ribs  and  invert  their  lower 
borders,  and  so  diminish  the  thoracic  cavity  ;  but  at  the  fore  part  of  the  chest  these 
muscles  assist  the  External  intereostals  in  raising  the  cartilages.'     The  Levatures 

'  The  view  of  the  action  of  the  Intercnstnl  muscles  giren  in  the  leit  is  that  which  ia  taught  \iy 
Hulchinson  (Q/ci,  of  Anat.  nad  Pkys,,  art.  "Thorax  "|,  and  is  usually  adapted  in  our  schools.  It  is, 
however,  much  disputed.  Haniberi^r  ijelieved  that  the  £iternnl  intereostals  act  as  elevators  of  the 
ribs,  or  muscles  of  inspiration,  white  the  Internal  act  in  expimtion.  Ualler  Inueht  that  both  sets  of 
muscles  act  in  common — vji.  as  muscles  of  inspiration — and  this  view  is  adi>|)ted  by  many  of  the  best 
anatomists  of  the  (Vintinent,  and  nppeara  aup|)Orted  by  many  observations  made  on  the  human  subject 
under  varioua  conditions  of  disease,  and  on  living  animals  after  the  muscles  have  been  exposed  under 
chloroform.  The  reader  may  consult  an  interesting  paper  by  Dr.  Cleland  in  the  Joamalof  Anal,  and 
Phi/e.  No.  II.,  May,  1867,  p.  20'.i,  "Onthe  Hutchinsonian  Theory  of  the  Action  of  the' Intercostal 
Muscles,"  who  refers  also  to  Henle,  Luschka,  Budge,  and  Baumler,  Ohtermfunu  on  ihe  Alston  r^  Ihe 
hfercosud  Afascle^,  Erlangen,  I860.  (In  MwSsd.Soc.'iYem-Bookfor  1861,  p.  69.)  Dr.  W.  W.  Keen  haa 
come  to  the  conclusion,  from  experiments  made  upon  a  criminal  executed  by  hanging,  that  the  Extcr- 
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costarum  assist  the  External  intercostals  in  raising  the  ribs.  The  Triangularis 
sterni  draws  down  the  costal  cartilages ;  it  is  therefore  an  expiratory  muscle. 

Muscles  of  Inspiration  and  Expiration. — The  muscles  which  assist  the  action 
of  the  Diaphragm  in  ordinary  tranquil  inspiration  are  the  Intercostals  and  the 
Levatores  costarum,  as  above  stated,  and  the  Scaleni.  When  the  need  for  more 
forcible  action  exists,  the  shoulders  and  the  base  of  the  scapula  are  fixed,  and  then 
the  powerful  muscles  of  forced  inspiration  come  into  play ;  the  chief  of  these  are 
the  Trapezius,  the  Pectoralis  minor,  the  Serratus  posticus  superior  and  inferior, 
and  the  Rhomboidei.  The  lower  fibres  of  the  Serratus  magnus  may  possibly  assist 
slightly  in  dilating  the  chest  by  raising  and  everting  the  ribs.  The  Sterno- 
mastoid  also,  when  the  head  is  fixed,  assists  in  forced  inspiration  by  drawing  up 
the  sternum  and  by  fixing  the  clavicle,  and  thus  affording  a  fixed  point  for  the 
action  of  the  muscles  of  the  chest.  The  Ilio-costalis  and  Quadratus  lumborum 
assist  in  forced  inspiration  by  fixing  the  last  rib  (see  page  460). 

The  ordinary  action  of  expiration  is  hardly  effected  by  muscular  force,  but 
results  from  a  return  of  the  walls  of  the  thorax  to  a  condition  of  rest,  owing  to 
their  own  elasticity  and  to  that  of  the  lungs.  Forced  expiratory  actions  are 
performed  mainly  by  the  flat  muscles  (Obliqui  and  Transversalis)  of  the  abdomen, 
assisted  also  by  the  Rectus.  Other  muscles  of  forced  expiration  are  the  Internal 
intercostals  and  Triangularis  sterni  (as  above  mentioned),  the  Quadratus  lumborum, 
and  the  Ilio-costalis. 

THE  DIAPHBAGMATIC  REGION. 

Diaphragm. 

The  Diaphragm  (8ed<ppayfia^  a  partition  wall )  (Fig.  290)  is  a  thin  musculo- 
fibrous  septum,  placed  obliquely  at  the  junction  of  tne  upper  with  the  middle  third 
of  the  trunk,  and  separating  the  thorax  from  the  abdomen,  forming  the  floor  of  the 
former  cavity  and  the  roof  of  the  latter.  It  is  elliptical,  its  longest  diameter  being 
from  side  to  side,  somewhat  fan-shaped,  the  broad  elliptical  portion  being  hori- 
zontal, the  narrow  part,  which  represents  the  handle  of  the  fan,  vertical,  and 
joined  at  right  angles  to  the  former.  It  is  from  this  circumstance  that  some 
anatomists  describe  it  as  consisting  of  two  portions,  the  upper  or  great  muscle  of 
the  Diaphragm,  and  the  lower  or  lesser  muscle.  It  arises  from  the  whole  of  the 
internal  circumference  of  the  thorax ;  being  attached,  in  front,  by  fleshy  fibres  to 
the  ensiform  cartilage ;  on  either  side,  to  the  inner  surface  of  the  cartilages  and 
bony  portions  of  the  six  or  seven  inferior  ribs,  interdigitating  with  the  Transver- 
salis ;  and  behind,  to  two  aponeurotic  arches,  named  the  ligamentum  arcvxitum 
externum  et  internum,  and  to  the  lumbar  vertebrae.  The  fibres  from  these  sources 
vary  in  length ;  those  arising  from  the  ensiform  appendix  are  very  short  and 
occasionally  aponeurotic ;  those  from  the  ligamenta  arcuata,  and  more  especially 
those  from  the  cartilages  of  the  ribs  at  the  side  of  the  chest,  are  longer,  describe 
well-marked  curves  as  they  ascend,  and  finally  converge  to  be  inserted  into  the 
circumference  of  the  central  tendon.  Between  the  sides  of  the  muscular  slip  from 
the  ensiform  appendix  and  the  cartilages  of  the  adjoining  ribs  the  fibres  of  the 
Diaphragm  are  deficient,  the  interval  being  filled  by  areolar  tissue,  covered  on  the 
thoracic  side  by  the  pleurae;  on  the  abdominal,  by  the  peritoneum.  This  is, 
consequently,  a  weak  point,  and  a  portion  of  the  contents  of  the  abdomen  may 
protrude  into  the  chest,  forming  phrenic  or  diaphragmatic  hernia,  or  a  collection 
of  pus  in  the  mediastinum  may  descend  through  it,  so  as  to  point  at  the 
epigastrium. 

The  Ugamentum  arcuatum  internum  is  a  tendinous  arch,  thrown  across  the 
upper  part  of  the  Psoas  magnus  muscle,  on  each  side  of  the  spine.  It  is  connected, 
by  one  end,  to  the  outer  side  of  the  body  of  the  first  lumbar  vertebra,  being 
continuous  with  the  outer  side  of  the  tendon  of  the  corresponding  crus ;  and,  by 

nal  intercostals  are  muscles  of  expiration,  as  they  pulled  the  ribs  down,  while  the  Internal  intercostals 
pulled  the  ribs  up  and  are  muscles  of  inspiration  ( Tram.  ColL  Phys.  Philadelphia,  Third  Series,  vol.  i., 
1875,  p.  97). 
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the  other  end,  to  the  front  of  the  transverse  process  of  the  first,  and  sometimes 
also  to  that  of  the  second,  lumbar  vertebra. 

The  ligamentum  arcuatum  externum  is  the  thickened  upper  margin  of  the  ante- 
rior lamella  of  the  lumbar  fascia ;  it  arches  across  the  upper  part  of  the  Quadratus 
luroborum,  being  attached,  by  one  extremity,  to  the  front  of  the  transverse  process 
of  the  first,  sometimes  also  of  the  second,  lumbar  vertebra,  and,  by  the  other,  to 
the  apex  and  lower  margin  of  the  last  rib. 

The  Cnira. — The  Diaphragm  is  connected  to  the  spine  by  two  crura  ot  pillars. 
which  are  situated  on  the  bodies  of  the  lumbar  vertebrae,  on  each  side  of  the  aorta. 
The  crura,  at  their  origin,  are  tendinous  in  structure ;  the  right  crus,  larger  and 
longer  than  the  left,  arising  from  the  anterior  surface  of  the  bodies  and  inter- 
vertebral substances  of  the  three  or  four  upper  lumbar  vertebrse;  the  left,  from 


Fig.  290.— The  Diaphragm.    Under  eurfcpe. 

the  two  upper;  both  blending  with  the  anterior  common  ligament  of  the  spine. 
These  leodinous  portions  of  the  crura  pass  forward  and  inward,  and  gradually 
toQverge  to  meet  in  the  middle  line,  forming  an  arch,  beneath  which  passes  the 
aorta,  vena  azygos  major,  and  thoracic  duct.  From  this  tendinous  arch  muscular 
fibres  arise,  which  diverge,  the  outermost  portion  being  directed  upward  and 
outward  to  the  central  tendon  ;  the  innermost  decussating  in  front  of  the  aorta, 
and  then  diverging,  so  as  to  surround  the  oesophagus  before  ending  in  the  central 
tendon.  The  fibres  derived  from  the  right  crus  are  the  most  numerous  and  puss 
in  front  of  those  derived  from  the  left. 

The  Central  or  Cordiform  Tendon  of  the  Diaphragm  is  a  thin  but  strong 
tendinous  aponeurosis,  situated  at  the  centre  of  the  vault  formed  by  the  muscle, 
immediately  below  the  pericardium,  with  which  its  circumference  is  blended.  It 
IS  shaped  somewhat  like  a  trefoil  leaf,  consisting  of  three  divisions,  or  leaflet.s, 
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separated  from  one  another  by  slight  indentations.  The  right  leaflet  is  the  largest : 
the  middle  one,  directed  toward  the  ensiform  cartilage,  the  next  in  size;  and  the 
left,  the  smallest.  In  structure,  the  tendon  is  composed  of  several  planes  of  fibres, 
which  intersect  one  another  at  various  angles,  and  unite  into  straight  or  curved 
bundles — an  arrangement  which  affords  it  additional  strength. 

The  Openings  connected  with  the  Diaphragm  are  three  large  and  several 
smaller  apertures.  The  former  are  the  aortic,  the  oesophageal,  and  the  opening 
for  the  vena  cava. 

The  aortic  opening  is  the  lowest  and  the  most  posterior  of  the  three  large  aper- 
tures connected  with  this  muscle.  It  is  situated  in  the  middle  line,  immediatelv 
in  front  of  the  bodies  of  the  vertebra ;  and  is,  therefore,  behind  the  Diaphragm, 
not  in  it.  It  is  an  osseo-aponeurotic  aperture,  formed  by  a  tendinous  arch  thrown 
across  the  front  of  the  bodies  of  the  vertebrae,  from  the  crus  on  one  side  to  that 
on  the  other,  and  transmits  the  aorta,  vena  azygos  major,  thoracic  duct,  and 
sometimes  the  left  sympathetic  nerve.  Occasionally  some  tendinous  fibres  are 
prolonged  across  the  bodies  of  the  vertebrae  from  the  inner  part  of  the  lower  end 
of  the  crura,  passing  behind  the  aorta,  and  thus  converting  the  opening  into  a 
fibrous  ring. 

The  oesophageal  opening,  elliptical  in  form,  muscular  in  structure,  and  formed 
by  the  two  crura,  is  placed  above,  and,  at  the  same  time,  anterior,  and  a  little  to 
the  left  of,  the  preceding.  It  transmits  the  oesophagus  and  pneumogastric  nerves. 
The  anterior  margin  of  this  aperture  is  occasionally  tendinous,  being  formed  by  the 
margin  of  the  central  tendon. 

The  opening  for  the  vena  cava  (^foramen  quadratum)  is  the  highest;  it  is  quad- 
rilateral in  form,  tendinous  in  structure,  and  placed  at  the  junction  of  the  right 
and  middle  leaflets  of  the  central  tendon,  its  margins  being  bounded  by  four 
bundles  of  tendinous  fibres,  which  meet  at  right  angles. 

The  right  crits  trn,nsmits  the  sympathetic  and  the  greater  and  lesser  splanchnic 
nerves  of  the  right  side ;  the  left  crus,  the  greater  and  lesser  splanchnic  nerves  of 
the  left  side  and  the  vena  azygos  minor. 

The  Serous  Membranes  in  relation  with  the  Diaphragm  are  four  in  number : 
three  lining  its  upper  or  thoracic  surface ;  one,  its  abdominal.  The  three  serous 
membranes  on  its  upper  surface  are  the  pleura  on  either  side  and  the  serous  layer 
of  the  pericardium,  which  covers  the  middle  portion  of  the  tendinous  centre.  Ihe 
serous  membrane  covering  its  under  surface  is  a  portion  of  the  general  peritoneal 
membrane  of  the  abdominal  cavity. 

The  Diaphragm  is  arched,  being  convex  toward  the  chest  and  concave  to  the 
abdomen.  The  right  portion  forms  a  complete  arch  from  before  backward,  being 
accurately  moulded  over  the  convex  surface  of  the  liver,  and  having  resting  upon 
it  the  concave  base  of  the  right  lung.  The  left  portion  is  arched  from  before  back- 
ward in  a  similar  manner ;  but  the  arch  is  narrower  in  front,  being  encroached  upon 
by  the  pericardium,  and  lower  than  the  right,  at  its  summit,  by  about  three-quarters 
of  an  inch.  It  supports  the  base  of  the  left  lung,  and  covers  the  great  end  of  the 
stomach,  the  spleen,  and  left  kidney.  At  its  circumference  the  Diaphragm  is 
higher  in  the  mesial  line  of  the  body  than  at  either  side ;  but  in  the  middle  of  the 
thorax  the  central  portion,  which  supports  the  heart,  is  on  a  lower  level  than  the 
two  lateral  portions. 

Nerves. — The  Diaphragm  is  supplied  by  the  phrenic  nerves  and  phrenic  plexus 
of  the  sympathetic. 

Actions. — The  Diaphragm  is  the  principal  muscle  of  inspiration.  When  in  a 
condition  of  rest  the  muscle  presents  a  domed  surface,  concave  toward  the  abdo- 
men ;  and  consists  of  a  circumferential  muscular  and  a  central  tendinous  part. 
When  the  muscular  fibres  contract,  they  l)ecome  less  arched,  or  nearly  straight, 
and  thus  cause  the  central  tendon  to  descend,  and  in  consequence  the  level  of  the 
chest-wall  is  lowered,  the  vertical  diameter  of  the  chest  being  proportionally 
increased.  In  this  descent  the  different  i)arts  of  the  tendon  move  unequally. 
The  left  leaflet  descends  to  the  greatest  extent;  the  right  to  a  less  extent,  on 
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account  of  the  liver ;  and  the  central  leaflet  the  least,  because  of  its  connection  to 
the  pericardium.  In  descending  the  diaphragm  presses  on  the  abdominal  viscera, 
and  so  to  a  certain  extent  causes  a  projection  of  the  abdominal  wall ;  but  in  conse- 
quence of  these  viscera  not  yielding  completely,  the  central  tendon  becomes  a  fixed 
point,  and  enables  the  circumferential  muscular  fibres  to  KCtfrom  it,  and  so  elevate 
the  lower  ribs  and  expand  the  lower  part  of  the  thoracic  cavity ;  and  Duchenne 
has  shown  that  the  Diaphragm  has  the  power  of  elevating  the  ribs,  to  which  it 
is  attached,  by  its  contraction,  if  the  abdominal  viscera  are  in  situ^  but  that  if  these 
organs  are  removed,  this  power  is  lost.  When  at  the  end  of  inspiration  the  Dia- 
phragm relaxes,  the  thoracic  walls  return  to  their  natural  position  in  consequence 
of  their  elastic  reaction  and  of  the  elasticity  and  weight  of  the  displaced  viscera.^ 

In  all  expulsive  acts  the  Diaphragm  is  called  into  action,  to  give  additional 
power  to  each  expulsive  effort.  Thus,  before  sneezing,  coughing,  laughing,  and 
crying,  before  vomiting,  previous  to  the  expulsion  of  the  urine  and  fseces,  or  of 
the  foetus  from  the  womb,  a  deep  inspiration  takes  place. 

The  height  of  the  Diaphragm  is  constantly  varying  during  respiration,  the 
mnscle  being  carried  upward  or  downward  from  the  average  level ;  its  height  also 
varies  according  to  the  degree  of  distension  of  the  stomach  and  intestines,  and  the 
size  of  the  liver.  After  a  forced  expiration,  the  right  arch  is  on  a  level,  in  front, 
with  the  fourth  costal  cartilage ;  at  the  side,  with  the  fifth,  sixth,  and  seventh 
ribs ;  and  behind,  with  the  eighth  rib,  the  left  arch  being  usually  from  one  to  two 
ribs'  breadth  below  the  level  of  the  right  one.  In  a  forced  inspiration,  it  descends 
from  one  to  two  inches ;  its  slope  would  then  be  represented  by  a  line  drawn  from 
the  ensiform  cartilage  toward  the  tenth  rib. 

THE  ABDOMEN. 

Superficial  Muscles. 

The  Muscles  in  this  region  are,  the 

Obliquus  Externus. 
Obliquus  Internus. 

Pyramidalis. 

Dissection  (Fi«r.  291).— To  dissect  the  abdominal 
muscrles,  make  a  vertical  incision  from  the  ensiform  car- 
tilage to  the  pubes ;  a  second  incision  from  the  umbilicus 
obliquely  upward  and  outward  to  the  outer  surface  of  the 
ehest,  as  high  as  the  lower  border  of  the  fifth  or  sixth  rib ; 
and  a  third,  commencing  midway  between  the  umbilicus 
and  pubes,  transversely  outward  to  the  anterior  superior 
iliac  spine,  and  along  the  crest  of  the  ilium  as  far  as  its 
posterior  third.  Then  reflect  the  three  flaps  included  be- 
tween "these  incisions  from  within  outward,  in  the  lines  of 
direction  of  the  muscular  fibres.  If  necessary,  the  abdom- 
inal muscles  may  be  made  tense  by  inflating  the  peritoneal 
cavity  through  the  umbilicus. 

The  Superficial  fascia  of  the  abdomen  consists 
over  the  greater  part  of  the  abdominal  wall  of  a 
i'ingle  layer  of  fascia,  which  contains  a  variable 
amount  of  fat ;  but  as  this  layer  approaches  the 
jSXf^m  it  is  easily  divisible  into  two  layers,  be- 
tween which  are  found  the  superficial  vessels  and 
nerves  and  the  superficial  inguinal  lymphatic 
glands.  The  superficial  layer  is  thick,  areolar  in 
texture,  containing  adipose  tissue  in  its  meshes, 
the  quantity  of  which  varies  in  diff'erent  subjects. 
Below  it  passes  over  Poupart's  ligament,  and  is 
continuous  with  the  outer  layer  of  the  superficial 
fascia  of  the  thigh.     In  the  male  this  fascia  is  continued  over  the  penis  and  outer 

*  For  a  detailed  description  of  the  general  relations  of  the  Diaphragm,  and  its  action,  refer  to 
Dr.  Sibson's  Medical  Anatomy. 
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surface  of  the  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  As  it  pas^ 
to  the  scrotum  it  changes  its  character,  becoming  thin,  destitute  of  adipose  tissue 
and  of  a  pale  reddish  color,  and  in  the  scrotum  it  acquires  some  involuntary  mus- 
cular fibres.  From  the  scrotum  it  may  be  traced  backward  to  be  continuous  with 
the  superficial  fascia  of  the  perinaeum.  In  the  female  this  fascia  is  continued  into 
the  labia  majora.  The  deeper  layer  {fascia  of  Scarpa)  is  thinner  and  more  mem- 
branous in  character  than  the  superficial  layer.  In  the  middle  line  it  is  intimately 
adherent  to  the  linea  alba ;  above,  it  is  continuous  with  the  superficial  fascia  over 
the  rest  of  the  trunk  ;  below,  it  blends  with  the  fascia  lata  of  the  thigh  a  little 
below  Poupart's  ligament ;  and  below  and  internally  it  is  continued  over  the  penis 
and  spermatic  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  From  the 
scrotum  it  may  be  traced  backward  to  be  continuous  with  the  deep  layer  of  the 
superficial  fascia  of  the  perinseum.  In  the  female  it  is  continued  into  the  labia 
majora. 

The  External  or  Descending  Oblique  muBcle  (Fig.  292)  is  situated  on  the  side 
and  fore  part  of  the  abdomen  ;  being  the  largest  and  the  most  superficial  of  the 
three  flat  muscles  in  this  region.  It  is  broad,  thin,  and  irregularly  quadrilateral, 
its  muscular  portion  occupying  the  side,  its  aponeurosis  the  anterior  wall,  of  the 
abdomen.  It  arises,  by  eight  fleshy  digitations,  from  the  external  surface  and 
lower  borders  of  the  eight  inferior  ribs ;  these  digitations  are  arranged  in  an 
oblique  line  running  downward  and  backward ;  the  upper  ones  being  attached 
close  to  the  cartilages  of  the  corresponding  ribs  ;  the  lowest,  to  the  apex  of  the 
cartilage  of  the  last  rib ;  the  intermediate  ones,  to  the  ribs  at  some  distance  from 
their  cartilages.  The  five  superior  serrations  increase  in  size  from  above  down- 
ward, and  are  received  between  corresponding  processes  of  the  Serratus  magnus: 
the  three  lower  ones  diminish  in  size  from  above  downward,  receiving  between 
them  corresponding  processes  from  the  Latissimus  dorsi.  From  these  attachments, 
the  fleshy  fibres  proceed  in  various  directions.  Those  from  the  lowest  ribs  pass 
nearly  vertically  downward,  to  be  inserted  into  the  anterior  half  of  the  outer  lip 
of  the  crest  of  the  ilium  ;  the  middle  and'upper  fibres,  directed  downward  and  for- 
ward, terminate  in  tendinous  fibres,  opposite  a  line  drawn  from  the  prominence 
of  the  ninth  costal  cartilage  to  the  anterior  superior  spinous  process  of  the  ilium, 
which  then  spread  out  into  a  broad  aponeurosis. 

The  Aponeurosis  of  the  External  Oblique  is  a  thin,  but  strong  membranous 
aponeurosis,  the  fibres  of  which  are  directed  obliquely  downward  and  outward. 
It  is  joined  with  that  of  the  opposite  muscle  along  the  median  line,  covers  the 
whole  of  the  front  of  the  abdomen ;  above,  it  is  connected  with  the  lower  border 
of  the  Pectoralis  major ;  below,  its  fibres  are  closely  aggregated  together,  and 
extend  obliquely  across  from  the  anterior  superior  spine  of  the  ilium  to  the  spine 
of  the  OS  pubis  and  the  linea  ilio-pectinea.  In  the  median  line  it  interlaces  with 
the  aponeurosis  of  the  opposite  muscle,  forming  the  linea  alba,  which  extends  from 
the  ensiform  cartilage  to  the  symphysis  pubis. 

That  portion  of  the  aponeurosis  which  extends  between  the  anterior  superior 
spine  of  the  ilium  and  the  spine  of  the  os  pubis  is  a  broad  band,  folded  inward, 
and  continuous  below  with  the  fascia  lata;  it  is  called  PoupaHs  ligameyiL  The 
portion  which  is  reflected  from  Poupart's  ligament  at  the  spine  of  the  os  pubi* 
along  the  pectineal  line  is  called  Gimbernat's  ligament.  From  the  point  of  attach- 
ment of  the  latter  to  the  pectineal  line,  a  few  fibres  pass  upward  and  inward, 
behind  the  inner  pillar  of  the  ring,  to  the  linea  alba.  They  diverge  as  they  ascend, 
and  form  a  thin,  triangular,  fibrous  band,  which  is  called  the  triangular  ligament 
of  the  abdomen. 

In  the  aponeurosis  of  the  External  oblique,  immediately  above  the  crest  of  the 
OS  pubis,  is  a  triangular  opening,  the  external  abdominal  ring,,  formed  by  a  separa- 
tion of  the  fibres  of  the  aponeurosis  in  this  situation. 

Relations. — By  its  external  surface^  with  the  superficial  fascia,  superficial 
epigastric  and  circumflex  iliac  vessels,  and  some  cutaneous  nerves ;  by  its  interna^ 
surface,  with  the  Internal  oblique,  the  lower  part  of  the  eight  inferior  ribs,  and 
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Intercostal  muscles,  the  Cremaater,  the  spermatic  cord  in  the  male,  and  round  liga- 
ment in  the  female.  \l&  posterior  border,  extending  from  the  last  rib  to  the  crest 
of  the  ilium,  is  Seshy  throughout  and  free ;  it  is  occasionally  overlapped  by  the 
Latissimus  dorsi,  though  ^generally  a  triangular  interval  exists  between  the  two 
muscles  near  tiie  crest  of  the  ilium,  in  which  is  seen  a  portion  of  the  internal 
obliiiue.     This  triangle,   Petit's  triangle,  is  therefore  bounded  in  front  by  the 
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Via.  293.— The  External  oblique  muacle. 

External  oblique,  behind  by  the  Latissimus  dorsi.  below  by  the  crest  of  the  ilium, 
while  its  floor  is  formed  by  the  Internal  oblique  (Fig.  287), 

The  following  parts  of  the  aponeurosis  of  the  External  oblique  muscle  require 
to  be  further  described  :  viz.  the  external  abdominal  ring,  the  intercolumnar  fibres 
and  fascia,  Poupart's  ligament,  Ginibernat's  ligament,  and  the  triangular  ligament 
of  the  abdomen. 

The  External  Abdominal  Ring. — Just  above,  and  to  the  outer  side  of  the  crest 
of  the  09  pubis,  an  interval  is  seen  in  the  aponeurosis  of  the  External  oblique, 
called  the  External  abdominal  riny.     The  aperture  is  oblique  in  direction,  some- 
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what  triangular  in  form,  and  corresponds  with  the  course  of  the  fibres  of  the 
aponeurosis.  It  usually  measures  from  base  to  apex  about  an  inch,  and 
transversely  about  half  an  inch.  It  is  bounded  below  by  the  crest  of  the  os 
pubis ;  above,  by  a  series  of  curved  fibres,  the  intercolumnar^  which  pass  acrc»ss 
the  upper  angle  of  the  ring,  so  as  to  increase  its  strength ;  and  on  each  side,  by 
the  margins  of  the  opening  in  the  aponeurosis,  which  are  called  the  columns  or 
pillars  of  the  ring. 

The  external  pillar,  which  is  at  the  same  time  inferior  from  the  obliquity  of  it? 
direction,  is  the  stronger:  it  is  formed  by  that  portion  of  Poupart's  ligament 
which  is  inserted  into  the  spine  of  the  os  pubis ;  it  is  curved  so  as  to  form  a  kind 
of  groove,  upon  which  the  spermatic  cord  rests.  The  internal  or  superior  pillar 
is  a  broad,  thin,  flat  band  which  is  attached  to  the  front  of  the  symphysis  pubis, 
interlacing  with  its  fellow  of  the  opposite  side,  that  of  the  right  side  being  super- 
ficial. 

The  external  abdominal  ring  gives  passage  to  the  spermatic  cord  in  the  male, 
and  round  ligament  in  the  female :  it  is  much  larger  in  men  than  in  women,  on 
account  of  the  large  size  of  the  spermatic  cord,  and  hence  the  greater  frequency 
of  inguinal  hernia  in  men. 

The  intercolumnar  fibres  are  a  series  of  curved  tendinous  fibres,  which  arch 
across  the  lower  part  of  the  aponeurosis  of  the  External  oblique.  They  have 
received  their  name  from  stretching  across  between  the  two  pillars  of  the  external 
ring,  describing  a  curve  with  the  convexity  downward.  They  are  much  thicker 
and  stronger  at  the  outer  margin  of  the  external  ring,  where  they  are  connected 
to  the  outer  third  of  Poupart's  ligament,  than  internally,  where  they  are  inserted 
into  the  linea  alba.  They  are  more  strongly  developed  in  the  male  than  in  the 
female.  The  intercolumnar  fibres  increase  the  strength  of  the  lower  part  of  the 
aponeurosis,  and  prevent  the  divergence  of  the  pillars  from  one  another. 

These  intercolumnar  fibres  as  they  pass  across  the  external  abdominal  ring  are 
themselves  connected  together  by  delicate  fibrous  tissue,  thus  forming  a  fascia, 
which  as  it  is  attached  to  the  pillars  of  the  ring  covers  it  in,  and  is  called  the 
intercolumnar  fascia.  This  intercolumnar  fascia  is  continued  down  as  a  tubular 
prolongation  around  the  outer  surface  of  the  cord  and  testis,  and  encloses  them  in 
a  distinct  sheath ;  hence  it  is  also  called  the  external  spermatic  fascia. 

The  sac  of  an  inguinal  hernia,  in  passing  through  the  external  abdominal  ring,  receives  an 
investment  from  the  inteFcolumnar  fascia. 

If  the  finger  is  introduced  a  short  distance  into  the  external  abdominal  ring 
and  the  limb  is  then  extended  and  rotated  outward,  the  aponeurosis  of  the 
External  oblique,  together  with  the  iliac  portion  of  the  fascia  lata,  will  be  felt  to 
become  tense,  and  the  external  ring  much  contracted ;  if  the  limb  is  on  the  con- 
trary flexed  upon  the  pelvis  and  rotated  inward,  this  aponeurosis  will  become  lai 
and  the  external  abdominal  ring  sufficiently  enlarged  to  admit  the  finger  with 
comparative  ease :  hence  the  patient  should  always  be  put  in  the  latter  position 
when  the  taxis  is  applied  for  the  reduction  of  an  inguinal  hernia  in  order  that  the 
abdominal  walls  may  be  relaxed  as  much  as  possible. 

Ponpart's  ligament,  or  the  crural  arch,  is  the  lower  border  of  the  aponeurosis  of 
the  External  oblique  muscle,  which  extends  from  the  anterior  superior  spine  of 
the  ilium  to  the  os  pubis.  From  this  latter  point  it  is  reflected  outward  to  be 
attached  to  the  pectineal  line  for  about  half  an  inch,  forming  Gimbernat's  liga- 
ment. Its  general  direction  is  curved  downward  toward  the  thigh,  where  it  i> 
continuous  with  the  fascia  lata.  Its  outer  half  is  rounded  and  oblique  in  direction. 
Its  inner  half  gradually  widens  at  its  attachment  to  the  os  pubis,  is  more  horizontal 
in  direction,  and  lies  beneath  the  spermatic  cord. 

Nearly  the  whole  of  the  space  included  between  the  crural  arch  and  the 
innominate  bone  is  filled  in  by  the  parts  which  descend  from  the  abdomen  into  the 
thigh.     These  will  be  referred  to  again  on  a  subsequent  page. 

Qimbemat's  ligament  is  that  part  of  the  aponeurosis  of  the  External  oblique 
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muacle  which  is  reflected  downward  and  outward  from  the  spine  of  the  oa  pubis 
to  he  inserted  into  the  pectineal  line-  It  is  about  half  an  inch  in  length,  larger 
in  the  male  than  in  the  female,  almost  horizontal  in  direction  in  the  erect 
posture,  and  of  a  triangular  form  with  the  base  directed  outward.  Its  base, 
or  outer  margin,  is  concave,  thin,  and  sharp,  and  lies  in  contact  with  the  crural 
sheath.  Its  apex  corresponds  to  the  spine  of  the  ob  pubis.  Ita  posterior  margin 
is  attached  to  the  pectineal  line,  and  is  continuous  with  the  pubic  portion  of  the 
fascia  lata.     Its  anterior  margin  is  continuous  with  Poupart's  ligament. 

The  triangular  ligameiit  of  the  abdomen  is  a  band  of  tendinous  fibres  of  a 
triangular  shape,  which  is  attached  by  its  apex  to  the  pectineal  line,  where  it  is 
continuous  with  Gimbemat's  ligament.  It  passes  inward  beneath  the  spermatic 
cord,  and  expands  into  a  somewhat  fan-shaped  fascia,  lying  behind  the  inner  pillar 
of  the  external  abdominal  ring,  and  in  front  of  the  conjoined  tendon,  and  interlaces 
with  the  ligament  of  the  other  side  at  the  linea  alba. 

Dissection. — Detach  the  External  oblique  by  dividing  it  across,  just  in  front  of  iu  attach- 
ment to  the  ribs,  as  far  as  its  posteiior  border,  and  separate  it  below  from  the  crest  of  the  ilium 
aa  far  as  the  anterior  superior  spine ;  then  separate  the  muscle  carefully  from  the  Internal  oblique, 
which  lies  beneath,  and  turn  it  toward  the  opposite  side. 

The  Internal  or  Ascending  oblique  mnscle  (Fig.  293),  thinner  and  smaller 
than  the  preceding,  beneath  which  it  lies,  is  of  an  irregularly  quadrilateral  form. 


il  oblique  muacte. 


and  situated  at  the  side  and  fore  part  of  the  abdomen.     It  arises,  by  fleshy  fibres, 
from  the  outer  half  of  Poupart's  ligament,  being  attached  to  the  groove  on  its 
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upper  surface ;  from  the  anterior  two-thirds  of  the  middle  lip  of  the  crest  of  the 
ilium,  and  from  the  posterior  lamella  of  the  lumbar  fascia.  From  this  origin  the 
fibres  diverge :  those  from  Poupart's  ligament,  few  in  number  and  paler  in  color 
than  the  rest,  arch  downward  and  inward  across  the  spermatic  cord,  and,  becoming 
tendinous,  are  inserted,  conjointly  with  those  of  the  Trans versalis,  into  the  crest 
of  the  OS  pubis  and  pectineal  line,  to  the  extent  of  half  an  inch,  forming  what  is 
known  as  the  conjoined  tendon  of  the  Internal  oblique  and  Trans  versalis ;  those 
from  the  anterior  third  of  the  iliac  origin  are  horizontal  in  their  direction,  and, 
becoming  tendinous  along  the  lower  fourth  of  the  linea  semilunaris,  pass  in  front  of 
the  Rectus  muscle  to  be  inserted  into  the  linea  alba ;  those  which  arise  from  the 
middle  third  of  the  origin  from  the  crest  of  the  ilium  pass  obliquely  upward  and 
inward,  and  terminate  in  an  aponeurosis,  which  divides  opposite  the  linea  semilunaris 
into  two  lamellae,  which  are  continued  forward,  in  front  and  behind  the  Rectus 
muscle,  to  the  linea  alba ;  the  posterior  lamella,  being  also  connected  to  the  cartilage? 
of  the  seventh,  eighth,  and  ninth  ribs ;  the  most  posterior  fibres  pass  almost 
vertically  upward,  to  be  inserted  into  the  lower  borders  of  the  cartilages  of  the 
three  lower  ribs,  being  continuous  with  the  Internal  intercostal  muscles. 

The  conjoined  tendon  of  the  Internal  oblique  and  Transversalis  is  inserted  into 
the  crest  of  the  os  pubis  and  pectineal  line,  immediately  behind  the  external 
abdominal  ring,  serving  to  protect  what  would  otherwise  be  a  weak  point  in  the 
abdominal  wall.  Sometimes  this  tendon  is  insufficient  to  resist  the  pressure 
from  within,  and  is  carried  forward  in  front  of  the  protrusion  through  the  external 
ring,  forming  one  of  the  coverings  of  direct  inguinal  hernia ;  or  the  hernia  force? 
its  way  through  the  fibres  of  the  conjoined  tendon. 

The  aponeurosis  of  the  Internal  oblique  is  continued  forward  to  the  middle  line 
of  the  abdomen,  where  it  joins  with  the  aponeurosis  of  the  opposite  muscle  at  the 
linea  alba,  and  extends  from  the  margin  of  the  thorax  to  the  os  pubis.  At  the  outer 
margin  of  the  Rectus  muscle,  this  aponeurosis,  for  the  upper  three-fourths  of  it< 
extent,  divides  into  two  lamellae,  which  pass,  one  in  front  and  the  other  behind 
the  muscle,  enclosing  it  in  a  kind  of  sheath,  and  reuniting  on  its  inner  border  at 
the  linea  alba ;  the  anterior  layer  is  blended  with  the  aponeurosis  of  the  External 
oblique  muscle ;  the  posterior  layer  with  that  of  the  Transversalis.  Along  the 
lower  fourth  the  aponeurosis  passes  altogether  in  front  of  the  Rectus  without  any 
separation. 

Relations. — By  its  external  9urface^  with  the  External  oblique,  Latissimu? 
dorsi,  spermatic  cord,  and  external  ring ;  by  its  internal  surface^  with  the  Trans- 
versalis muscle,  the  lower  intercostal  vessels  and  nerves,  the  ilio-hypogastric  and 
the  ilio-inguinal  nerves.  Near  Poupart's  ligament  it  lies  on  the  fascia  transversalis, 
intej^nal  ring,  and  spermatic  cord.  Its  lower  border  forms  the  upper  boundary  of 
the  spermatic  canal. 

The  Gremaster  muscle  is  a  thin  muscular  layer,  composed  of  a  number  of 
fasciculi  which  arise  from  the  middle  of  Poupart's  ligament  at  the  inner  side  of 
the  Internal  oblique,  being  connected  with  that  muscle,  and  also  occasionally  with 
the  Transversalis.  It  passes  along  the  outer  side  of  the  spermatic  cord,  descend? 
with  it  through  the  external  abdominal  ring  upon  the  front  and  sides  of  the  cord, 
and  forms  a  series  of  loops  which  differ  in  thickness  and  length  in  diff'erent  subject?. 
Those  at  the  upper  part  of  the  cord  are  exceedingly  short,  but  they  become  in 
succession  longer  and  longer,  the  longest  reaching  down  as  low  as  the  testicle, 
where  a  few  are  inserted  into  the  tunica  vaginalis.  These  loops  are  united 
together  by  areolar  tissue,  and  form  a  thin  covering  over  the  cord  and  testis,  the 
fascia  cremasterica.  The  fibres  ascend  along  the  inner  side  of  the  cord,  and  are 
inserted  by  a  small  pointed  tendon  into  the  crest  of  the  os  pubis  and  front  of  the 
sheath  of  the  Rectus  muscle. 

It  will  be  observed  that  the  origin  and  insertion  of  the  Creraaster  is  precisely 
similar  to  that  of  the  lower  fibres  of  the  Internal  oblique.  This  fact  affords  an  easy 
explanation  of  the  manner  in  which  the  testicle  and  cord  are  invested  by  thi> 
muscle.     At  an  early  period  of  foetal  life  the  testis  is  placed  at  the  lower  and  back 
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part  of  the  abdominal  cavity,  but  during  its  descent  toward  the  scrotum,  which 
takes  place  before  birth,  it  passes  beneath  the  arched  fibres  of  the  Internal  oblique. 
In  its  passage  beneath  this  muscle  some  fibres  are  derived  from  its  lower  part 
which  accompany  the  testicle  and  cord  into  the  scrotum.  It  occasionally  happens 
that  the  loops  of  the  Cremaster  surround  the  cord,  some  lying  behind  as  well  as  in 
front.  It  is  probable  that  under  these  circumstances  the  testis,  in  its  descent, 
passed  through  instead  of  beneath  the  fibres  of  the  Internal  oblique. 

In  the  descent  of  an  oblique  inguinal  hernia,  which  takes  the  same  course  as 
the  spermatic  cord,  the  Cremaster  muscle  forms  one  of  its  coverings.  This  muscle 
becomes  largely  developed  in  cases  of  hydrocele  and  large  old  scrotal  hernia.  No 
such  muscles  exist  in  the  female,  but  an  analogous  structure  is  developed  in  those 
cases  where  an  oblique  inguinal  hernia  descends  beneath  the  margin  of  the  Internal 
oblique. 

Dissection. — Detach  the  Internal  oblique  in  order  to  expose  the  Transversalis  beneath.  This 
may  be  effected  by  dividing  the  muscle,  above,  at  its  attachment  to  the  ribs;  below,  at  its  con- 
nectidh  with  Poupart's  ligament  and  the  crest  of  the  ilium ;  and  behind,  by  a  vertical  incision 
extending  from  tne  last  rib  to  the  crest  of  the  ilium.  The  muscle  should  previously  be  made 
tense  by  drawing  upon  it  with  the  fingers  of  the  left  hand,  and  if  its  division  is  carefully  effected, 
the  cellular  interval  between  it  and  the  Transversalis,  as  well  as  the  direction  of  the  fibres  of  the 
latter  muscle,  will  afford  a  clear  guide  to  their  separation ;  along  the  crest  of  the  ilium  the  cir- 
cumflex iliac  vessels  are  interposed  between  them,  and  form  an  important  guide  in  separating 
them.    The  muscle  should  then  be  thrown  forward  toward  the  linea  alba. 

The  Transversalis  muscle  (Fig.  294),  so  called  from  the  direction  of  its  fibres,  is 
the  most  internal  flat  muscle  of  the  abdomen,  being  placed  immediately  beneath 
the  Internal  oblique.  It  arises  by  fleshy  fibres  from  the  outer  third  of  Poupart's 
ligament;  from  the  inner  lip  of  the  crest  of  the  ilium  for  its  anterior  three- 
fourths  ;  from  the  inner  surface  of  the  cartilages  of  the  six  lower  ribs,  interdigitating 
with  the  Diaphragm  ;  and  by  the  lumbar  fascia  from  the  spinous  and  transverse 
processes  of  the  lumbar  vertebrae.  The  muscle  terminates  in  front  in  a  broad 
aponeurosis,  the  lower  fibres  of  which  curve  downward  and  inward,  and  are 
inserted,  together  with  those  of  the  Internal  oblique,  into  the  lower  part  of  the 
linea  alba,  the  crest  of  the  os  pubis  and  pectineal  line,  forming  what  is  known  as 
the  conjoined  tendon  of  the  Internal  oblique  and  Transversalis.  Throughout  the 
rest  of  its  extent  the  aponeurosis  passes  horizontally  inward,  and  is  inserted  into 
the  linea  alba ;  its  upper  three-fourths  passing  behind  the  Rectus  muscle,  blending 
with  the  posterior  lamella  of  the  Internal  oblique ;  its  lower  fourth  passing  in 
front  of  the  Rectus. 

Relations. — By  its  external  surface^  with  the  Internal  oblique,  and  the  inner 
surface  of  the  cartilages  of  the  lower  ribs;  by  its  internal  surface^  with  the  fascia 
transversalis,  which  separates  it  from  the  peritoneum.  Its  lower  border  forms  the 
upper  boundary  of  the  spermatic  canal. 

Dissection. — To  expose  the  Rectus  muscle,  open  its  sheath  by  a  vertical  incision  extending 
from  the  margin  of  the  thorax  to  the  os  pubis,  ana  then  reflect  the  two  portions  from  the  surface 
of  the  muscle,  which  is  easily  done,  excepting  at  the  linea;  transversae,  where  so  close  an 
adhesion  exists  that  the  greatest  care  is  requisite  in  separating  them.  Now  raise  the  outer  ed§e 
of  the  muscle,  in  order  to  examine  the  posterior  layer  of  the  sheath.  By  dividing  the  muscle  m 
the  centre,  and  turning  its  lower  part  downwara,  the  point  where  the  posterior  wall  of  the 
sheath  terminates  in  a  thin  curved  margin  will  be  seen. 

The  Rectus  abdominis  is  a  long  flat  muscle,  which  extends  along  the  whole 
length  of  the  front  of  the  abdomen,  being  separated  from  its  fellow  of  the  opposite 
side  by  the  linea  alba.  It  is  much  broader,  but  thinner,  above  than  below,  and 
arises  by  two  tendons,  the  external  or  larger  being  attached  to  the  crest  of  the  os 
pubis,  the  internal,  smaller  portion  interlacing  with  its  fellow  of  the  opposite  side, 
and  being  connected  with  the  ligaments  covering  the  front  of  the  symphysis  pubis. 
The  fibres  ascend,  and  the  muscle  is  inserted  by  three  portions  of  unequal  size 
into  the  cartilages  of  the  fifth,  sixth,  and  seventh  ribs.  Some  fibres  are  occasion- 
ally connected  with  the  costo-xiphoid  ligaments  and  side  of  the  ensiform  cartilage. 

The  Rectus  muscle  is  traversed  by  tendinous  intersections,  three  in  number^ 
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which  have  received  the  name  of  line(e  transveraw.  One  of  these  is  usuallv 
situated  opposite  the  umbilicus,  and  two  above  that  point;  of  the  latter,  one 
corresponds  to  the  extremity  of  the  ensiform  cartilage,  and  the  other  to  thr 
interval  between  the  ensiform  cartilage  and  the  umbilicus.  These  intersection^ 
pass  transvci-sely  or  obliquely  across  the  muscle  in  a  zigzag  course ;  they  rarelv 
extend  completely  through  its  substance,  sometimes    pa.s3  onlv  halfway  aero-; 


no.  2W.— The  Transversalln,  Rectus,  md  Fynunldalls  muecle*. 

jt,  and  are  intimately  adherent  in  front  to  the  sheath  in  which,  the  muscle  is 
enclosed. 

The  Rectus  is  enclosed  in  a  sheath  (Fig.  295)  formed  by  the  aponeuroses  of  tht 
Ohlii|ue  and  Transversalis  muscles,  which  are  arranged  in  the  following  manner. 
When  the  aponeurosis  of  the  Internal  oblitjue  arrives  at  the  outer  margin  of  th* 
Rectus,  it  divides  into  two  lamelhe,  one  of  which  passes  in  front  of  the  Rectus, 
blending  with  the  aponeurosis  of  the  External  oblicjuc;  the  other,  behind  it. 
blending  with  the  aponeurosis  of  the  Transversalis ;  and  these,  joining  again  at  its 
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inner  border,  are  inserted  into  the  linea  alba.  This  arrangement  of  the  aponeuroaes 
exists  along  the  upper  three-foiirthB  of  the  muBcie :  at  the  comineiicenient  of  the 
lower  fourth,  the  posterior  wall  of  the  sheath  terminates  in  a  thin  curved  margin, 
the  »emilunar  fold  of  Douglas,  the  concavity  of  which  looks  downward  toward 
the  pubes ;  the  aponeuroses  of  all  three  muscles  passing  in  front  of  the  Rectus 
without  any  separation.  The  extremities  of  the  fold  of  Douglas  descend  as  pillars 
to  the  08  pubis.  The  inner  pillar  is  attached  to  the  symphysis  pubis ;  the  outer 
pillar,  which  is  named  by  Braune  the  ligament  of  Hesselbach,  divides  below  to 
enclose  the  internal  abdominal  ring;  the  internal  fibres  are  attached  to  the 
horizontal  ramus  of  the  os  pubis  and  the  pectineal  fascia ;  the  external  ones  pass 
to  the  Psoas  fascia  and  to  the  Transversalis  where  it  arises  from  Poupart's 
ligament  on  the  outer  side  of  the  ring.     The  Kectus  muscle,  in  the  situation 


In  the  lumbar  region. 


where  its  sheath  is  deficient,  is  separated  from  the  peritoneum  by  the  transversalis 
fascia. 

The  PsrramidaUs  is  a  small  mu!<cle,  triangular  in  shape,  placed  at  the  lower 
part  of  the  abdomen,  in  front  of  the  Rectus,  and  contained  in  the  same  sheath 
with  that  muscle.  It  arises  by  tendinous  fibres  from  the  front  of  the  os  pubis 
and  the  anterior  pubic  ligament;  the  fleshy  portion  of  the  muscle  passes  upward, 
diminishing  in  size  as  it  ascends,  and  terminates  by  a  pointed  extremity,  which  is 
inserted  into  the  linea  alba,  midway  between  the  umbilicus  and  the  os  pubis.  This 
muscle  is  sometimes  found  wanting  on  one  or  both  sides ;  the  lower  end  of  the 
Rectus  then  becomes  proportionately  increased  in  size.  Occasionally  it  has  been 
found  double  on  one  side,  or  the  muscles  of  the  two  sides  are  of  unequal  size. 
Sometimes  its  length  exceeds  what  is  stated  above. 

Relations. — Its  anterior  surface  is  covered  by  the  sheath  of  the  Rectus.  Its 
posterior  surface  rests  against  the  Rectus  itself.  To  expose  the  Pyramidalis, 
make,  through  the  sheath  of  the  Rectus,  a  vertical  incision  the  lower  end  of 
which  should  begin  just  a  little  to  one  side  of,  and  on  a  level  with,  the  symphysis 
pubis. 

Herres. — The  abdominal  muscles  are  supplied  by  the  lower  intercostal  nerves. 
The  Internal  oblique  also  receives  a  filament  from  the  ilio-inguinal  nerve.  The 
Cremaster  is  supplied  by  the  genital  branch  of  the  Gen i to-crural. 

In  the  description  of  the  abdominal  muscles  mention  baa  frequently  been  made 
of  the  linea  alba,  linese  semilunares,  and  linex  transversae ;  when  the  dissection  of 
the  muscles  is  completed  these  structures  should  be  examined. 

The  linea  alba  is  a  tendinous  raphe  seen  along  the  middle  line  of  the  abdomen, 
extending  from   the  ensiform  cartilage  to  the  symphysis  pubis,  to  which   it  is 
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attached.  It  is  placed  between  the  inner  borders  of  the  Recti  muscles,  and  i< 
formed  by  the  blending  of  the  aponeuroses  of  the  Obliqui  and  Transversales  muscle?. 
It  is  narrow  below,  corresponding  to  the  narrow  interval  existing  between  the 
Recti ;  but  broader  above,  as  these  muscles  diverge  from  one  another  in  their 
ascent,  becoming  of  considerable  breadth  after  great  distension  of  the  abdomen  fr<«m 
pregnancy  or  ascites.  It  presents  numerous  apertures  for  the  passage  of  vesx  l* 
and  nerves :  the  largest  of  these  is  the  umbilicus,  which  in  the  foetus  transmits  th^^ 
umbilical  vessels,  but  in  the  adult  is  obliterated,  the  cicatrix  being  stronger  than 
the  neighboring  parts ;  hence  umbilical  hernia  occurs  in  the  adult  near  \\w 
umbilicus,  whilst  in  the  foetus  it  occurs  at  the  umbilicus.  The  linea  alba  i^  in 
relation,  in  front,  with  the  integument,  to  which  it  is  adherent,  especially  at  the 
umbilicus ;  behind,  it  is  separated  from  the  peritoneum  by  the  transversalis  fascia : 
and  below,  by  the  urachus,  and  the  bladder  when  that  organ  is  distended. 

The  lines  semilunares  are  two  curved  tendinous  lines  placed  one  on  each  side 
of  the  linea  alba.  Each  corresponds  with  the  outer  border  of  the  Rectus  muscle, 
extends  from  the  cartilage  of  the  ninth  rib  to  the  pubic  spine,  and  is  formed  bv 
the  aponeurosis  of  the  Internal  oblique  at  its  point  of  division  to  enclose  the 
Rectus,  where  it  is  reinforced  in  front  by  the  External  oblique  and  behind  by  the 
Transversalis. 

The  lines  transverse  are  three  narrow  transverse  lines  which  intersect  the 
Recti  muscles,  as  already  mentioned  ;  they  connect  the  lineae  semilunares  with  the 
linea  alba. 

Actions. — The  abdominal  muscles  perform  a  threefold  action : 

When  the  pelvis  and  thorax  are  fixed,  they  compress  the  abdominal  viscera,  bv 
constricting  the  cavity  of  the  abdomen,  in  which  action  they  are  materially  assisted 
by  the  descent  of  the  diaphragm.  By  these  means  the  foetus  is  expelled  from  the 
uteruH,  the  faices  from  the  rectum,  the  urine  from  the  bladder,  and  the  contents  of 
the  stomach  in  vomiting. 

If  the  pelvis  and  spine  are  fixed,  these  muscles  compress  the  lower  part  of  the 
thorax,  materially  assisting  expiration. '  If  the  pelvis  alone  is  fixed,  the  thorax  i> 
bent  directly  forward  when  the  muscles  of  both  sides  act,  or  to  either  side  when 
those  of  the  two  sides  act  alternately,  rotation  of  the  trunk  at  the  same  time  taking 
place  to  the  opposite  side. 

If  the  thorax  is  fixed,  these  muscles,  acting  together,  draw  the  pelvis  upward, 
as  in  climbing;  or,  acting  singly,  they  draw  the  pelvis  upward,  and  rotate  the 
vertebral  column  to  one  side  or  the  other.  The  Recti  muscles,  acting  from  below, 
«lepress  the  thorax,  and  consequently  flex  the  vertebral  column ;  when  acting  from 
al)()ve,  they  flex  the  pelvis  upon  the  vertebral  column.  The  Pyramidales  are 
tensors  of  the  linea  alba. 

The  fascia  transversalis  is  a  thin  aponeurotic  membrane  which  lies  between 
the  inner  surface  of  the  Transversalis  muscle  and  the  peritoneum.  It  forms  }>art 
of  the  general  layer  of  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic 
cavities,  and  is  directly  continuous  with  the  iliac  and  pelvic  fasciae.  In  the  inguinal 
region  the  transversalis  fascia  is  thick  and  dense  in  structure,  and  joined  by  fibres 
from  the  aponeurosis  of  the  Transversalis  muscle,  but  it  becomes  thin  and  cellular 
as  it  ascends  to  the  diaphragm.  Below,  it  has  the  following  attachments :  external 
to  the  femoral  vessels  it  is  connected  to  the  posterior  margin  of  Poupart*s  ligament, 
and  is  there  continuous  with  the  iliac  fascia.  Internal  to  the  femoral  vessels  it  is 
thin  and  attached  to  the  os  pubis  and  pectineal  line,  behind  the  conjoined  tendon, 
with  which  it  is  united  ;  and,  corresponding  to  the  point  where  the  femoral  vessel> 
pass  into  the  thigh,  this  fascia  descends  in  front  of  them,  forming  the  anterior 
wall  of  the  crural  sheath.  The  spermatic  cord  in  the  male  and  the  round  ligament 
in  the  female  pass  through  this  fascia :  the  point  where  they  pass  through  is  calle<l 
the  internal  abdominal  ring.  This  opening  is  not  visible  externally,  owing  to  a 
prolongation  of  the  transversalis  fascia  on  the  structures,  forming  the  infundib- 
ulifi^nu  process. 

The  internal  or  deep  abdominal  ring  is  situated  in  the  transversalis  fascia. 
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midway  between  the  anterior  superior  spine  of  the  ilium  and  the  spine  of  the  os 
pubis,  and  about  half  an  inch  above  Poupart's  ligament.  It  is  of  an  oval  form, 
the  extremities  of  the  oval  directed  upward  and  downward,  varies  in  size  in  different 
subjects,  and  is  much  larger  in  the  male  than  in  the  female.  It  is  bounded,  above 
and  externally,  by  the  arched  fibres  of  the  Transversalis  ;  below  and  internally,  by 
the  deep  epigastric  vessels.  It  transmits  the  spermatic  cord  in  the  male  and  the 
round  ligament  in  the  female.  From  its  •circumference  a  thin  funnel-shaped 
membrane,  the  infundibuliform  fascia^  is  continued  round  the  cord  and  testis, 
enclosing  them  in  a  distinct  pouch. 

When  the  sac  of  an  oblique  inguinal  hernia  passes  through  the  internal  or  deep  abdominal 
ring,  the  infundibuliform  process  of  the  transversalis  fascia  forms  one  of  its  coverings. 

The  inguinal  or  spermatic  canal  contains  the  spermatic  cord  in  the  male  and 
the  round  ligament  in  the  female.  It  is  an  oblique  canal  about  an  inch  and  a  half 
in  length,  directed  downward  and  inward,  and  placed  parallel  to  and  a  little  above 
Poupart's  ligament.  It  commences  above  at  the  internal  or  deep  abdominal  ring, 
which  is  the  point  where  the  cord  enters  the  spermatic  canal,  and  terminates  below 
at  the  external  ring.  It  is  bounded  in  front  by  the  integument  and  superficial 
fascia,  by  the  aponeurosis  of  the  External  oblique  throughout  its  whole  length,  and 
by  the  Internal  oblique  for  its  outer  third ;  behind,  by  the  triangular  ligament,  the 
conjoined  tendon  of  the  Internal  oblique  and  Transversalis,  transversalis  fascia, 
and  the  subperitoneal  fat  and  peritoneum ;  above,  by  the  arched  fibres  of  the 
Internal  oblique  and  Transversalis ;  below,  by  the  union  of  the  fascia  transversalis 
with  Poupart's  ligament.' 

That  form  of  protrusion  in  which  the  intestine  follows  the  course  of  the  spermatic  cord 
along  the  spermatic  canal  is  called  oblique  inguinal  hernia. 

The  Deep  Gmral  Arch. — Passing  across  the  front  of  the  crural  arch,  on  the 
abdominal  side  of  Poupart's  ligament  and  closely  connected  with  it,  is  a  thickened 
band  of  fibres  called  the  deep  crural  arch.  It  is  apparently  a  thickening  of  the 
fascia  transversalis,  joining  externally  to  the  centre  of  Poupart's  ligament,  and 
arching  across  the  front  of  the  crural  sheath  to  be  inserted  by  a  broad  attachment 
into  the  pectineal  line,  behind  the  conjoined  tendons.  In  some  subjects  this 
structure  is  not  very  prominently  marked,  and  not  unfrequently  it  is  altogether 
wanting. 

SuiflEtce  Form. — ^The  only  two  muscles  of  this  group  which  have  anv  considerable  influ- 
ence on  surface  form  are  the  External  obliciue  and  Rectus  muscles  of  the  abdomen.  With 
regard  to  the  External  oblique,  the  upper  digitations  of  its  origin  from  the  ribs  are  well  marked, 
intermingled  with  the  serrations  of  tne  Serratus  magnus ;  the  lower  digitations  are  not  visible, 
being  covered  by  the  thick  border  of  the  Latissimus  dorsi.  Its  attachment  to  the  crest  of  the 
ilium,  in  conjunction  with  the  Internal  oblique,  forms  a  thick  oblique  roll,  which  determines  the 
iliac  furrow.  Sometimes  on  the  front  of  the  lateral  region  of  the  abdomen  an  undulating  out- 
line marks  the  spot  where  the  muscular  fibres  terminate  and  the  aponeurosis  commences.  The 
outer  border  of  the  Rectus  is  defined  by  the  Unea  semilunaris^  which  may  be  exactly  defined  by 
putting  the  muscle  into  action.  It  corresponds  with  a  curved  line,  with  its  convexity  outward, 
drawn  from  the  lowest  part  of  the  cartilage  of  the  seventh  rib  to  the  spine  of  the  os  pubis,  so 
that  the  centre  of  the  line,  at  or  near  the  umbilicus,  is  three  inches  from  the  median  line.  The 
inner  border  of  the  Rectus  corresponds  t^  the  Unea  aUxi,  marked  on  the  surface  of  the  body  by 
a  groove,  the  abdominal  furrow,  which  extends  from  the  infrastemal  fossa  to,  or  to  a  little  below, 
the  umbilicus,  where  it  gradually  becomes  lost.  The  surface  of  the  Rectus  presents  three  trans- 
verse fiirrows,  the  Unea;  transversa'.  The  upp>er  two  of  these,  one  opposite  or  a  little  below  the 
tip  of  the  ensiform  cartilage,  and  another,  midway  between  this  point  and  the  umbilicus,  are 
usually  well  marked ;  the  third,  opposite  the  umbilicus,  is  not  so  distinct.  The  umbilicus,  situ- 
ated in  the  linea  alba,  varies  very  much  in  position  as  regards  its  height.  It  is  always  situated 
above  a  zone  drawn  round  the  body  opposite  the  highest  point  of  the  crest  of  the  ilium,  gene- 
rally being  about  three-quarters  of  an  inch  to  an  inch  above  this  line.  It  generally  corresponds, 
therefore,  to  the  fibro-cartilage  between  the  third  and  fourth  lumbar  vertebrae. 

Deep  Muscles  of  the  Abdomen. 

Psoas  parvus.  Iliacus. 

Psoas  magnus.  Quadratus  lumborum. 
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The  Psoas  magnos,  the  Psoas  parvus,  and  the  Uiacns  mnscles,  with  the  fascia 
covering  them,  will  be  described  with  the  Muscles  of  the  Lower  Extremity  (.-«<* 
page  506). 

The  Fascia  corering  the  Qnadratiia  Lumbomiii. — This  is  the  most  internal 
of  the  two  layers  of  fascia  which  are  given  off  from  the  anterior  or  deej) 
surface  of  the  lumbar  fascia.  It  is  a  thin  layer  of  fascia  which,  passing  over 
the  anterior  surface  of  the  QuadraUis  lumborum,  is  attached.,  internally,  to  the 
anterior  surface  of  the  transverse  processes  of  the  lumbar  vertebrae ;  below  to 
the  ilio-lumbar  ligament ;  and  above,  to  the  apex  and  lower  border  of  the  last  rib. 

The  portion  of  this  fascia  which  extends  from  the  transverse  process  of  the 
first  lumbar  vertebra  to  the  apex  and  lower  border  of  the  last  rib  constitutes  the 
ligamentum  arcuatum  externum. 

The  Qnadratns  lumbomm  (Fig.  288,  page  437)  is  situated  in  the  lumbar  region. 
It  is  irregularly  quadrilateral  in  shape,  and  broader  below  than  above.  It  arises  bv 
aponeurotic  fibres  from  the  ilio-lumbar  ligament  and  the  adjacent  portion  of  the 
crest  of  the  ilium  for  about  two  inches,  and  is  inserted  into  the  lower  border  of  the 
last  rib  for  about  half  its  length  and  by  four  small  tendons,  into  the  apices  of 
the  transverse  processes  of  the  four  upper  lumbar  vertebrae.  Occasionally  a  second 
portion  of  this  muscle  is  found  situated  in  front  of  the  preceding.  It  arises  from 
the  upper  borders  of  the  transverse  processes  of  the  lumbar  vertebrae,  and  is  inseriel 
into  the  lower  margin  of  the  last  rib.  The  Quadratus  lumborum  is  contained  in  a 
sheath  formed  bv  the  anterior  and  middle  lamellae  of  the  lumbar  fasciae. 

Relations. — Its  anterior  surface  (or  rather  the  fascia  which  covers  its  anterior 
surface)  is  in  relation  with  the  colon,  the  kidney,  the  Psoas  muscle,  and  the 
Diaj)hragm.  Its  posterior  surface  is  in  relation  with  the  middle  lamella  of  the 
lumbar  fascia,  which  separates  it  from  the  Erector  spinae.  The  Quadratus 
lumborum  extends,  however,  beyond  the  outer  border  of  the  Erector  spinae. 

Nerve-supply. — The  anterior  branches  of  the  lumbar  nerves. 

Actions. — The  Quadratus  lumborum  draws  down  the  last  rib,  and  acts  as  a 
muscle  of  forced  expiration ;  but,  at  the  same  time,  by  fixing  the  last  rib.  ii 
opposes  the  tendency  of  the  Diaphragm  to  draw  it  upward,  and  thus  it  becomes  an 
assistant  to  inspiration.  If  the  thorax  and  spine  are  fixed,  it  may  act  upon  the 
pelvis,  raising  it  toward  its  own  side  when  only  one  muscle  is  put  in  action ;  and 
when  both  muscles  act  together,  either  from  below  or  above,  they  flex  the  trunk. 

Muscles  of  the  Pelvic  Outlet  or  of  the  Ischio-rectal  Region  and  Perin»um. 

Corrugator  cutis  ani.  Internal  sphincter  ani. 

External  sphincter  ani.  Levator  ani. 

Coccygeus. 

Transversus  perinaei.  T  Transversus  perinaei. 

Accelerator  urinae.           T    F  /J  Sphincter  vaginae. 

I  Erector  penis.  '     j  Erector  clitoridis. 

(^  Compressor  urethrae.  \^  Compressor  urethrae. 

The  Corrugator  Cutis  Ani. — Around  the  anus  is  a  thin  stratum  of  involuntary 
muscular  fibre,  which  surrounds  it  in  a  radiating  manner.  Internally,  the  fibres 
fade  off  into  the  submucous  tissue,  whilst  externally  they  blend  with  the  true 
skin.  By  its  contraction  it  raises  the  skin  into  ridges  radiating  from  the  margin  of 
the  anus. 

The  External  sphincter  ani  is  a  thin,  flat  plane  of  muscular  fibres,  elliptical  in 
shai)e  and  intimately  adherent  to  the  integument  surrounding  the  margin  of  the 
anus.  It  measures  about  three  or  four  inches  in  length  from  its  anterior  to  it- 
posterior  extremity,  being  about  an  inch  in  breadth  opposite  the  anus.  It  arise? 
from  the  tip  of  the  coccyx  by  a  narrow  tendinous  band,  and  from  the  superficial 
fascia  in  front  of  that  bone;  and  is  inserted  into  the  central  tendinous  point  of  the 
perinivum,  joining  with  the  Transversus  perinaei,  the  Levator  ani,  and  the  Accelera- 
tor urimi}.     Like  other  sphincter  muscles,  it  consists  of  two  planes  of  muscular 
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fibre,  which  surround  the  margio  of  the  anus,  and  join  in  a  cotnmigsare  in  front 
and  behind. 

ITerve-Bnpply. — A  branch  from  the  anterior  division  of  the  fourth  sacral  and 
the  inferior  beenorrhoidal  branch  of  the  internal  pudic. 

Actions. — The  action  of  this  muscle  is  peculiar ;  1.  It  is,  like  other  muscles, 
always  in  a  state  of  tonic  contraction,  and  having  no  antagonistic  muscle  it  keeps 
the  anal  orifice  closed.  2.  It  can  be  put  into  a  condition  of  greater  contractior 
under  the  influence  of  the  will,  so  as  to  more  firmly  occlude  the  anal  aperture. 
S.  Taking  its  fixed  point  at  the  coccyx,  it  helps  to  fix  the  central  point  of  the 
perineeum,  so  that  the  Accelerator  may  act  from  this  fixed  point. 

The  Internal  sphincter  is  amuscular  ring  which  surrounds  the  lower  extremity 
of  the  rectum  for  about  an  inch,  its  inferior  border  being  contiguous  to,  but  quite 
separate  from,  the  External  sphincter.  This  muscle  is  about  two  lines  in  thickness, 
and  is  formed  by  an  aggregation  of  the  involuntary  circular  fibres  of  the  intestine. 
It  is  paler  in  color  and  less  coarse  in  texture  than  the  External  sphincter. 

Actions. — Its  action  is  entirely  involuntary.  It  helps  the  External  sphincter 
to  occlude  the  anal  aperture. 

The  Lerator  anl  (Fig.  296)  is  a  broad,  thin  muscle,  situated  on  each  side  of  the 
pelvis.     It  is  attached  to  the  inner  surface  of  the  sides  of  the  true  pelvis,  and 
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descending  unites  with  its  fellow  of  the  opposite  side  to  form  the  floor  of  the  pelvic 
cavity.  It  supports  the  viscera  in  this  cavity  and  surround.s  the  various  structures 
which  pass  through  it.  It  arises,  in  front,  from  the  posterior  surface  of  the  body 
and  ramus  of  the  oa  pubis  on  the  outer  side  of  the  symphysis;  posteriorly,  from 
the  inner  surface  of  the  spine  of  the  ischium;  and  between  these  two  points  from 
the  angle  of  division  between  the  obturator  and  recto-vesical  layers  of  the  pelvic 
fascia  at  their  under  part.  The  fibres  pass  downward  to  the  middle  line  of  the  floor 
of  the  pelvis,  and  arc  inserted,  the  most  posterior  into  the  sides  of  the  apex 
of  the  coccyx;  those  placed  more  anteriorly  unite  with  the  muscles  of  the  opposite 
side,  in  a  median  fibrous  raphe,  which  extends  between  the  coccyx  and  the  margin 
of  the  anus.     The  middle  fibres,  which  form  the  larger  portion  of  the  muscle,  are 
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inserted  into  the  side  of  the  rectum,  blending  with  the  fibres  of  the  Sphincter 
muscles ;  lastly,  the  anterior  fibres,  the  longest,  descend  upon  the  side  of  the 
prostate  gland  to  unite  beneath  it  with  the  muscle  of  the  opposite  side,  blendint' 
with  the  fibres  of  the  External  sphincter  and  Transversus  perinsei  muscles  at  the 
central  tendinous  point  of  the  perinaeum. 

The  anterior  portion  is  occasionally  separated  from  the  rest  of  the  muscle  bv 
connective  tissue.  From  this  circumstance,  as  well  as  from  its  peculiar  relation 
with  the  prostate  gland,  descending  by  its  side,  and  surrounding  it  as  in  a  sling, 
it  has  been  described  by  Santorini  and  others  as  a  distinct  muscle,  under  the  name 
of  Levator  prostatas.  In  the  female,  the  anterior  fibres  of  the  Levator  ani  descend 
upon  the  side  of  the  vagina. 

Relations. — By  its  inner  or  pelvic  surface^  with  the  recto-vesical  fascia,  which 
separates  it  from  the  viscera  of  the  pelvis  and  from  the  peritoneum.  By  its  ouUr 
or  perineal  surface^  it  forms  the  inner  boundary  of  the  ischio-rectal  fossa,  and  is 
covered  by  a  thin  layer  of  fascia,  the  ischio-rectal  or  anal  fascia^  given  oflF  from  the 
obturator  fascia.  Its  posterior  border  is  continuous  with  the  Coccygeus  muscle. 
Its  anterior  border  is  separated  from  the  muscle  of  the  opposite  side  by  a  triangular 
space,  through  which  the  urethra,  and  in  the  female  the  vagina,  passes  from  the 
pelvis. 

Nerve-supply. — A  branch  from  the  anterior  division  of  the  fourth  sacral  nerve. 

Actions. — This  muscle  supports  the  lower  end  of  the  rectum  and  vagina,  and 
also  the  bladder  during  the  efforts  of  expulsion.  It  elevates  and  inverts  the  lower 
end  of  the  rectum  after  it  has  been  protruded  and  everted  during  the  expulsion  of 
the  faeces.     It  is  also  a  muscle  of  forced  expiration. 

The  Coccygeus  is  situated  behind  and  parallel  with  the  preceding.  It  is  a  tri- 
angular plane  of  muscular  and  tendinous  fibres,  arising,  by  its  apex,  from  the 
spine  of  the  ischium  and  lesser  sacro-sciatic  ligament,  and  inserted,  by  its  base, 
into  the  margin  of  the  coccyx  and  into  the  side  of  the  lower  piece  of  the  sacrum. 
This  muscle  is  continuous  with  the  posterior  border  of  the  Levator  ani,  and  closes 
in  the  back  part  of  the  outlet  of  the  pelvis. 

Relations. — By  its  iyiner  or  pelvic  surface^  with  the  rectum ;  by  its  external 
surface^  with  the  lesser  sacro-sciatic  ligament ;  by  its  posterior  border^  with  the 
Pyriformis. 

Nerve-supply. — A  branch  from  the  fourth  and  fifth  sacral  nerves. 

Action. — The  Coccygei  muscles  raise  and  support  the  coccyx  after  it  has  been 
pressed  backward  during  defecation  or  parturition. 

Superficial  Fascia. — The  superficial  fascia  of  the  perinaeum  consists  of  two 
layers,  superficial  and  deep,  as  in  other  regions  of  the  body. 

The  superficial  layer  is  thick,  loose,  areolar  in  texture,  and  contains  much 
adipose  tissue  in  its  meshes,  the  amount  of  which  varies  in  different  subjects.  In 
front,  it  is  continuous  with  the  dartos  of  the  scrotum ;  behind,  it  is  continuous 
with  the  subcutaneous  areolar  tissue  surrounding  the  anus ;  and,  on  either  side, 
with  the  same  fascia  on  the  inner  side  of  the  thighs.  This  layer  should  be  care 
fully  removed  after  it  has  been  examined,  when  the  deep  layer  will  be  exposed. 

The  deep  layer  of  superficial  fascia  (Fascia  of  Colles)  is  thin,  aponeurotic  in 
structure,  and  of  considerable  strength,  serving  to  bind  down  the  muscles  of  the 
root  of  the  penis.  It  is  continuous,  in  front,  with  the  dartos  of  the  scrotum ;  on 
either  side  it  is  firmly  attached  to  the  margins  of  the  rami  of  the  os  pubis  and 
ischium,  external  to  the  crus  penis,  and  as  far  back  as  the  tuberosity  of  the  isch- 
ium ;  posteriorly,  it  curves  down  behind  the  Transversus  perinaei  muscles  to  join 
the  lower  margin  of  the  deep  perineal  fascia.  This  fascia  not  only  covers  the 
muscles  in  this  region,  but  sends  down  a  vertical  septum  from  its  under  surface,  which 
separates  the  b«ack  part  of  the  subjacent  space  into  two,  being  incomplete  in  front. 

The  Central  Tendinous  Point  of  the  PerinsBum. — This  is  a  fibrous  point  in  the 
middle  line  of  the  perinaeum,  between  the  urethra  and  the  rectum,  being  about 
half  an  inch  in  front  of  the  anus.  At  this  point  four  muscles  converge  and  are 
attached  :  viz.  the  External  sphincter  ani,  the  Accelerator  urinae,  and  the  two 
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Transversus  perinsei ;  so  that  by  the  contractioti  of  these  muscles,  which  extend  in 
opposite  directions,  it  serves  as  a  fixed  point  of  support. 

The  TransTersns  perinasi  is  a  narrow  muscular  slip,  which  passes  more  or  less 
transversely  across  the  back  part  of  the  perineal  space.  It  arises  by  a  small  tendon 
from  the  inner  and  fore  part  of  the  tuberosity  of  the  ischium,  and,  passing  inward, 
is  inserted  into  the  central  tendinous  point  of  the  perinieum,  joining  in  this  situation 
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with  the  muscle  of  the  opposite  side,  the  External  sphincter  ani  behind,  and  the 
Accelerator  urinse  in  front. 

Nerve-Bupply.^The  perineal  branch  of  the  internal  pudic. 

Actions. — By  their  contraction  they  serve  to  fix  the  central  tendinous  point  of 
the  perinseum. 

The  Accelerator  orins  (Ejaculator  neminiB,  or  Bulho-cavernom»)\s  placed  in 
the  middle  line  of  the  perinseum,  immediately  in  front  of  the  anus.  It  consists  of 
two  symmetrical  halves,  united  along  the  median  line  by  a  tendinous  raphe.  It 
arises  from  the  central  tendon  of  the  perinseum,  and  from  the  median  raphe  in 
front.  From  this  point  its  fibres  diverge  like  the  plumes  of  a  pen;  the  most 
posterior  form  a  thin  layer,  which  are  lost  on  the  anterior  surface  of  the  triangular 
ligament;  the  middle  fibres  encircle  the  bulb  and  adjacent  parts  of  the  corpus 
spongiosum,  and  join  with  the  fibres  of  the  opposite  side,  on  the  upper  part  of  the 
corpus  spongiosum,  in  a  strong  aponeurosis;  the  anterior  fibres,  the  longest  and 
most  distinct,  spread  out  over  the  sides  of  the  corpus  cavernosum,  to  be  inserted 
partly  into  that  body,  anterior  to  the  Erector  penis,  occasionally  extending  to  the 
OS  pubis;  partly  terminating  in  a  tendinous  expansion,  which  covere  the  dorsal 
vessels  of  the  penis.  The  latter  fibres  are  best  seen  by  dividing  the  muscle 
longitudinally,  and  dissecting  it  outward  from  the  surface  of  the  urethra. 

Action. — This  muscle  serves  to  empty  the  canal  of  the  urethra,  after  the 
bladder  has  expelled  its  contents ;  during  the  greater  part  of  the  act  of  micturition 
its  fibres  are  relaxed,  and  it  only  comes  into  action  at  the  end  of  the  process.  The 
middle  fibres  are  supposed,  by  Krause,  to  assist  in  the  erection  of  the  corpus 
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surface  of  the  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  As  it  passes 
to  the  scrotum  it  changes  its  character,  becoming  thin,  destitute  of  adipose  tissue 
and  of  a  pale  reddish  color,  and  in  the  scrotum  it  acquires  some  involuntary  mus- 
cular fibres.  From  the  scrotum  it  may  be  traced  backward  to  be  continuous  with 
the  superficial  fascia  of  the  perinaeum.  In  the  female  this  fascia  is  continued  into 
the  labia  majora.  The  deeper  layer  {fascia  of  Scarpa)  is  thinner  and  more  mem- 
branous in  character  than  the  superficial  layer.  In  the  middle  line  it  is  intimately 
adherent  to  the  linea  alba;  above,  it  is  continuous  with  the  superficial  fascia  over 
the  rest  of  the  trunk  ;  below,  it  blends  with  the  fascia  lata  of  the  thigh  a  little 
below  Poupart's  ligament ;  and  below  and  internally  it  is  continued  over  the  penis 
and  spermatic  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos.  From  the 
scrotum  it  may  be  traced  backward  to  be  continuous  with  the  deep  layer  of  the 
superficial  fascia  of  the  perinaeum.  In  the  female  it  is  continued  into  the  labia 
majora. 

The  External  or  Descending  Oblique  muscle  (Fig.  292)  is  situated  on  the  side 
and  fore  part  of  the  abdomen  ;  being  the  largest  and  the  most  superficial  of  the 
three  flat  muscles  in  this  region.  It  is  broad,  thin,  and  irregularly  quadrilateral, 
its  muscular  portion  occupying  the  side,  its  aponeurosis  the  anterior  wall,  of  the 
abdomen.  It  arises,  by  eight  fleshy  digitations,  from  the  external  surface  and 
lower  borders  of  the  eight  inferior  ribs ;  these  digitations  are  arranged  in  an 
oblique  line  running  downward  and  backward ;  the  upper  ones  being  attached 
close  to  the  cartilages  of  the  corresponding  ribs  ;  the  lowest,  to  the  apex  of  the 
cartilage  of  the  last  rib ;  the  intermediate  ones,  to  the  ribs  at  some  distance  from 
their  cartilages.  The  five  superior  serrations  increase  in  size  from  above  down- 
ward, and  are  received  between  corresponding  processes  of  the  Serratus  magnus ; 
the  three  lower  ones  diminish  in  size  from  above  downward,  receiving  between 
them  corresponding  processes  from  the  Latissimus  dorsi.  From  these  attachments, 
the  fleshy  fibres  proceed  in  various  directions.  Those  from  the  lowest  ribs  pass 
nearly  vertically  downward,  to  be  inserted  into  the  anterior  half  of  the  outer  lip 
of  the  crest  of  the  ilium  ;  the  middle  and'upper  fibres,  directed  downward  and  for- 
ward, terminate  in  tendinous  fibres,  opposite  a  line  drawn  from  the  prominence 
of  the  ninth  costal  cartilage  to  the  anterior  superior  spinous  process  of  the  ilium, 
which  then  spread  out  into  a  broad  aponeurosis. 

The  Aponeurosis  of  the  External  Oblique  is  a  thin,  but  strong  membranous 
aponeurosis,  the  fibres  of  which  are  directed  obliquely  downward  and  outward. 
It  ia  joined  with  that  of  the  opposite  muscle  along  the  median  line,  covers  the 
whole  of  the  front  of  the  abdomen ;  above,  it  is  connected  with  the  lower  border 
of  the  Pectoralis  major ;  below,  its  fibres  are  closely  aggregated  together,  and 
extend  obliquely  across  from  the  anterior  superior  spine  of  the  ilium  to  the  spine 
of  the  OS  pubis  and  the  linea  ilio-pectinea.  In  the  median  line  it  interlaces  with 
the  aponeurosis  of  the  opposite  muscle,  forming  the  linea  alba,  which  extends  from 
the  ensiform  cartilage  to  the  symphysis  pubis. 

That  portion  of  the  aponeurosis  which  extends  between  the  anterior  superior 
spine  of  the  ilium  and  the  spine  of  the  os  pubis  is  a  broad  band,  folded  inw^ard, 
and  continuous  below  with  the  fascia  lata;  it  is  called  Pouparfs  ligament.  The 
portion  which  is  reflected  from  Poupart's  ligament  at  the  spine  of  the  os  pubis 
along  the  pectineal  line  is  called  Oimhernat's  ligament.  From  the  point  of  attach- 
ment of  the  latter  to  the  pectineal  line,  a  few  fibres  pass  upward  and  inward, 
behind  the  inner  pillar  of  the  ring,  to  the  linea  alba.  They  diverge  as  they  ascend, 
and  form  a  thin,  triangular,  fibrous  band,  which  is  called  the  triangular  ligament 
of  the  abdomen. 

In  the  aponeurosis  of  the  External  oblicjue,  immediately  above  the  crest  of  the 
OS  pubis,  is  a  triangular  opening,  the  external  abdominal  ring,  formed  by  a  separa- 
tion of  the  fibres  of  the  aponeurosis  in  this  situation. 

Relations. — By  its  external  surfacp,  with  the  superficial  fascia,  superficial 
epigastric  and  circumflex  iliac  vessels,  and  some  cutaneous  nerves ;  by  its  internal 
mrface^  with  the  Internal  obli{{ue,  the  lower  part  of  the  eight  inferior  ribs,  and 
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Intercostal  muscles,  the  Cremaster,  the  spermatic  cord  in  the  male,  and  round  liga- 
ment in  the  female.  Its  posterior  border,  extending  from  the  laat  rib  to  the  crest 
of  the  ilium,  is  fleshy  throughout  and  free;  it  is  occasionally  overlapped  by  the 
Latissimus  dorsi,  though  generally  a  triaogular  interval  exists  between  the  two 
muscles  near  the  crest  of  the  ilium,  in  which  is  seen  a  portion  of  the  internal 
obliijue.     This  triangle,   Petit'g  triangle,  is  therefore  bounded  in  front  by  the 
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Exiemal  oblique,  behind  by  the  Latissimus  dorsi,  below  by  the  crest  of  the  ilium. 
'hile  its  floor  is  formed  by  the  Internal  oblique  (Fig.  287). 

The  following  parts  of  the  aponeurosis  of  the  External  oblique  muscle  require 
tn  be  further  described  :  viz.  the  external  abdominal  ring,  the  intercolumnar  fibres 
and  fascia,  Poupart's  ligament,  Gimbornat's  ligament,  and  the  triangular  ligament 
of  the  abdomen. 

The  External  Abdominal  Ring. — Just  above,  and  to  the  outer  side  of  the  crest 
of  the  08  pubis,  an  interval  is  seen  in  the  aponeurosis  of  the  External  oblique, 
called  the  External  abdominal  ring.     The  aperture  is  oblique  in  direction,  some- 
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what  triangular  in  form,  and  corresponds  with  the  course  of  the  fibres  of  the 
aponeurosis.  It  usually  measures  from  base  to  apex  about  an  inch,  and 
transversely  about  half  an  inch.  It  is  bounded  below  by  the  crest  of  the  os 
pubis ;  above,  by  a  series  of  curved  fibres,  the  inter  columnar^  which  pass  across 
the  upper  angle  of  the  ring,  so  as  to  increase  its  strength ;  and  on  each  side,  by 
the  margins  of  the  opening  in  the  aponeurosis,  which  are  called  the  columns  or 
pillars  of  the  ring. 

The  external  pillar,  which  is  at  the  same  time  inferior  from  the  obliquity  of  its 
direction,  is  the  stronger;  it  is  formed  by  that  portion  of  Poupart*s  ligament 
which  is  inserted  into  the  spine  of  the  os  pubis ;  it  is  curved  so  as  to  form  a  kind 
of  groove,  upon  which  the  spermatic  cord  rests.  The  internal  or  superior  pillar 
is  a  broad,  thin,  flat  band  which  is  attached  to  the  front  of  the  symphysis  pubis, 
interlacing  with  its  fellow  of  the  opposite  side,  that  of  the  right  side  being  super- 
ficial. 

The  external  abdominal  ring  gives  passage  to  the  spermatic  cord  in  the  male, 
and  round  ligament  in  the  female :  it  is  much  larger  in  men  than  in  women,  on 
account  of  the  large  size  of  the  spermatic  cord,  and  hence  the  greater  frequency 
of  inguinal  hernia  in  men. 

The  intercolumnar  fibres  are  a  series  of  curved  tendinous  fibres,  which  arch 
across  the  lower  part  of  the  aponeurosis  of  the  External  oblique.  They  have 
received  their  name  from  stretching  across  between  the  two  pillars  of  the  external 
ring,  describing  a  curve  with  the  convexity  downward.  They  are  much  thicker 
and  stronger  at  the  outer  margin  of  the  external  ring,  where  they  are  connected 
to  the  outer  third  of  Poupart's  ligament,  than  internally,  where  they  are  inserted 
into  the  linea  alba.  They  are  more  strongly  developed  in  the  male  than  in  the 
female.  The  intercolumnar  fibres  increase  the  strength  of  the  lower  part  of  the 
aponeurosis,  and  prevent  the  divergence  of  the  pillars  from  one  another. 

These  intercolumnar  fibres  as  they  pass  across  the  external  abdominal  ring  are 
themselves  connected  together  by  delicate  fibrous  tissue,  thus  forming  a  fascia, 
which  as  it  is  attached  to  the  pillars  of  the  ring  covers  it  in,  and  is  called  the 
intercolumnar  fascia.  This  intercolumnar  fascia  is  continued  down  as  a  tubular 
prolongation  around  the  outer  surface  of  the  cord  and  testis,  and  encloses  them  in 
a  distinct  sheath ;  hence  it  is  also  called  the  external  spermatic  fascia. 

The  sac  of  an  in^inal  hernia,  in  passing  through  the  external  abdominal  ring,  receives  an 
investment  from  the  intercolumnar  fascia. 

If  the  finger  is  introduced  a  short  distance  into  the  external  abdominal  ring 
and  the  limb  is  then  extended  and  rotated  outward,  the  aponeurosis  of  the 
External  oblique,  together  with  the  iliac  portion  of  the  fascia  lata,  will  be  felt  to 
become  tense,  and  the  external  ring  much  contracted ;  if  the  limb  is  on  the  con- 
trary flexed  upon  the  pelvis  and  rotated  inward,  this  aponeurosis  will  become  lax 
and  the  external  abdominal  ring  sufficiently  enlarged  to  admit  the  finger  with 
comparative  ease :  hence  the  patient  should  always  be  put  in  the  latter  position 
when  the  taxis  is  applied  for  the  reduction  of  an  inguinal  hernia  in  order  that  the 
abdominal  walls  may  be  relaxed  as  much  as  possible. 

Poupart's  ligament,  or  the  crural  arch,  is  the  lower  border  of  the  aponeurosis  of 
the  External  oblique  muscle,  which  extends  from  the  anterior  superior  spine  of 
the  ilium  to  the  os  pubis.  From  this  latter  point  it  is  reflected  outward  to  be 
attached  to  the  pectineal  line  for  about  half  an  inch,  forming  Gimbernat's  liga- 
ment. Its  general  direction  is  curved  downward  toward  the  thigh,  where  it  is 
continuous  with  the  fascia  lata.  Its  outer  half  is  rounded  and  oblique  in  direction. 
Its  inner  half  gradually  widens  at  its  attachment  to  the  os  pubis,  is  more  horizontal 
in  direction,  and  lies  beneath  the  spermatic  cord. 

Nearly  the  whole  of  the  space  included  between  the  crural  arch  and  the 
innominate  bone  is  filled  in  by  the  parts  which  descend  from  the  abdomen  into  the 
thigh.     These  will  be  referred  to  again  on  a  subsequent  page. 

Gimbemat's  ligament  is  that  part  of  the  aponeurosis  of  the  External  oblique 
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muscle  which  is  reflected  downward  and  outward  from  the  spine  of  the  oa  pubis 
to  be  inserted  into  the  pectineal  line.  It  is  about  half  an  inch  in  length.  larger 
in  the  male  than  in  the  female,  almost  horizontal  in  direction  in  the  erect 
[Msture,  and  of  a  triangular  form  with  the  base  directed  outward.  Its  base. 
or  outer  oiargin,  is  concave,  thin,  and  sharp,  and  lies  in  contact  with  the  crural 
sheath.  Its  apex  corresponds  to  the  spine  of  the  os  pubis.  Its  posterior  margin 
is  attached  to  the  pectineal  line,  and  is  continuous  with  the  pubic  portion  of  the 
fascia  lata.     Its  anterior  mai-gin  is  continuous  with  Poupart's  ligament. 

The  tri&ngnl&r  ligament  of  the  abdomen  is  a  band  of  tendinous  fibres  of  a 
triangular  shape,  which  is  attached  by  its  apex  to  the  pectineal  line,  where  it  is 
continuous  witn  Gimbemat's  ligament.  It  passes  inward  beneath  the  spermatic 
cord,  and  expands  into  a  somewhat  fan-shaped  fascia,  lying  behind  the  inner  pillar 
of  the  external  abdominal  ring,  and  in  front  of  the  conjoined  tendon,  and  interlaces 
vith  the  ligament  of  the  other  side  at  the  linea  alba. 

Dissection. — Detach  the  External  oblique  by  dividing  it  across,  just  in  front  of  its  attach- 
ment to  the  ribs,  as  far  as  its  posterior  border,  and  separate  it  b«low  from  the  crest  of  the  ilium 
is&raathe  anterior  superior  spine;  then  separate  the  muscle  carefully  from  the  Internal  oblique, 
which  lies  beneath,  ana  turn  it  toward  the  oppo^te  aide. 

The  Internal  or  Ascending  oblitne  nnBcle  (Fig.  293),  thinner  and  smaller 
than  the  preceding,  beneath  which  it  lies,  is  of  an  irregularly  quadrilateral  form. 
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and  situated  at  the  side  and  fore  part  of  the  abdomen.     It  arises,  by  fleshy  fibres. 
from  the  outer  half  of  Poupart's  ligament,  being  attached  to  the  groove  on  its 
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upper  surface ;  from  the  anterior  two-thirds  of  the  middle  lip  of  the  crest  of  the 
ilium,  and  from  the  posterior  lamella  of  the  lumbar  fascia.  From  this  origin  the 
fibres  diverge :  those  from  Poupart's  ligament,  few  in  number  and  paler  in  color 
than  the  rest,  arch  downward  and  inward  across  the  spermatic  cord,  and,  becoming 
tendinous,  are  inserted,  conjointly  with  those  of  the  Trans versalis,  into  the  crest 
of  the  OS  pubis  and  pectineal  line,  to  the  extent  of  half  an  inch,  forming  what  is 
known  as  the  conjoined  tendon  of  the  Internal  obliq^ue  and  Trans  versalis ;  those 
from  the  anterior  third  of  the  iliac  origin  are  horizontal  in  their  direction,  and, 
becoming  tendinous  along  the  lower  fourth  of  the  linea  semilunaris,  pass  in  front  of 
the  Rectus  muscle  to  be  inserted  into  the  linea  alba ;  those  which  arise  from  the 
middle  third  of  the  origin  from  the  crest  of  the  ilium  pass  obliquely  upward  and 
inward,  and  terminate  in  an  aponeurosis,  which  divides  opposite  the  linea  semilunaris 
into  two  lamellae,  which  are  continued  forward,  in  front  and  behind  the  Rectus 
muscle,  to  the  linea  alba ;  the  posterior  lamella,  being  also  connected  to  the  cartilages 
of  the  seventh,  eighth,  and  ninth  ribs ;  the  most  posterior  fibres  pass  almost 
vertically  upward,  to  be  inserted  into  the  lower  borders  of  the  cartilages  of  the 
three  lower  ribs,  being  continuous  with  the  Internal  intercostal  muscles. 

The  conjoined  tendon  of  the  Internal  oblique  and  Trans  versalis  is  inserted  into 
the  crest  of  the  os  pubis  and  pectineal  line,  immediately  behind  the  external 
abdominal  ring,  serving  to  protect  what  would  otherwise  be  a  weak  point  in  the 
abdominal  wall.  Sometimes  this  tendon  is  insuflScient  to  resist  the  pressure 
from  within,  and  is  carried  forward  in  front  of  the  protrusion  through  the  external 
ring,  forming  one  of  the  coverings  of  direct  inguinal  hernia ;  or  the  hernia  forces 
its  way  through  the  fibres  of  the  conjoined  tendon. 

The  aponeurosis  of  the  Internal  oblique  is  continued  forward  to  the  middle  line 
of  the  abdomen,  where  it  joins  with  the  aponeurosis  of  the  opposite  muscle  at  the 
linea  alba,  and  extends  from  the  margin  of  the  thorax  to  the  os  pubis.  At  the  outer 
margin  of  the  Rectus  muscle,  this  aponeurosis,  for  the  upper  three-fourths  of  its 
extent,  divides  into  two  lamellae,  which  pass,  one  in  front  and  the  other  behind 
the  muscle,  enclosing  it  in  a  kind  of  sheath,  and  reuniting  on  its  inner  border  at 
the  linea  alba ;  the  anterior  layer  is  blended  with  the  aponeurosis  of  the  External 
oblique  muscle ;  the  posterior  layer  with  that  of  the  Transversalis.  Along  the 
lower  fourth  the  aponeurosis  passes  altogether  in  front  of  the  Rectus  without  any 
separation. 

Relations. — By  its  external  mrface^  with  the  External  oblique,  Latissimus 
dorsi,  spermatic  cord,  and  external  ring ;  by  its  internal  surface^  with  the  Trans- 
versalis muscle,  the  lower  intercostal  vessels  and  nerves,  the  ilio-hypogastric  and 
the  ilio-inguinal  nerves.  Near  Poupart's  ligament  it  lies  on  the  fascia  transversalis, 
internal  ring,  and  spermatic  cord.  Its  lower  border  forms  the  upper  boundary  of 
the  spermatic  canal. 

The  Cremaster  muscle  is  a  thin  muscular  layer,  composed  of  a  number  of 
fasciculi  which  arise  from  the  middle  of  Poupart's  ligament  at  the  inner  side  of 
the  Internal  oblique,  being  connected  with  that  muscle,  and  also  occasionally  with 
the  Transversalis.  It  passes  along  the  outer  side  of  the  spermatic  cord,  descends 
with  it  through  the  external  abdominal  ring  upon  the  front  and  sides  of  the  cord, 
and  fomis  a  series  of  loops  which  diifer  in  thickness  and  length  in  different  subjects. 
Those  at  the  upper  part  of  the  cord  are  exceedingly  short,  but  they  become  in 
succession  longer  and  longer,  the  longest  reaching  down  as  low  as  the  testicle, 
where  a  few  are  inserted  into  the  tunica  vaginalis.  These  loops  are  united 
together  by  areolar  tissue,  and  form  a  thin  covering  over  the  cord  and  testis,  the 
fascia  cremasterica.  The  fibres  ascend  along  the  inner  side  of  the  cord,  and  are 
inserted  by  a  small  pointed  tendon  into  the  crest  of  the  os  pubis  and  front  of  the 
sheath  of  the  Rectus  muscle. 

It  will  be  observed  that  the  origin  and  insertion  of  the  Cremaster  is  precisely 
similar  to  that  of  the  lower  fibres  of  the  Internal  oblique.  This  fact  affords  an  easy 
explanation  of  the  manner  in  which  the  testicle  and  cord  are  invested  by  this 
muscle.     At  an  early  period  of  foetal  life  the  testis  is  placed  at  the  lower  and  back 
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part  of  the  abdominal  cavity,  but  during  its  descent  toward  the  scrotum,  which 
takes  place  before  birth,  it  passes  beneath  the  arched  fibres  of  the  Internal  oblique. 
In  its  passage  beneath  this  muscle  some  fibres  are  derived  from  its  lower  part 
which  accompany  the  testicle  and  cord  into  the  scrotum.  It  occasionally  happens 
that  the  loops  of  the  Cremaster  surround  the  cord,  some  lying  behind  as  well  as  in 
front.  It  is  probable  that  under  these  circumstances  the  testis,  in  its  descent, 
passed  through  instead  of  beneath  the  fibres  of  the  Internal  oblique. 

In  the  descent  of  an  oblique  inguinal  hernia,  which  takes  the  same  course  as 
the  spermatic  cord,  the  Cremaster  muscle  forms  one  of  its  coverings.  This  muscle 
becomes  largely  developed  in  cases  of  hydrocele  and  large  old  scrotal  hernia.  No 
sach  muscles  exist  in  the  female,  but  an  analogous  structure  is  developed  in  those 
cases  where  an  oblique  inguinal  hernia  descends  beneath  the  margin  of  the  Internal 
oblique. 

Dissection. — Detach  the  Internal  oblique  in  order  to  expose  the  Transversalis  beneath.  This 
may  be  effected  by  dividing  the  muscle,  above,  at  its  attachment  to  the  ribs ;  below,  at  its  con- 
nectidki  with  Poupart's  ligament  and  the  crest  of  the  ilium ;  and  behind,  by  a  vertical  incision 
extending  from  tne  last  rib  to  the  crest  of  the  ilium.  The  muscle  should  previously  be  made 
tense  by  drawing  upon  it  with  the  fingers  of  the  left  hand,  and  if  its  division  is  carefully  effected, 
the  cellular  interval  between  it  and  the  Transversalis,  as  well  as  the  direction  of  the  fibres  of  the 
latter  muscle,  will  afford  a  clear  guide  to  their  separation ;  along  the  crest  of  the  ilium  the  cir- 
cumflex iliac  vessels  are  interposed  between  them,  and  form  an  important  guide  in  separating 
them.    The  muscle  should  then  be  thrown  forward  toward  the  linea  alba. 

The  Transversalis  muscle  (Fig.  294),  so  called  from  the  direction  of  its  fibres,  is 
the  most  internal  flat  muscle  of  the  abdomen,  being  placed  immediately  beneath 
the  Internal  oblique.  It  arises  by  fleshy  fibres  from  the  outer  third  of  Poupart's 
ligament;  from  the  inner  lip  of  the  crest  of  the  ilium  for  its  anterior  three- 
fourths  ;  from  the  inner  surface  of  the  cartilages  of  the  six  lower  ribs,  interdigitating 
with  the  Diaphragm  ;  and  by  the  lumbar  fascia  from  the  spinous  and  transverse 
processes  of  the  lumbar  vertebrae.  The  muscle  terminates  in  front  in  a  broad 
aponeurosis,  the  lower  fibres  of  which  curve  downward  and  inward,  and  are 
inserted,  together  with  those  of  the  Internal  oblique,  into  the  lower  part  of  the 
linea  alba,  the  crest  of  the  os  pubis  and  pectineal  line,  forming  what  is  known  as 
the  conjoined  tendon  of  the  Internal  oblique  and  Transversalis.  Throughout  the 
rest  of  its  extent  the  aponeurosis  passes  horizontally  inward,  and  is  inserted  into 
the  linea  alba ;  its  upper  three-fourths  passing  behind  the  Rectus  muscle,  blending 
j  with  the  posterior  lamella  of  the  Internal  oblique ;  its  lower  fourth  passing  in 

•  front  of  the  Rectus. 

!  Relations. — By  its  external  surface,  with    the  Internal  oblique,  and  the  inner 

I  surface  of  the  cartilages  of  the  lower  ribs ;  by  its  internal  surface^  with  the  fascia 

I  transversalis,  which  separates  it  from  the  peritoneum.     Its  lower  border  forms  the 

!  upper  boundary  of  the  spermatic  canal. 

Bissecticn. — ^To  exoosc  the  Rectus  muscle,  open  its  sheath  by  a  vertical  incision  extending 
from  the  margin  of  the  tnorax  to  the  os  i)ubis,  ana  then  reflect  the  two  portions  from  the  surface 
of  the  muscle,  which  is  easily  done,  excepting  at  the  linese  transversa;,  where  so  close  an 
adhesion  exists  that  the  greatest  care  is  requisite  in  separating  them.  Now  raise  the  outer  ed^e 
of  the  muscle,  in  order  to  examine  the  posterior  layer  of  the  sheath.  By  dividinj?  the  muscle  m 
ihe  centre,  and  turning  its  lower  part  downward,  the  point  where  the  posterior  wall  of  the 
sheath  terminates  in  a  thin  curved  margin  will  be  seen. 

The  Bectns  abdominis  is  a  long  flat  muscle,  which  extends  along  the  whole 
length  of  the  front  of  the  abdomen,  being  separated  from  its  fellow  of  the  opposite 
side  by  the  linea  alba.  It  is  much  broader,  but  thinner,  above  than  below,  and 
arises  by  two  tendons,  the  external  or  larger  being  attached  to  the  crest  of  the  os 
pubis,  the  internal,  smaller  portion  interlacing  with  its  fellow  of  the  opposite  side, 
and  being  connected  with  the  ligaments  covering  the  front  of  the  symphysis  pubis. 
The  fibres  ascend,  and  the  muscle  is  inserted  by  three  portions  of  unequal  size 
into  the  cartilages  of  the  fifth,  sixth,  and  seventh  ribs.  Some  fibres  are  occasion- 
ally connected  with  the  costo-xiphoid  ligaments  and  side  of  the  ensiform  cartilage. 

The  Rectus  muscle  is  traversed  bv  tendinous  intersections,  three  in  number^ 
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attachment  to  the  sternum  and  costal  cartilBces.  The  muscle  should  then  be  r«flecl«d  ontiCBrd. 
and  its  tendon  carefully  examined.  The  Pectoralis  minor  is  now  exposed,  and  immediiirly 
abovc  it,  in  the  interval  between  its  upper  border  and  the  clavicle,  a  strong  fascia,  the  n<ti-r 
COracoid  meiidirane. 

The  coato-coracoid  membrane  is  a  strong  fascia  placed  between   the  clavicle 
and  the  upper  border  of  the  Pectoralis  minor  muscle,  which  protects  the  axillary 
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vessels  and  nerves.  Above,  it  is  attached  to  the  anterior  margin  of  ihe  Subclavian 
groove  on  the  under  surface  of  the  clavicle,  and  is  connected  with  a  layer  nf 
cervical  fascia  which  overlies  the  Omo-hyoid  muscle,  and  forms  the  posterior  layer 
of  the  sheath  of  the  Subclavius  muscle.  Internally,  it  is  attached  to  the  first  ril> 
internal  to  the  origin  of  the  Subclavius  muscle.  Externally  it  is  very  thick  and 
dense,  and  is  attached  to  the  coracoid  process.  The  portion  extending  from  i;- 
attachment  to  the  first  rib  to  the  coracoid  process  is  often  whiter  and  denser  than 
the  rest;  this  is  sometimes  called  the  rogfo-eoracoid  ligament.  Below,  it  is  ihin. 
and  at  the  upper  border  of  the  Pectoralis  minor  it  splits  into  two  layers  to  invtst 
the  muscle;  from  the  lower  border  of  the  Pectoralis  minor  it  is  continued  down- 
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inner  border,  are  inserted  into  the  linea  alba.  This  arrangement  of  the  aponeuroses 
exists  along  the  upper  three-fourths  of  the  muscle :  at  the  commencement  of  the 
lower  fourth,  the  posterior  wall  of  the  sheath  terminates  in  a  thin  curved  margin, 
the  semilunar  fold  of  Douglas^  the  concavity  of  which  looks  downward  toward 
the  pubes ;  the  aponeuroses  of  all  three  muscles  passing  in  front  of  the  Rectus 
without  any  separation.  The  extremities  of  the  fold  of  Douglas  descend  as  pillars 
to  the  OS  pubis.  The  inner  pillar  is  attached  to  the  symphysis  pubis ;  the  outer 
pillar,  which  is  named  by  Braune  the  ligament  of  Hesselbach,  divides  below  to 
enclose  the  internal  abdominal  ring;  the  internal  fibres  are  attached  to  the 
horizontal  ramus  of  the  os  pubis  and  the  pectineal  fascia ;  the  external  ones  pass 
to  the  Psoas  fascia  and  to  the  Transversalis  where  it  arises  from  Poupart's 
ligament  on  the  outer  side  of  the  ring.     The  Rectus  muscle,  in  the  situation 


Fio.  295.— A  transverse  section  of  the  abdomen  In  the  lumbar  region. 

where  its  sheath  is  deficient,  is  separated  from  the  peritoneum  by  the  transversalis 
fascia. 

The  Pyramidalis  is  a  small  muscle,  triangular  in  shape,  placed  at  the  lower 
part  of  the  abdomen,  in  front  of  the  Rectus,  and  contained  in  the  same  sheath 
with  that  muscle.  It  arises  by  tendinous  fibres  from  the  front  of  the  os  pubis 
and  the  anterior  pubic  ligament ;  the  fleshy  portion  of  the  muscle  passes  upward, 
diminishing  in  size  as  it  ascends,  and  terminates  by  a  pointed  extremity,  which  is 
inserted  into  the  linea  alba,  midway  between  the  umbilicus  and  the  os  pubis.  This 
muscle  is  sometimes  found  wanting  on  one  or  both  sides ;  the  lower  end  of  the 
Rectus  then  becomes  proportionately  increased  in  size.  Occasionally  it  has  been 
found  double  on  one  side,  or  the  muscles  of  the  two  sides  are  of  unequal  size. 
Sometimes  its  length  exceeds  what  is  stated  above. 

Belations. — Its  anterior  surface  is  covered  bv  the  sheath  of  the  Rectus.  Its 
posterior  surface  rests  against  the  Rectus  itself.  To  expose  the  Pyramidalis, 
make,  through  the  sheath  of  the  Rectus,  a  vertical  incision  the  lower  end  of 
which  should  begin  just  a  little  to  one  side  of,  and  on  a  level  with,  the  symphysis 
pubis, 

Kerves. — The  abdominal  muscles  are  supplied  by  the  lower  intercostal  nerves. 
The  Internal  oblique  also  receives  a  filament  from  the  ilio-inguinal  nerve.  The 
Cremaster  is  supplied  by  the  genital  branch  of  the  Genito-crural. 

In  the  description  of  the  abdominal  muscles  mention  has  frequently  been  made 
of  the  linea  alba,  lineae  semilunares,  and  lineae  transversa^ ;  when  the  dissection  of 
the  muscles  is  completed  these  structures  should  be  examined. 

The  linea  alba  is  a  tendinous  raphe  seen  along  the  middle  line  of  the  abdomen, 
extending  from  the  ensiform  cartilage  to  the  symphysis  pubis,  to  which  it  is 
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attached.  It  is  placed  between  the  inner  borders  of  the  Recti  muscles,  and  is 
formed  by  the  blending  of  the  aponeuroses  of  the  Obliqui  and  Transversales  muscles. 
It  is  narrow  below,  corresponding  to  the  narrow  interval  existing  between  the 
Recti ;  but  broader  above,  as  these  muscles  diverge  from  one  another  in  their 
ascent,  becoming  of  considerable  breadth  after  great  distension  of  the  abdomen  from 
pregnancy  or  ascites.  It  presents  numerous  apertures  for  the  passage  of  vessels 
and  nerves :  the  largest  of  these  is  the  umbilicus,  which  in  the  foetus  transmits  the 
umbilical  vessels,  but  in  the  adult  is  obliterated,  the  cicatrix  being  stronger  than 
the  neighboring  parts ;  hence  umbilical  hernia  occurs  in  the  adult  near  the 
umbilicus,  whilst  in  the  foetus  it  occurs  at  the  umbilicus.  The  linea  alba  is  in 
relation,  in  front,  with  the  integument,  to  which  it  is  adherent,  especially  at  the 
umbilicus ;  behind,  it  is  separated  from  the  peritoneum  by  the  transversalis  fascia ; 
and  below,  by  the  urachus,  and  the  bladder  when  that  organ  is  distended. 

The  lineaB  semllunares  are  two  curved  tendinous  lines  placed  one  on  each  side 
of  the  linea  alba.  Each  corresponds  with  the  outer  border  of  the  Rectus  muscle, 
extends  from  the  cartilage  of  the  ninth  rib  to  the  pubic  spine,  and  is  formed  by 
the  aponeurosis  of  the  Internal  oblique  at  its  point  of  division  to  enclose  the 
Rectus,  where  it  is  reinforced  in  front  by  the  External  oblique  and  behind  by  the 
Transversalis. 

The  lineaB  transversaB  are  three  narrow  transverse  lines  which  intersect  the 
Recti  muscles,  as  already  mentioned  ;  they  connect  the  lineae  semilunares  with  the 
linea  alba. 

Actions. — The  abdominal  muscles  perform  a  threefold  action : 

When  the  pelvis  and  thorax  are  fixed,  they  compress  the  abdominal  viscera,  by 
constricting  the  cavity  of  the  abdomen,  in  which  action  they  are  materially  assisted 
by  the  descent  of  the  diaphragm.  By  these  means  the  foetus  is  expelled  from  the 
uterus,  the  faeces  from  the  rectum,  the  urine  from  the  bladder,  and  the  contents  of 
the  stomach  in  vomiting. 

If  the  pelvis  and  spine  are  fixed,  these  muscles  compress  the  lower  part  of  the 
thorax,  materially  assisting  expiration. '  If  the  pelvis  alone  is  fixed,  the  thorax  is 
bent  directly  forward  when  the  muscles  of  both  sides  act,  or  to  either  side  when 
those  of  the  two  sides  act  alternately,  rotation  of  the  trunk  at  the  same  time  taking 
place  to  the  opposite  side. 

If  the  thorax  is  fixed,  these  muscles,  acting  together,  draw  the  pelvis  upward, 
as  in  climbing ;  or,  acting  singly,  they  draw  the  pelvis  upward,  and  rotate  the 
vertebral  column  to  one  side  or  the  other.  The  Recti  muscles,  acting  from  below, 
depress  the  thorax,  and  consequently  flex  the  vertebral  column  ;  when  acting  from 
above,  they  flex  the  pelvis  upon  the  vertebral  column.  The  Pyramidales  are 
tensors  of  the  linea  alba. 

The  fascia  transversalis  is  a  thin  aponeurotic  membrane  which  lies  betw^een 
the  inner  surface  of  the  Transversalis  muscle  and  the  peritoneum.  It  forms  part 
of  the  general  layer  of  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic 
cavities,  and  is  directly  continuous  with  the  iliac  and  pelvic  fasciae.  In  the  inguinal 
region  the  transversalis  fascia  is  thick  and  dense  in  structure,  and  joined  by  fibres 
from  the  aponeurosis  of  the  Transversalis  muscle,  but  it  becomes  thin  and  cellular 
as  it  ascends  to  the  diaphragm.  Below,  it  has  the  following  attachments :  external 
to  the  femoral  vessels  it  is  connected  to  the  posterior  margin  of  Poupart's  ligament, 
and  is  there  continuous  with  the  iliac  fascia.  Internal  to  the  femoral  vessels  it  is 
thin  and  attached  to  the  os  pubis  and  pectineal  line,  behind  the  conjoined  tendon, 
with  which  it  is  united  ;  and,  corresponding  to  the  point  where  the  femoral  vessels 
pass  into  the  thigh,  this  fascia  descends  in  front  of  them,  forming  the  anterior 
wall  of  the  crural  sheath.  The  spermatic  cord  in  the  male  and  the  round  ligament 
in  the  female  pass  through  this  fascia :  the  point  where  they  pass  through  is  called 
the  internal  abdominal  ring.  This  opening  is  not  visible  externally,  owing  to  a 
prolongation  of  the  transversalis  fascia  on  the  structures,  forming  the  infundib- 
uliform  process. 

The  internal  or  deep  abdominal  ring  is  situated  in  the  transversalis  fascia. 
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midway  between  the  anterior  superior  spine  of  the  ilium  and  the  spine  of  the  os 
pubis,  and  about  half  an  inch  above  Poupart's  ligament.  It  is  of  an  oval  form, 
the  extremities  of  the  oval  directed  upward  and  downward,  varies  in  size  in  diflFerent 
subjects,  and  is  much  larger  in  the  male  than  in  the  female.  It  is  bounded,  above 
and  externally,  by  the  arched  fibres  of  the  Transversalis  ;  below  aiid  internally,  by 
the  deep  epigastric  vessels.  It  transmits  the  spermatic  cord  in  the  male  and  the 
round  ligament  in  the  female.  From  its  ^circumference  a  thin  funnel-shaped 
membrane,  the  infundibuliform  fascia^  is  continued  round  the  cord  and  testis, 
enclosing  them  in  a  distinct  pouch. 

When  the  sac  of  an  oblique  inguinal  hernia  passes  through  the  internal  or  deep  abdominal 
ring,  the  infundibuliform  process  or  the  transversalis  fascia  forms  one  of  its  coverings. 

The  inguinal  or  spermatic  canal  contains  the  spermatic  cord  in  the  male  and 
the  round  ligament  in  the  female.  It  is  an  oblique  canal  about  an  inch  and  a  half 
in  length,  directed  downward  and  inward,  and  placed  parallel  to  and  a  little  above 
Poupart's  ligament.  It  commences  above  at  the  internal  or  deep  abdominal  ring, 
which  is  the  point  where  the  cord  enters  the  spermatic  canal,  and  terminates  below 
at  the  external  ring.  It  is  bounded  in  front  by  the  integument  and  superficial 
fascia,  by  the  aponeurosis  of  the  External  oblique  throughout  its  whole  length,  and 
by  the  Internal  oblique  for  its  outer  third ;  behind,  by  the  triangular  ligament,  the 
conjoined  tendon  of  the  Internal  oblique  and  Transversalis,  transversalis  fascia, 
and  the  subperitoneal  fat  and  peritoneum ;  above,  by  the  arched  fibres  of  the 
Internal  oblique  and  Transversalis ;  below,  by  the  union  of  the  fascia  transversalis 
with  Poupart's  ligament.' 

That  form  of  protrusion  in  which  the  intestine  follows  the  course  of  the  spermatic  cord 
along  the  spermatic  canal  is  called  oblique  inguinal  hernia. 

The  Deep  Crural  Arch. — Passing  across  the  front  of  the  crural  arch,  on  the 
abdominal  side  of  Poupart's  ligament  and  closely  connected  with  it,  is  a  thickened 
band  of  fibres  called  the  deep  crural  arch.  It  is  apparently  a  thickening  of  the 
fascia  transversalis,  joining  externally  to  the  centre  of  Poupart's  ligament,  and 
arching  across  the  front  of  the  crural  sheath  to  be  inserted  by  a  broad  attachment 
into  the  pectineal  line,  behind  the  conjoined  tendons.  In  some  subjects  this 
structure  is  not  very  prominently  marked,  and  not  unfrequently  it  is  altogether 
wanting. 

SuiDeu^e  Form. — ^The  only  two  muscles  of  this  group  which  have  anv  considerable  influ- 
ence on  surface  form  are  the  Extemsd  obli€[ue  and  Rectus  muscles  of  the  abdomen.  With 
regard  to  the  External  oblique,  the  upper  digitations  of  its  origin  from  the  ribs  are  well  marked, 
intermingled  with  the  serrations  of  tne  Serratus  magnus ;  the  lower  digitations  are  not  visible, 
being  covered  by  the  thick  border  of  the  Latissimus  dorsi.  Its  attachment  to  the  crest  of  the 
ilium,  in  conjunction  with  the  Internal  oblique,  forms  a  thick  oblique  roll,  which  determines  the 
iliac  furrow.  Sometimes  on  the  front  of  the  lateral  region  of  the  abdomen  an  undulating  out- 
line marks  the  spot  where  the  muscular  fibres  terminate  and  the  aponeurosis  commences.  The 
outer  border  of  the  Rectus  is  defined  by  the  Unea  seinilunaris^  which  may  be  exactly  defined  by 
putting  the  muscle  into  action.  It  corresponds  with  a  curved  line,  with  its  convexity  outward, 
<lniwn  from  the  lowest  part  of  the  cartilage  of  the  seventh  rib  to  the  spine  of  the  os  pubis,  so 
that  the  centre  of  the  line,  at  or  near  the  umbilicus,  is  three  inches  from  the  median  line.  The 
inner  border  of  the  Rectus  corresponds  U)  the  Unea  aUxij  marked  on  the  surface  of  the  body  by 
a  groove,  the  abdominal  furrow,  which  extends  from  the  infrastemal  fossa  to,  or  to  a  little  below, 
the  umbilicus,  where  it  gradually  becomes  lost.  The  surface  of  the  Rectus  presents  tliree  trans- 
veree  furrows,  the  linecR  transversa'.  The  upper  two  of  these,  one  opposite  or  a  little  below  the 
tip  of  the  ensiform  cartilage,  and  another,  midway  between  this  point  and  the  umbilicus,  are 
usually  well  marked ;  the  third,  opposite  the  umbilicus,  is  not  so  distinct.  The  umbilicus,  situ- 
ated in  the  linea  alba,  varies  very  much  in  position  as  regards  its  height.  It  is  always  situated 
above  a  zone  drawn  round  the  body  opposite  the  highest  jwint  of  the  crest  of  the  ilium,  gene- 
rally being  about  three-quarters  of  an  inch  to  an  inch  above  this  line.  It  generally  corresponds, 
therefore,  to  the  fibro-cartilage  between  the  third  and  fourth  lumbar  vertebrae. 

Deep  Muscles  of  the  Abdomen. 

Psoas  parvus.  Iliacus. 

Psoas  magnus.  Quadratus  lumborum. 
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The  Psoas  magnus,  the  Psoas  parvus,  and  the  Iliacus  muscles,  with  the  fascia 
covering  them,  will  he  described  with  the  Muscles  of  the  Lower  Extremity  (see 
page  506). 

The  Fascia  covering  the  Quadratus  Lnmbonun. — This  is  the  most  internal 
of  the  two  layers  of  fascia  which  are  given  oflF  from  the  anterior  or  deep 
surface  of  the  lumbar  fascia.  It  is  a  thin  layer  of  fascia  which,  passing  over 
the  anterior  surface  of  the  Quadratus  lumborum,  is  attached,  internally,  to  the 
anterior  surface  of  the  transverse  processes  of  the  lumbar  vertebrae ;  below  to 
the  ilio-lumbar  ligament ;  and  above,  to  the  apex  and  lower  border  of  the  last  rib. 

The  portion  of  this  fascia  which  extends  from  the  transverse  process  of  the 
first  lumbar  vertebra  to  the  apex  and  lower  border  of  the  last  rib  constitutes  the 
ligamentum  arcuatum  externum. 

The  Quadratus  lumborum  (Fig.  288,  page  437)  is  situated  in  the  lumbar  region. 
It  is  irregularly  quadrilateral  in  shape,  and  broader  below  than  above.  It  arises  by 
aponeurotic  fibres  from  the  ilio-lumbar  ligament  and  the  adjacent  portion  of  the 
crest  of  the  ilium  for  about  two  inches,  and  is  inserted  into  the  lower  border  of  the 
last  rib  for  about  half  its  length  and  by  four  small  tendons,  into  the  apices  of 
the  transverse  processes  of  the  four  upper  lumbar  vertebrae.  Occasionally  a  second 
portion  of  this  muscle  is  found  situated  in  front  of  the  preceding.  It  arises  from 
the  upper  borders  of  the  transverse  processes  of  the  lumbar  vertebrae,  and  is  inserted 
into  the  lower  margin  of  the  last  rib.  The  Quadratus  lumborum  is  contained  in  a 
sheath  formed  by  the  anterior  and  middle  lamellae  of  the  lumbar  fasciae. 

Relations. — Its  anterior  surface  (or  rather  the  fascia  which  covers  its  anterior 
surface)  is  in  relation  with  the  colon,  the  kidney,  the  Psoas  muscle,  and  the 
Diaphragm.  Its  posterior  surface  is  in  relation  with  the  middle  lamella  of  the 
lumbar  fascia,  which  separates  it  from  the  Erector  spinae.  The  Quadratus 
lumborum  extends,  however,  beyond  the  outer  border  of  the  Erector  spinae. 

Nerve-supply. — The  anterior  branches  of  the  lumbar  nerves. 

Actions. — The  Quadratus  lumborum  draws  down  the  last  rib,  and  acts  as  a 
muscle  of  forced  expiration ;  but,  at  the  same  time,  by  fixing  the  last  rib,  it 
opposes  the  tendency  of  the  Diaphragm  to  draw  it  upward,  and  thus  it  becomes  an 
assistant  to  inspiration.  If  the  thorax  and  spine  are  fixed,  it  may  act  upon  the 
pelvis,  raising  it  toward  its  own  side  when  only  one  muscle  is  put  in  action  ;  and 
when  both  muscles  act  together,  either  from  below  or  above,  they  flex  the  trunk. 

Muscles  of  the  Pelvic  Outlet  or  of  the  Ischio-rectal  Region  and  PerinaBiim. 

Corrugator  cutis  ani.  Internal  sphincter  ani. 

External  sphincter  ani.  Levator  ani. 

Coccygeus. 
^Transversus  perinaei.  fTransversus  perinaei. 


In  Male. 


Accelerator  urinae.  r    xr       ?         Sphincter  vaginae. 

T?      J.  '  In  Female,    s  i?      i.       !•<..    -j- 

rirector  penis.  I  Jhjrector  clitoridis. 

^Compressor  urethrae.  (^Compressor  urethrae. 


The  Corrugator  Cutis  Ani. — Around  the  anus  is  a  thin  stratum  of  involuntary 
muscular  fibre,  which  surrounds  it  in  a  radiating  manner.  Internally,  the  fibres 
fade  off  into  the  submucous  tissue,  whilst  externally  they  blend  with  the  true 
skin.  By  its  contraction  it  raises  the  skin  into  ridges  radiating  from  the  margin  of 
the  anus. 

The  External  sphincter  ani  is  a  thin,  fiat  plane  of  muscular  fibres,  elliptical  in 
shape  and  intimately  adherent  to  the  integument  surrounding  the  margin  of  the 
anus.  It  measures  about  three  or  four  inches  in  length  from  its  anterior  to  its 
posterior  extremity,  being  about  an  inch  in  breadth  opposite  the  anus.  It  arises 
from  the  tip  of  the  coccyx  by  a  narrow  tendinous  band,  and  from  the  superficial 
fascia  in  front  of  that  bone ;  and  is  inserted  into  the  central  tendinous  point  of  the 
perinaeum,  joining  with  the  Transversus  perinaei,  the  Levator  ani,  and  the  Accelera- 
tor urinae.     Like  other  sphincter  muscles,  it  consists  of  two  planes  of  muscular 
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fibre,  which  surround  the  margin  of  the  anua,  and  Join  in  a  commiseure  In  front 
and  behind. 

Rorve-Bupply. — A  branch  from  the  anterior  diviaioa  of  the  fourth  aa^ral  and 
the  inferior  hsemorrhoidal  branch  of  the  internal  pudic. 

Actions. — The  action  of  this  muscle  is  peculiar:  1.  It  is,  like  other  muscleB, 
alwaya  in  a  state  of  tonic  contraction,  and  having  no  antagonistic  muscle  it  keeps 
the  anal  orifice  closed.  2.  It  can  be  put  into  a  condition  of  greater  contractior 
under  the  influence  of  the  will,  so  as  to  more  firmly  occlude  the  anal  aperture. 
3.  Taking  its  fixed  point  at  the  coccyx,  it  helps  to  fix  the  central  point  of  the 
perinseum,  so  that  the  Accelerator  may  act  from  this  fixed  point. 

The  Internal  sphincter  is  amuscular  ring  which  surrounds  the  lower  extremity 
of  the  rectum  for  about  an  inch,  its  inferior  border  being  contiguous  to,  but  quite 
raparate  from,  the  External  sphincter.  This  muscle  is  about  two  Hues  in  thickness, 
and  is  formed  by  an  aggregation  of  the  involuntary  circular  fibres  of  the  intestine. 
It  is  paler  in  color  and  less  coarse  in  texture  than  the  External  sphincter. 

Actions. — Its  action  is  entirely  involuntary.  It  helps  the  External  sphincter 
to  occlude  the  anal  aperture. 

The  Lflvator  ami  (Fig.  296)  is  a  broad,  thin  muscle,  situated  on  each  aide  of  the 
pelvis.     It  is  attached  to  the  inner  surface  of  the  sides  of  the  true  pelvis,  and 


Pin.  :m.— Side  view  af  pelvis,  showing  Levator  snl.    (Fioia  a.  preparation  In  the  Museum  ot  the  HotkI  Col 
Isgeofgopgeons,} 

descending  unites  with  its  fellow  of  the  opposite  side  to  form  the  floor  of  the  pelvic 
cavity.  It  supports  the  viscera  in  this  cavity  and  surrounds  the  various  structures 
which  pass  through  it.  It  arises,  in  front,  from  the  posterior  surface  of  the  bodv 
and  ramus  of  the  OS  pubis  on  the  outer  side  of  the  symphysis;  posteriorly,  from 
the  inner  surface  of  the  spine  of  the  ischium ;  and  between  these  two  points  from 
the  angle  of  division  between  the  obturator  and  recto-vesical  layers  of  the  pelvic 
fescia  at  their  nnder  part.  The  fibres  pas.s  downward  to  the  middle  line  of  the  floor 
of  the  pelvis,  and  are  inserted,  the  most  posterior  into  the  sides  of  the  apex 
of  the  coccyx  ;  those  placed  more  anteriorly  unite  with  the  muscles  of  the  opposite 
side,  in  a  median  fibrous  raphe,  which  extends  between  the  coccyx  and  the  margin 
of  the  anus.     The  middle  fibres,  which  form  the  larger  portion  of  the  muscle,  are 
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inserted  into  the  side  of  the  rectum,  blending  with  the  fibres  of  the  Sphincter 
muscles ;  lastly,  the  anterior  fibres,  the  longest,  descend  upon  the  side  of  the 
prostate  gland  to  unite  beneath  it  with  the  muscle  of  the  opposite  side,  blending 
with  the  fibres  of  the  External  sphincter  and  Transversus  perinaei  muscles  at  the 
central  tendinous  point  of  the  perinaeum. 

The  anterior  portion  is  occasionally  separated  from  the  rest  of  the  muscle  by 
connective  tissue.  From  this  circumstance,  as  well  as  from  its  peculiar  relation 
with  the  prostate  gland,  descending  by  its  side,  and  surrounding  it  as  in  a  sling, 
it  has  been  described  by  Santorini  and  others  as  a  distinct  muscle,  under  the  name 
of  Levator  prostatae.  In  the  female,  the  anterior  fibres  of  the  Levator  ani  descend 
upon  the  side  of  the  vagina. 

Relations. — ^By  its  inner  or  pelvic  surface^  with  the  recto- vesical  fascia,  which 
separates  it  from  the  viscera  of  the  pelvis  and  from  the  peritoneum.  By  its  outer 
or  perineal  surface^  it  forms  the  inner  boundary  of  the  ischio-rectal  fossa,  and  is 
covered  by  a  thin  layer  of  fascia,  the  iachio-rectal  or  anal  fascia,  given  ofi"  from  the 
obturator  fascia.  Its  posterior  border  is  continuous  with  the  Coccygeus  muscle. 
Its  anterior  border  is  separated  from  the  muscle  of  the  opposite  side  by  a  triangular 
space,  through  which  the  urethra,  and  in  the  female  the  vagina,  passes  from  the 
pelvis. 

Nerve-supply. — A  branch  from  the  anterior  division  of  the  fourth  sacral  nerve. 

Actions. — This  muscle  supports  the  lower  end  of  the  rectum  and  vagina,  and 
also  the  bladder  during  the  efforts  of  expulsion.  It  elevates  and  inverts  the  lower 
end  of  the  rectum  after  it  has  been  protruded  and  everted  during  the  expulsion  of 
the  faeces.     It  is  also  a  muscle  of  forced  expiration. 

The  Coccygeus  is  situated  behind  and  parallel  with  the  preceding.  It  is  a  tri- 
angular plane  of  muscular  and  tendinous  fibres,  arising,  by  its  apex,  from  the 
spine  of  the  ischium  and  lesser  sacro-sciatic  ligament,  and  inserted,  by  its  base, 
into  the  margin  of  the  coccyx  and  into  the  side  of  the  lower  piece  of  the  sacrum. 
This  muscle  is  continuous  with  the  posterior  border  of  the  Levator  ani,  and  closes 
in  the  back  part  of  the  outlet  of  the  pelvis. 

Relations. — By  its  inner  or  pelvic  surface^  with  the  rectum;  by  its  external 
surface,  with  the  lesser  sacro-sciatic  ligament ;  by  its  posterior  border,  with  the 
Pyriformis. 

Nerve-supply. — A  branch  from  the  fourth  and  fifth  sacral  nerves. 

Action. — The  Coccygei  muscles  raise  and  support  the  coccyx  after  it  has  been 
pressed  backward  during  defecation  or  parturition. 

Superficial  Fascia. — 'fhe  superficial  fascia  of  the  perinaeum  consists  of  two 
layers,  superficial  and  deep,  as  in  other  regions  of  the  body. 

The  superficial  layer  is  thick,  loose,  areolar  in  texture,  and  contains  much 
adipose  tissue  in  its  meshes,  the  amount  of  which  varies  in  different  subjects.  In 
front,  it  is  continuous  with  the  dartos  of  the  scrotum;  behind,  it  is  continuous 
with  the  subcutaneous  areolar  tissue  surrounding  the  anus ;  and,  on  either  side, 
with  the  same  fascia  on  the  inner  side  of  the  thighs.  This  layer  should  be  care- 
fully removed  after  it  has  been  examined,  when  the  deep  layer  will  be  exposed. 

The  deep  layer  of  superficial  fascia  (Fascia  of  CoUes)  is  thin,  aponeurotic  in 
structure,  and  of  considerable  strength,  serving  to  bind  down  the  muscles  of  the 
root  of  the  penis.  It  is  continuous,  in  front,  with  the  dartos  of  the  scrotum;  on 
either  side  it  is  firmly  attached  to  the  margins  of  the  rami  of  the  os  pubis  and 
ischium,  external  to  the  crus  penis,  and  as  far  back  as  the  tuberosity  of  the  isch- 
ium;  posteriorly,  it  curves  down  behind  the  Transversus  perinaei  muscles  to  join 
the  lower  margin  of  the  deep  perineal  fascia.  This  fascia  not  only  covers  the 
muscles  in  this  region,  but  sends  down  a  vertical  septum  from  its  under  surface,  which 
separates  the  back  part  of  the  su])jacent  space  into  two,  being  incomplete  in  front. 

The  Central  Tendinous  Point  of  the  Perinseum. — This  is  a  fibrous  point  in  the 
middle  line  of  the  perinaeum,  between  the  urethra  and  the  rectum,  being  about 
half  an  inch  in  front  of  the  anus.  At  this  point  four  muscles  converge  and  are 
attached :  viz.  the  External  sphincter  ani,  the  Accelerator  urinae,  and  the  two 
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Transveraus  perinaei ;  so  that  by  the  contraction  of  these  muscles,  which  extend  in 
opposite  directions,  it  serves  as  a  fixed  point  of  support. 

The  TiansversoB  peruiasl  is  a  narrow  muscular  slip,  which  passes  more  or  less 
transversely  across  the  back  part  of  the  perineal  space.  It  arises  by  a  small  tendon 
from  the  inner  and  fore  part  of  the  tuberosity  of  the  ischium,  and,  passing  inward, 
is  inserted  into  the  central  tendinous  point  of  the  perinseum,  joining  in  this  situation 


Fig. 'J!r7.— The  perlnecum.    The  iDtegunieDl;  and  luperflclBl  layer  or  aupeiflclal  bscia  refle 

with  the  muscle  of  the  opposite  side,  the  External  sphincter  ani  behind,  and  the 
Accelerator  urinae  in  front. 

Nerve-snpply. — The  perineal  branch  of  the  internal  pudic. 

Actions. — By  their  contraction  they  serve  to  fix  the  central  tendinous  point  of 
the  perinseum. 

The  Accelerator  urine  {Ejaeulator  »emmis,  or  Bulho-cavemositB)  is  placed  in 
the  middle  line  of  the  perinfeum,  immediately  in  front  of  the  anus.  It  consists  of 
two  symmetrical  halves,  united  along  the  median  line  by  a  tendinous  raphe.  It 
arises  from  the  central  tendon  of  the  perin^eum.  and  from  the  median  raphe  in 
front.  From  this  point  ita  fibres  diverge  like  the  plumes  of  a  pen;  the  most 
posterior  form  a  thin  layer,  which  are  lost  on  the  anterior  surface  of  the  triangular 
ligament;  the  middle  fibres  encircle  the  bulb  and  adjacent  parts  of  the  corpus 
spongiosum,  and  join  with  the  fibres  of  the  opposite  side,  on  the  upper  part  of  the 
corpus  spongiosum,  in  a  strong  aponeurosis ;  the  anterior  fibres,  the  longest  and 
most  distinct,  spread  out  over  the  sides  of  the  corpus  cavernosum,  to  be  inserted 
partly  into  that  body,  anterior  to  the  Erector  penis,  occasionally  extending  to  the 
Of  pubis;  partly  terminating  in  a  tendinous  expansion,  which  covers  the  dorsal 
vessels  of  the  penis.  The  latter  fibres  are  best  seen  by  dividing  the  muscle 
longitudinally,  and  dissecting  it  outward  from  the  surface  of  the  urethra. 

Action. — This  muscle  serves  to  empty  the  canal  of  the  urethra,  after  the 
bladder  has  expelled  its  contents ;  during  the  greater  part  of  the  act  of  micturition 
its  fibres  are  relaxed,  and  it  only  comes  into  action  at  the  end  of  the  process.  The 
middle  fibres  are  supposed,  by  Krause,  to  assist  in  the  erection  of  the  corpus 
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spongiosum,  by  compressing  the  erectile  tissue  of  the  bulb.  The  anterior  fibres, 
according  to  Tyrrel,  also  contribute  to  the  erection  of  the  penis,  as  they  are  inserted 
into,  and  continuous  with,  the  fascia  of  the  penis,  compressing  the  dorsal  vein 
during  the  contraction  of  the  muscle. 

The  Erector  peois  covers  the  unattached  part  of  the  crus  penis.  It  is  an 
elongated  muscle,  broader  in  the  middle  than  at  either  extremity,  and  situated  on 
either  side  of  the  lateral  boundary  of  the  perinaeum.     It  arises  by  tendinous  and 


othe  front  or  the  pelvis.    (FrnmB  prepBrdtion  In  IheMuaeum  of  the  Rnfal 

fle-shy  fibres  from  tho  inner  surface  of  the  tuberosity  of  the  ischium,  behind  tbe 
cms  penis,  from  the  surface  of  the  crus,  and  from  the  adjacent  portion  of  the 
ramus  of  the  ischium.  From  these  points  fleshj'  fibres  succeed,  which  end  in  an 
aponeurosis  which  is  inserted  into  the  sides  and  under  surface  of  the  crus  penis. 

Nerve-supply. — The  perineal  branch  of  the  internal  pudic. 

Actions. — It  compresses  the  crus  penis  and  retards  the  return  of  the  blood 
through  the  veins,  and  thus  serves  to  maintain  the  organ  erect. 

Between  the  muscles  just  examined  a  triangular  space  exists,  bounded 
internally  by  the  Accelerator  urinse,  externally  by  the  Erector  penis,  and  behind 
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by  the  Transversus  perinsei.     The  floor  of  this  space  is  formed  by  the  triangular 

ligament  of  the  urethra  (deep  perineal  fascia),  and  running  from  behind  forward 
in  it  are  the  superficial  perineal  vessels  and  nerve,  and  the  transverse  perineal 
arteiy  coursing  along  the  posterior  boundary  of  the  space  on  the  Transversus 
perinsei  muscle. 

The  Triangular  Ligament  (I/eep  perineal  fasvia)  is  a  dense  membranous  lamina, 
which  closes  the  front  part  of  the  outlet  of  the  pelvis.  It  is  triangular  in  shape, 
about  an  inch  and  a  half  in  depth,  attached  above,  by  its  apex,  to  the  under 
surface  of  the  symphysis  pubis  and  subpubic  ligament ;  and  on  each  side  to  the 
rami  of  the  ischium  and  pubes,  beneath  the  crura  penis.  Its  inferior  margin,  or 
ba:se.  is  directed  toward  the  rectum,  and  connected  to  the  central  tendinous  point 
of  the  perinseum.  It  is  continuous  with  the  deep  layer  of  the  superficial  fascia 
behind  the  Transversus  perinsei  muscle,  and  with  a  thin  fascia  which  covers  the 
cutaneous  surface  of  Ihe  Levator  ani  muscle  (anal  or  ischio-rectal  fascia). 


The  Triangular  ligament  is  perforated  by  the  urethra,  about  an  inch  below  the 
symphysis  pubis.  The  aperture  is  circular  inform,  and  about  three  or  four  lines 
in  diameter.  Above  this  is  the  aperture  for  the  dorsal  vein  of  the  penis;  and, 
outside  the  latter,  branches  of  the  pudic  nerve  and  artery  pierce  it. 

The  triangular  ligament  consists  of  two  layers,  superficial  or  inferior,  and  deep 
or  superior ;  these  are  separated  in  front,  but  united  behind. 

The  tuperficial  layer  is  continued  forward,  around  the  anterior  part  of  the 
membranous  portion  of  the  urethra,  becoming  lost  upon  the  bulb.  It  is  pierced  by 
the  duct  of  Cowper's  gland. 

The  deep  layer  is  derived  from  the  obturator  fascia;'  it  is  continued  back- 
ward around  the  posterior  part  of  the  membranous  portion  of  the  urethra  and  the 
outer  surface  of  the  prostate  gland. 

Btrnctnres  between  the  Two  Layers  of  the  Triangular  Ligament. — If  the 
superficial  layer  of  this  fascia  is  detached  on  either  side,  the  following  structures 

'  "On  the  Anatomy  nf  the  Posterior  Layer  nf  the  Triangular  Ligamenl,"  see  a  paper  by  Mr. 
Cirrii^r,  Ouy's  Hotpilal  Repttrtt. 
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will  be  seen  between  it  and  the  deep  layer :  the  subpubic  ligament  above,  close  to 
the  pubes;  the  dorsal  vein  of  the  penia;  the  membranous  portion  of  the  urethra, 
and  the  Compressor  urethrEe  muscle ;  Cowper's  glands  and  their  ducts ;  the  pudic 
vessels  and  nerve ;  the  artery  and  nerve  of  the  bulb,  and  a  plexus  of  veins. 

The  OompresBor  urethrn  {Constrictor  urethrce)  surrounds  the  whole  length  of 
the  membranous  portion  of  the  urethra,  and  is  contained  between  the  two  layers 


side  the  superflcU!  layer  ba*  be*ii 


of  the  triangular  ligament.  It  arises,  by  aponeurotic  fibres,  from  the  upper  part 
of  the  ramus  of  the  os  pubis  on  each  side,  to  the  extent  of  half  or  three-quartera 
of  an  inch  :  each  segment  of  the  muscle  passes  inward,  and  divides  into  two 
fasciculi,  which  surround  the  urethra  from  the  prostate  gland  behind  to  the 
bulbous  portion  of  the  urethra  in  front;  and  unite,  at  the  upper  and  lower 
surfaces  of  this  tube,  with  the  muscle  of  the  opposite  side,  by  means  of  a  tendinous 
raphe. 

Actions. — The  muscles  of  both  sides  act  together  as  a  sphincter,  compressing 
the  membranous  portion  of  the  urethra.  During  the  transmission  of  fluids  they, 
like  the  Acceleratorea  urinae,  are  relaxed,  and  only  come  into  action  at  the  end  of 
the  process  to  eject  the  last  of  the  fluid. 

Muscles  of  the  Perinsenm  in  the  Female. 

The  TransTersuB  pehniei  in  the  female  ia  a  narrow  muscular  slip,  which  passes 
more  or  Il'bs  transversely  across  the  back  part  of  the  perineal  space.  It  arises  by 
a  small  tendon  from  the  inner  and  fore  part  of  the  tuberosity  of  the  ischium,  and, 
passing  inward,  is  inserted  into  the  central  line  of  the  perinteum,  joining  in  this 
situation  witli  the  muscle  of  the  opposite  side,  the  External  sphincter  ani  behind. 
and  the  Sphincter  vaginre  in  front. 

Nerre-Bupply. — The  perineal  branch  of  the  internal  pudic. 

Actions. — By  their  contraction  they  serve  to  fix  the  central  tendinous  point  of 
the  perinjeum. 

The  Sphincter  vaginas  surrounds  the  orifice  of  the  vagina,  and  is  analogous 
to  the  .Accelerator  urin?e  in  the  male.     It  ia  attached  posteriorly  to  the  central 
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tendinous  point  of  the  perinaBum,  where  it  blends  with  the  External  sphincter  ani. 
Its  fibres  pass  forward  on  each  side  of  the  vagina,  to  be  inserted  into  the  corpora 
cavernosa  of  the  clitoris,  a  fasciculus  crossing  over  the  body  of  the  organ  so  as  to 
compress  the  dorsal  vein. 

Nenre-supply. — The  perineal  branch  of  the  internal  pudic. 

Actions. — It  diminishes  the  orifice  of  the  vagina.  The  anterior  fibres  contribute 
to  the  erection  of  the  clitoris,  as  they  are  inserted  into  and  are  continuous  with  the 
fascia  of  the  clitoris ;  compressing  the  dorsal  vein  during  the  contraction  of  the 
muscle. 

The  Erector  clitoridis  resembles  the  Erector  penis  in  the  male,  but  is  smaller  than 
it.  It  covers  the  unattached  part  of  the  crus  clitoridis.  It  is  an  elongated  muscle, 
broader  at  the  middle  than  at  either  extremity,  and  situated  on  either  side  of  the 
lateral  boundary  of  the  perinseum.  It  arises  by  tendinous  and  fleshy  fibres  from 
the  inner  surface  of  the  tuberosity  of  the  ischium,  behind  the  crus  clitoridis  from 
the  surface  of  the  crus,  and  from  the  adjacent  portion  of  the  ramus  of  the  ischium. 
From  these  points  fleshy  fibres  succeed,  which  end  in  an  aponeurosis,  which  is 
inserted  into  the  sides  and  under  surface  of  the  crus  clitoridis. 

Nerre-supply. — The  perineal  branch  of  the  internal  pudic. 

Actions. — It  compresses  the  crus  clitoridis  and  retards  the  return  of  blood 
through  the  veins,  and  thus  serves  to  maintain  the  organ  erect. 

The  triangular  ligament  {deep  perineal  fascia)  in  the  female  is  not  so  strong  as 
in  the  male.  It  is  attached  to  the  pubic  arch,  its  apex  being  connected  with  the  sym- 
physis pubis.  It  is  divided  in  the  middle  line  by  the  aperture  of  the  vagina,  with 
the  external  coat  of  which  it  becomes  blended,  and  in  front  of  this  is  perforated 
by  the  urethra.  Its  posterior  border  is  continuous,  as  in  the  male,  with  the  deep 
layer  of  the  superficial  fascia  around  the  Transversus  perinsei  muscle. 

Stractnres  between  the  Two  Layers  of  the  Triangular  Ligament. — The  subpubic 
ligament  above,  the  dorsal  vein  of  the  clitoris,  the  membranous  portion  of  the 
urethra  and  the  Compressor  urethrse  muscle,  the  glands  of  Bartholin  and  their 
ducts ;  the  pudic  vessels  and  the  dorsal  nerve  of  the  clitoris ;  the  artery  of  the  bulbi 
vestibuli,  and  a  plexus  of  veins. 

The  Oompressor  urethra  (constrictor  ureihrce)  arises  on  each  side  from  the  margin 
of  the  descending  ramus  of  the  os  pubis.  The  fibres,  passing  inward,  divide  into 
two  sets ;  those  of  the  fore  part  of  the  muscle  are  directed  across  the  subpubic 
arch  in  front  of  the  urethra  to  blend  with  the  muscular  fibres  of  the  opposite  side ; 
while  those  of  the  hinder  and  larger  part  pass  inward  to  blend  with  the  wall  of 
the  vagina  behind  the  urethra. 

MUSCLES  AND  FASOUE  OF  THE  UPPER  EXTREMITY. 

The  Muscles  of  the  Upper  Extremity  are  divisible  into  groups,  corresponding 
with  the  different  regions  of  the  limb. 

Of  the  Shoulder.  Of  the  Arm. 

Anierior  Thoracic  Region.  Anterior  Humeral  Region. 

Pectoralis  major.     Pectoralis  minor.  Coraco-brachialis.  Biceps. 

Subclavius.  Brachialis  anticus. 

Lateral  Thoracic  Region.  Posterior  Humeral  Region. 

Serratus  magnus.  Triceps.  Subanconeus. 

Acromial  Region. 

Deltoid.  0^  '^^^  Forearm. 

Anterior  Scapular  Region.  Anterior  Brachial  Region. 


Subscapularis. 
Posterior  Scapular  Region. 


/•Pronator  radii  teres. 
Flexor  carpi  radialis. 
Palmaris  longus. 


Supraspinatus.         Teres  minor.  g-i-q      Flexor  carpi  ulnaris. 

Infraspinatus.  Teres  major.  cq        ^Flexor  sublimis  digitorum. 
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c:^C   r  Flexor  profundus  digitorum. 
%  >-,\  Flexor  longus  poUicis. 
^yA   (^  Pronator  quadratus. 

Radial  Region. 

Supinator  longus. 

Extensor  carpi  tadialis  longior. 

Extensor  carpi  radialis  brevior. 

Posterior  Brachial  Region. 

'g        r Extensor  communis  digitorum. 
eg  fe  J  Extensor  minimi  digiti. 

oj  ^  I  Extensor  carpi  ulnaris. 

^^   (^Anconeus. 

^        ^Supinator  brevis. 

p,  ^      Extensor  ossis  metacarpi  poUicis. 

-  ^'  Extensor  brevis  poUicis. 


02 


^h3 


Extensor  longus  pollicis. 


Of  the  Hand. 

•     Radial  Region. 

Abductor  pollicis. 

Flexor  ossis  metacarpi  pollicis  (Opponens 

pollicis). 
Flexor  brevis  pollicis. 
Adductor  pollicis. 

Ulnar  Region. 

Palmaris  brevis. 
Abductor  minimi  digiti. 
Flexor  brevis  minimi  digiti. 
Flexor    ossis    metacarpi    minimi    digiti 
(Opponens  minimi  digiti). 

Palmar  Region. 
Lumbricales. 


S.  Dissection  of 
Shoulder  and  Arm. 


Interossei  palmares. 

Extensor  indicis.  Interossei  dorsales. 

Dissection  of  Pectoral  Region  and  Axilla  (Fig.  301 ).— The  arm  being  drawn  away  from  the 
side  nearly  at  right  angles  with  the  trunk,  and  rotated  outward,  make  a  vertical  incision  through 

the  integument  in  the  median  line  of  the 
chest,  from  the  upper  to  the  lower  part  of 
the  sternum ;  a  second  incision  along  the 
lower  border  of  the  Pectoral  muscle,  froni 
the  ensifonn  cartilage  to  the  inner  side  of 
the  axilla;  a  third,  from  the  sternum 
along  the  clavicle,  as  far  as  its  centre; 
and  a  fourth,  from  the  middle  of  the 
clavicle  obliquely  downward,  along  the 
interspace  between  the  Pectoral  and  Del- 
toid muscles,  as  low  as  the  fold  of  the 
armpit.  The  flap  of  integument  is  then 
to  be  dissected  off  in  the  direction  indi- 
cated in  the  figure,  but  not  entirely 
removed,  as  it  should  be  replaced  on  com- 
pleting the  dissection.  If  a  transverse 
mcision  is  now  made  from  the  lower  end 
of  the  sternum  to  the  side  of  the  chest, 
as  far  as  the  posterior  fold  of  the  armpit, 
and  the  integument  reflected  outward, 
the  axillary  space  will  be  more  completely 
exposed. 


1.  Dissection  of 
Pectoral  Region 
and  Axilla. 


2.  Bend  of  Elbow. 


4.  Forearm. 


Fascism  of  the  Thorax. 


.  Palm  of  Hand. 


The  superficial  foscia  of  the 
thoracic  region  is  a  loose  cellulo- 
fibrous  layer  enclosing  masses  of 
fat  in  its  spaces.  It  is  continu- 
ous with  the  superficial  fascia  of 
the  neck  and  upper  extremity 
above,  and  of  the  abdomen  below. 
Opposite  the  mamma,  it  divides  into 
two  layers,  one  of  which  passes  in 
front,  the  other  behind  that  gland ;  and  from  both  of 'these  layers  numerous  septa 
pass  into  its  substance,  supporting  its  various  lobes :  from  the  anterior  layer  fibrous 
processes  pass  forward  to  the  integument  and  nipple.  These  processes  were  called 
by  Sir  A.  Cooper  the  ligamenta  suspensoria,  from  the  support  they  afford  to  the 

gland  in  this  situation.  .    i      • 

The  deep  fascia  of  the  thoracic  region  is  a  thin  aponeurotic  lamina,  covering 
the  surface  of  the  great  Pectoral  muscle,  and  sending  numerous  prolongations 


Fig.  801.— Dissection  of  upper  extremity. 
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between  its  fasciculi :  it  is  attached,  in  the  middle  line,  to  the  front  of  the 
sternum ;  and,  above,  to  the  clavicle.  It  is  very  thin  over  the  upper  part  of  the 
muscle,  thicker  in  the  interval  between  the  Pectoralis  major  and  Latissimus  dorsi, 
where  it  closes  in  the  axillary  space,  and  divides  at  the  outer  margin  of  the  latter 
muscle  into  two  layers,  one  of  which  passes  in  front,  and  the  other  behind  it ; 
these  proceed  as  far  as  the  spinous  processes  of  the  dorsal  vertebrae,  to  which 
they  are  attached.  At  the  lower  part  of  the  thoracic  region  this  fascia  is  well 
developed,  and  is  continuous  with  the  fibrous  sheath  of  the  Recti  muscles. 

THE  SH0X7LDEB. 

Anterior  Thoracic  Region. 

Pectoralis  major.  Pectoralis  minor. 

Subclavius. 

The  Pectoralis  major  (Fig.  302)  is  a  broad,  thick,  triangular  muscle,  situated 
at  the  upper  and  fore  part  of  the  chest,  in  front  of  the  axilla.  It  arises  from  the 
anterior  surface  of  the  sternal  half  of  the  clavicle ;  from  half  the  breadth  of  the 
anterior  surface  of  the  sternum,  as  low  down  as  the  attachment  of  the  cartilage 
of  the  sixth  or  seventh  rib ;  this  portion  of  its  origin  consists  of  aponeurotic 
fibres,  which  intersect  with  those  of  the  opposite  muscle  ;  it  also  arises  from  the 
cartilages  of  all  the  true  ribs,  with  the  exception,  frequently,  of  the  first  or  of  the 
seventh,  or  both  ;  and  from  the  aponeurosis  of  the  External  oblique  muscle  of  thp 
abdomen.  The  fibres  from  this  extensive  origin  converge  toward  its  insertion, 
giving  to  the  muscle  a  radiated  appearance.  Those  fibres  which  arise  from  the 
clavicle  pass  obliquely  outward  and  downward,  and  are  usually  separated  from  the 
rest  by  a  cellular  interval :  those  from  the  lower  part  of  the  sternum,  and  the 
cartilages  of  the  lower  true  ribs,  pass  upward  and  outward,  whilst  the  middle 
fibres  pass  horizontally.  They  all  terminate  in  a  flat  tendon,  about  two  inches 
broad,  which  is  inserted  into  the  anterior  bicipital  ridge  of  the  humerus.  This 
tendon  consists  of  two  laminae,  placed  one  in  front  of  the  other,  and  usually 
blended  together  below.  The  anterior,  the  thicker,  receives  the  clavicular  and 
upper  half  of  the  sternal  portion  of  the  muscle ;  and  its  fibres  are  inserted  in  the 
same  order  as  that  in  which  they  arise ;  that  is  to  say,  the  outermost  fibres  of 
origin  from  the  clavicle  are  inserted  at  the  uppermost  part  of  the  tendon ;  the 
npper  fibres  of  origin  from  the  sternum  pass  down  to  the  lowermost  part  of  this 
anterior  lamina  of  the  tendon  and  extend  as  low  as  the  tendon  of  the  Deltoid  and 
join  with  it.  The  posterior  lamina  of  the  tendon  receives  the  attachment  of  the 
lower  half  of  the  sternal  portion  and  the  deeper  part  of  the  muscle  from  the  costal 
cartilages.  These  deep  fibres,  and  particularly  those  from  the  lower  costal  carti- 
lages, ascend  the  higher,  turning  backward  successively  behind  the  superficial  and 
upper  ones,  so  that  the  tendon  appears  to  be  twisted.  The  posterior  lamina 
reaches  higher  on  the  humerus  than  the  anterior  one,  and  from  it  an  expansion  is 
given  off  which  covers  the  bicipital  groove  and  blends  with  the  capsule  of  the 
shoulder-joint.     Another  expansion  passes  downward  to  the  fascia  of  the  arm. 

Belations. — By  its  anterior  »urface^  with  the  integument,  the  superficial  fascia, 
the  Platysma,  the  mammary  gland,  and  the  deep  fascia  ;  by  its  posterior  surface  : 
its  thoracic  portion^  with  the  sternum,  the  ribs  and  costal  cartilages,  the  costo- 
coracoid  membrane,  the  Subclavius,  Pectoralis  minor,  Serratus  magnus,  and  the 
Intercostals ;  its  axillary  portion  forms  the  anterior  wall  of  the  axillary  space,  and 
covers  the  axillary  vessels  and  nerves,  the  Biceps  and  Coraco-brachialis  muscles. 
Its  upper  border  lies  parallel  with  the  Deltoid,  from  which  it  is  separated  by  a 
slight  interspace  in  which  lie  the  cephalic  vein  and  descending  branch  of  the 
acromial  thoracic  artery.  Its  lower  border  forms  the  anterior  margin  of  the  axilla, 
being  at  first  separated  from  the  Latissimus  dorsi  by  a  considerable  interval ;  but 
both  muscles  gradually  converge  toward  the  outer  part  of  the  space. 

Dissection. — ^Detach  the  Pectoralis  major  by  dividing  the  muscle  along  its  attachment  to  the 
cUvick,  and  by  making  a  vertical  incision  through  its  substance  a  little  external  to  its  line  of 
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attachment  to  the  sternum  and  costal  cartilages.  The  muBcle  should  then  be  reflected  outward, 
and  its  tendon  carefully  examined.  The  Fectoralis  minor  is  now  exposed,  and  immediately 
atwve  it,  in  the  intervd  between  its  upper  border  and  ihe  clavicle,  a  strong  fascia,  the  oogto- 
coracold  ■membrane. 

The  coBto-coracoid  membrane  is  a  strong  fascia  placed  between   the  clavicle 
and  the  upper  border  of  the  Pectoralis  minor  muscle,  which  protects  the  axillary 


Fig.  30a.— MuRplen  of  the  chcBt  iincl  front  of  the  arm.    Sapcrfioial  vi«w. 

vessels  and  nerves.  Above,  it  is  attachnl  (o  the  anterior  margin  of  the  Subclavian 
groove  on  the  under  surface  of  the  clavicle,  and  is  connected  with  a  layer  of 
cervical  fascia  which  overlies  the  Orao-hyoid  muscle,  and  forms  the  posterior  layer 
of  the  sheath  of  the  Subclavins  muscle.  Internally,  it  is  attached  to  the  first  rib 
internal  to  the  origin  of  the  Subclavins  muscle.  Externally  it  is  very  thick  and 
dense,  and  is  attached  to  the  coraeoid  process.  The  portion  extending  from  its 
attachment  to  the  first  rib  to  the  coraeoid  process  is  often  whiter  and  denser  than 
the  rest;  this  is  sometimes  called  the  cosfo-forncoid  lu/ament.  Below,  it  is  thin, 
and  at  the  upper  border  of  the  Pectoralis  minor  it  splits  into  two  layers  to  invest 
the  muscle ;  from  the  lower  border  of  the  Pectoralis  minor  it  is  continued  down- 
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ward  to  join  the  axillary  fascia,  and  outward  to  join  the  fascia  over  the  Bhort 
head  of  the  Biceps.  The  costo-coracoid  membrane  is  pierced  by  the  cephalic  vein, 
the  acromial  thoracic  artery  and  vein,  superior  thoracic  artery,  and  anterior 
thoracic  nerves. 

The  FectoraliB  minor  (Fig.  303)  is  a  thin,  flat,  triangular  muscle,  situated  at 
the  upper  part  of  the  thorax,  beneath  the  Pectoralis  major.     It  arises  by  three 


Tlo.  BOB.— Muaclea  at  the  cheat  and  (roat  of  the  arm,  nilh  the  boUDdarlei  of  the  aiilla. 

tendinous  digitations  from  the  upper  margin  and  outer  surface  of  the  third, 
ffinrth,  and  fifth  ribs,  near  their  cartilages,  and  from  the  aponeurosis  covering  the 
Intercostal  muscles ;  the  fibres  pass  upward  and  outward,  and  converge  to  form  a 
flat  tendon,  which  is  inserted  into  the  inner  border  and  upper  surface  of  the  cora- 
coid  process  of  the  scapula. 

BelatdonB. — By  its  anterior  surface,  with  the  Pectoralis  major  and  the  superior 
thuracic  vessels  and  nerves;  by  ils  poeterior  surface,  with  the  ribs.  Intercostal 
muscles,  Serratus  raagnus,  the  axillary  space,  and  the  axillary  vessels  and  nerves. 
Its  upper  border  is  separated  from  the  clavicle  by  a  triangular  interval,  broad 
internally,  narrow  externally,  bounded  in  front  by  the  costo-coracoid  membrane, 
md  internally  by  the  ribs.  In  this  space  are  the  first  part  of  the  axillary  vessels 
and  nerves. 

The  co«to-coracoid  membrane  should  now  be  removed,  when  the  Siibeliivius  muscle  will  be 

The  Snbclavius  is  a  long,  thin,  spindle-shaped  muscle,  placed  in  the  interval 
between  the  clavicle  and  the  first  rib.  It  arises  by  a  short,  thick  tendon  from  the 
first  rib  and  its  cartilage  at  their  junction,  in  front  of  the  rhomboid  ligament;  the 
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fleshy  fibres  proceed  obliquely  upward  and  outward,  to  be  inserted  into  a  deep 
groove  on  the  under  surface  of  the  middle  third  of  the  clavicle, 

Belationa. — By  its  upper  surfacn,  with  the  clavicle.  By  its  under  surface  it  is 
separated  from  the  first  rib  by  the  subclavian  vessels  and  brachial  plexus  of  nerves. 
Its  anterior  surface  is  separated  from  the  Pectoralis  major  by  the  costo-coracoid 
membrane,  which,  with  the  clavicle,  forms  an  osseo-fibrous  sheath  in  which  the 
muscle  is  enclosed. 

If  the  costal  attaebment  of  the  Pectoralis  minor  is  divided  across,  and  the  muscle  reflected 
outward,  the  miliary  veHscIa  and  nerves  are  brought  fiilly  into  view,  and  should  be  examined. 

Merves. — The  Pectoral  muscles  are  supplied  by  the  anterior  thoracic  nerves; 
the  Subclavius,  bv  a  filament  from  the  cord 

Slip  of  ■C..I..TU.  xoHu.  to  M  rih.  formed  by  the  union  of  the  fifth  and  sixth 

cervical  nerves. 

Actions. — If  the  arm  has  been  raised  by 
the  Deltoid,  the  Pectoralis  major  will,  con- 

,  Jointly  with  the  Latissimus  dorsi  and  Teres 

major,  depress  it  to  the  side  of  the  chest. 
If  acting  alone,  it  adducts  and  draws  for- 
ward the  arm,  bringing  it  across  the  front 
of  the  chest,  and  at  the  same  time  rotates 
it  inward.  The  Pectoralis  minor  depresses 
the  point  of  the  shoulder,  drawing  the  scapula 
downward  and  inward  to  the  thorax,  and 
throwing  the  inferior  angle  backward-  The 
Subclavius  depresses  the  shoulder,  drawing 
the  clavicle  downward  and  forward.  When 
the  arras  are  fixed,  all  three  muscles  act  upon 
the  ribs,  drawing  them  upward  and  expand- 
ing the  chest,  and  thus  becoming  very 
important  agents  io  forced  inspiration. 
Asthmatic  patients  always  assume  an  atti- 
tude which  fixes  the  shoulders,  so  that  all 
these  muscles  may  be  brought  into  action  to 
assist  in  dilating  the  cavity  of  the  chest. 

Lateral  Thoracic  Begion. 

Serratus  magnus. 
The  S«rratns  magnns  (Fig.  304)  is  a 
broad,  thin,  and  irregularly  quadrilateral 
muscle,  situated  at  the  upper  part  and 
side  of  the  chest.  It  consists  of  two  tri- 
angular or  fiin-shaped  portions;  the  upper 
one  having  the  apex  of  the  triangle  at- 
FiG  3w  -Sn-rraiu.  manias    (From  ■  prep-    tached  to  the  fifst  and  second  ribs,  and  the 

srallun  In  llic  Museum  rjfihc  Royal  Colltfge  of      .  ^      .1  1  1  .   1       1  1.        . 

wurgi-oiiB  of  EiigiHi.,1.)  °         base  to  the  upper  angle  and  vertebral  border 

of  the  scapula;  the  lower  with  its  apex 
behind  attached  to  the  inferior  angle  of  the  scapula,  and  its  base  in  front  con- 
nected with  the  ribs  from  the  second  to  the  eighth.  It  arises  by  nine  fleshy 
digitations  from  the  outer  surface  and  upper  border  of  the  eight  upper  ribs  {th'e 
second  rib  having  two),  and  from  the  aponeurosis  covering  the  upper  intercostal 
muscles,  and  is  inserted  into  the  whole  length  of  the  anterior  aspect  of  the  poste- 
rior border  of  the  scapula.  The  upper  fan-shaped  portion  is  attached  to  the  fore 
part  of  the  outer  surfaces  of  the  first  and  second  ribs;  its  fibres  spread  out,  the 
upper  ones  forming  a  thick  fasrfculus,  which  passes  upward  and  backward,  and 
is  attached  to  the  triangular  smooth  surface  on  the  anterior  aspect  of  the  superior 
angle  of  the  scapula;  the  remaining  fibres  proceed  backward  and  downward  to 
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be  attached  to  the  posterior  border  of  the  scapula  between  the  superior  and  inferior 
angles.  The  lower  fan-shaped  portion  is  attached  posteriorly  by  its  apex  to  the 
anterior  surface  of  the  inferior  angle  of  the  scapula,  partly  by  muscular,  partly 
by  tendinous  fibres ;  it  spreads  out  like  a  fan,  the  upper  fibres  passing  forward 
and  upward,  the  lower  horizontally  forward  to  be  inserted  into  the  outer  surface 
of  the  fore  part  of  the  ribs  from  the  second  to  the  eighth,  by  a  geries  of  muscular 
digitations.  In  the  intervals  between  the  four  lower  of  these  are  received  cor- 
responding processes  of  the  External  oblique. 

Belations. — This  muscle  is  covered,  in  front,  by  the  Pectoral  muscle ;  behind 
by  the  Subscapularis ;  above,  by  the  axillary  vessels  and  nerves.  Its  deep  surface 
rests  upon  the  ribs  and  Intercostal  muscles. 

Nerves. — The  Serratus  magnus  is  supplied  by  the  posterior  thoracic  nerve. 

Actions. — The  Serratus  magnus,  as  a  whole,  carries  the  scapula  forward,  and 
at  the  same  time  raises  the  vertebral  border  of  the  bone.  It  is  therefore  concerned 
in  the  action  of  pushing.  Its  lower  and  stronger  fibres  move  forward  the  lower 
angle  and  assist  the  Trapezius  in  rotating  the  bone  round  an  axis  through  its  centre, 
and  thus  assists  this  muscle  in  raising  the  acromion  and  supporting  weights  upon 
the  shoulder.  It  is  possible  that  when  the  shoulders  are  fixed  the  lower  fibres 
may  assist  in  raising  and  everting  the  ribs ;  but  it  is  not  the  important  inspiratory 
muscle  which  it  was  formerly  believed  to  be. 

Surgical  Anatomy. — When  the  muscle  is  paralyzed  the  vertebral  border,  and  especially 
the  lower  angle,  leave  the  ribs  and  stand  out  prominently  on  the  surface,  giving  a  peculiar 
'"winged"  appearance  to  the  back.  The  patient  is  unable  to  raise  the  arm  above  a  right  an^le, 
and  an  attempt  to  do  so  is  followed  by  a  revolution  of  the  scapula,  instead  of  by  the  elevation 
of  the  arm. 

Dissection. — After  completing  the  dissection  of  the  axilla,  if  the  muscles  of  the  back  have 
been  dissectcfl,  the  upper  extremity  should  be  separated  from  the  trunk.  Saw  through  the 
clavicle  at  ius  centre,  and  then  cut  through  the  muscles  which  connect  the  scapula  and  arm  with 
the  trunk,  viz.  :  the  Pectoralis  minor  in  front.  Serratus  magnus  at  the  side,  and  the  Levator 
anguli  scapulae,  the  Rhomboids,  Trapezius,  and  Latissimus  dorsi  behind.  These  muscles  should 
be  cleaned  and  traced  to  their  respective  insertions.  Then  make  an  incision  through  the  integu- 
ment, commencing  at  the  outer  third  of  the  clavicle,  and  extending  along  the  margin  of  that 
bone,  the  acromion  process,  and  spine  of  the  scapula ;  the  integument  should  be  dissected  from 
above  downward  and  outward,  when  the  fascia  covering  the  Deltoid  is  exposed  (Fig.  301,  No.  3). 

The  anperflcial  £ascia  of  the  upper  extremity  is  a  thin  cellulo-fibrous  layer, 
containing  the  superficial  veins  and  lymphatics,  and  the  cutaneous  nerves.  It  is 
most  distinct  in  front  of  the  elbow,  and  contains  very  large  superficial  veins  and 
nerves;  in  the  hand  it  is  hardly  demonstrable,  the  integument  being  closely 
adherent  to  the  deep  fascia  by  dense  fibrous  bands.  Small  subcutaneous  bursse  are 
found  in'  this  fascia  over  the  acromion,  the  olecranon,  and  the  knuckles.  The 
deep  fascia  of  the  upper  extremity  comprises  the  aponeurosis  of  the  shoulder, 
arm,  and  forearm,  the  anterior  and  posterior  annular  ligaments  of  the  carpus,  and 
the  palmar  fascia.  These  will  be  considered  in  the  description  of  the  muscles  of 
the  several  regions. 

Acromial  Region. 

Deltoid. 

The  deep  fascia  covering  the  Deltoid  (deltoid  aponeurosis)  is  a  fibrous  layer 
which  covers  the  .outer  surface  of  the  muscle,  thick  and  strong  behind,  where  it 
is  continuous  with  the  infraspinatus  fascia,  thinner  over  the  rest  of  its  extent. 
It  sends  down  numerous  prolongations  between  the  fasciculi  of  the  muscle. 
In  front,  it  is  continuous  with  the  fascia  covering  the  great  Pectoral  muscle ; 
behind,  with  that  covering  the  Infraspinatus ;  above,  it  is  attached  to  the  clavicle, 
the  acromion,  and  spine  of  the  scapula  ;  below,  it  is  continuous  with  the  deep  fascia 
of  the  arm. 

The  Deltoid  (Fig.  302)  is  a  large,  thick,  triangular  muscle,  which  gives  the 
rounded  outline  to  the  shoulder,  and  has  received  its  name  from  its  resemblance  to 
the  Greek  letter  A  reversed.  It  surrounds  the  shoulder-joint  in  the  greater  part 
of  its  extent,  covering  it  on  its  outer  side,  and  in  front  and  behind.     It  arises  from 
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the  outer  third  of  the  anterior  border  and  upper  surface  of  the  clavicle ;  from  the 
outer  margin  and  upper  surface  of  the  acromion  process,  and  from  the  lower  lip  of 
the  posterior  border  of  the  spine  of  the  scapula,  as  far  back  as  the  triangular 
surface  at  its  inner  end.  From  this  extensive  origin  the  fibres  converge  toward 
their  insertion,  the  middle  passing  vertically,  the  anterior  obliquely  backward,  the 
posterior  obliquely  forward ;  they  unite  to  form  a  thick  tendon,  which  is  inserted 
into  a  rough  prominence  on  the  middle  of  the  outer  side  of  the  shaft  of  the 
humerus.  At  its  insertion  the  muscle  gives  off  an  expansion  to  the  deep  fascia  of 
the  arm:  This  muscle  is  remarkably  coarse  in  texture,  and  the  arrangement  of 
its  muscular  fibres  is  somewhat  peculiar ;  the  central  portion  of  the  muscle — that 
is  to  say,  the  part  arising  from  the  acromion  process — consists  of  oblique  fibres, 
which  arise  in  a  bipenniform  manner  from  the  sides  of  tendinous  intersections, 
generally  four  in  number,  which  are  attached  above  to  the  acromion  process  and 
pass  downward  parallel  to  one  another  in  the  substance  of  the  muscle.  The 
oblique  muscular  fibres  thus  formed  are  inserted  into  similar  tendinous  intersec- 
tions, generally  three  in  number,  which  pass  upward  from  the  insertion  of  the 
muscle  into  the  humerus  and  alternate  with  the  descending  septa.  The  lateral 
portions  of  the  muscle — that  is  to  say,  the  fibres  arising  from  the  clavicle  and 
spine  of  the  scapula — are  not  arranged  in  this  manner,  but  consist  of  parallel 
fasciculi  passing  from  their  origin  above,  to  be  inserted  into  the  margins  of  the 
inferior  tendon. 

Belations. — By  its  superficial  surface,  with  the  integument,  the  superficial 
fascia,  Platysma,  and  supra-acromial  nerves.  Its  deep  surface  is  separated  from 
the  head  of  the  humerus  by  a  large  sacculated  synovial  bursa,  and  covers  the 
coracoid  process,  coraco-acromial  ligament,  Pectoralis  minor,  Coraco-brachialis, 
both  heads  of  the  Biceps,  the  tendon  of  the  Pectoralis  major,  the  insertions 
of  the  Supraspinatus,  Infraspinatus,  and  Teres  minor,  the  scapular  and 
external  heads  of  the  Triceps,  the  circumflex  vessels  and  nerve,  and  the  humerus. 
Its  anterior  border  is  separated  at  its  upper  part  from  the  Pectoralis  major  by 
a  cellular  interspace,  which  lodges  the  cephalic  vein  and  descending  branch  of  the 
acromial  thoracic  artery :  lower  down  the  two  muscles  are  in  close  contact.  Its 
posterior  border  rests  on  the  Infraspinatus  and  Triceps  muscles. 

Nerves. — The  Deltoid  is  supplied  by  the  circumflex  nerve. 

Actions. — The  Deltoid  raises  the  arm  directly  from  the  side,  so  as  to  bring  it 
at  right  angles  with  the  trunk.  Its  anterior  fibres,  assisted  by  the  Pectoralis 
major,  draw  the  arm  forward;  and  its  posterior  fibres,  aided  by  the  Teres  major 
and  Latissimus  dorsi,  draw  it  backward. 

Surgical  Anatomy. — ^The  Deltoid  is  very  liable  to  atrophy,  and  when  in  this  condition 
simulates  dislocation  of  the  shoulder-joint,  as  there  is  flattening  of  the  shoulder  and  apparent 
prominence  of  the  acromion  process;  upon  examination,  however,  it  will  be  found  that  the 
relative  position  of  the  great  tuberosity  of  the  humerus  to  the  acromion  and  coracoid  process  is 
unchanged.  Atrophy  of  the  Deltoid  may  be  due  to  disuse  or  loss  of  trophic  influence,  either 
from  injury  to  the  circumflex  nerve  or  cord  lesions,  as  in  infantile  paralysis. 

Dissection. — Divide  the  Deltoid  across,  near  its  upper  part,  by  an  incision  carried  along  the 
margin  of  the  clavicle,  the  acromion  process,  and  spine  of  the  scapula,  and  reflect  it  downward : 
the  bursa  will  be  seen  on  its  under  surface,  as  well  as  the  circumflex  vessels  and  nerve. 

Anterior  Scapular  Region. 

Subscapularis. 

The  subscapular  fascia  is  a  thin  membrane  attached  to  the  entire  circumference 
of  the  subscapular  fossa,  and  affording  attachment  by  its  inner  surface  to  some  of 
the  fibres  of  the  Subscapularis  muscle :  when  this  is  removed,  the  Subscapularis 
muscle  is  exposed. 

The  Subscapularis  (Fig.  303)  is  a  large  triangular  muscle  which  fills  up  the 
subscapular  fossa,  arising  from  its  internal  two-thirds,  with  the  exception  of  a 
narrow  margin  along  the  posterior  border,  and  the  surfaces  at  the  superior  and 
inferior  angles  which  aff'ord  attachment  to  the  Serratus  magnus.     Some  fibres 


THE  POSTERIOR  SCAPULAR   REGION.  475 

arise  from  tendinous  laminae,  which  intersect  the  muscle,  and  are  attached  to 
ridges  on  the  bone ;  and  others  from  an  aponeurosis,  which  separates  the  muscle 
from  the  Teres  major  and  the  long  head  of  the  Triceps.  The  fibres  pass 
outward,  and  gradually  converging,  terminate  in  a  tendon,  which  is  inserted 
into  the  lesser  tuberosity  of  the  humerus.  Those  fibres  which  arise  from  the 
axillary  border  of  the  scapula  are  inserted  into  the  neck  of  the  humerus  to 
the  extent  of  an  inch  below  the  tuberosity.  The  tendon  of  the  muscle  is  in 
close  contact  with  the  capsular  ligament  of  the  shoulder-joint,  and  glides  over 
a  large  bursa,  which  separates  it  from  the  base  of  the  coracoid  process.  This 
bursa  communicates  with  the  cavity  of  the  joint  by  an  aperture  in  the  capsular 
ligament. 

Belations. — By  its  anterior  surface^  with  the  Serratus  magnus,  Coraco- 
brachialis,  and  Biceps,  the  axillary  vessels  and  nerves,  and  the  subscapular  vessels 
and  nerves ;  by  its  posterior  surface^  with  the  scapula  and  the  capsular  ligament 
of  the  shoulder-joint.  Its  lower  border  is  contiguous  with  the  Teres  major  and 
Latissimus  dorsi. 

Nerves. — It  is  supplied  by  the  upper  and  lower  subscapular  nerves. 

Actions. — The  Subscapularis  rotates  the  head  of  the  humerus  inward  ;  when 
the  arm  is  raised,  it  draws  the  humerus  downward.  It  is  a  powerful  defence  to 
the  front  of  the  shoulder-joint,  preventing  the  displacement  of  the  head  of  the  bone 
forward. 

Posterior  Scapular  Region  (Fig.  305). 

Supraspinatus.  Teres  minor. 

Infraspinatus.  Teres  major. 

Diasection. — ^To  expose  these  muscles,  and  to  examine  their  mode  of  insertion  into  the 
humerus,  detach  the  Deltoid  and  Trapezius  from  their  attachment  to  the  spine  of  the  scapula 
and  acromion  process.  Remove  the  clavicle  by  dividing  the  ligaments  connecting  it  with  the 
coracoid  process,  and  separate  it  at  its  articulation  with  the  scapula :  divide  the  acromion  process 
near  its  root  with  a  saw.  The  firagments  being  removed,  the  tendons  of  the  posterior  Scapular 
muscles  will  be  fuUy  exposed,  and  can  be  examined.  A  block  should  be  placed  beneath  the 
shoulder-joint,  so  as  to  make  the  muscles  tense. 

The  Supraspinous  fia.scia  is  a  thick  and  dense  membranous  layer,  ^which  com- 
pletes the  osseo-fibrous  case  in  which  the  Supraspinatus  muscle  is  contained, 
affording  attachment,  by  its  inner  surface,  to  some  of  the  fibres  of  the  muscle.  It 
is  thick  internally,  but  thinner  externally  under  the  coraco-acromial  ligament. 
When  this  fascia  is  removed,  the  Supraspinatus  muscle  is  exposed. 

The  Supraspinatus  muscle  occupies  the  whole  of  the  supraspinous  fossa,  arising 
from  its  internal  two-thirds  and  from  the  strong  fascia  which  covers  its  sur- 
face. The  muscular  fibres  converge  to  a  tendon  which  passes  across  the  capsular 
ligament  of  the  shoulder-joint,  to  which  it  is  intimately  adherent,  and  is  inserted 
into  the  highest  of  the  three  facets  on  the  great  tuberosity  of  the  humerus. 

Relations. — ^By  its  upper  surface^  with  the  Trapezius,  tne  clavicle,  the  acromion, 
the  coraco-acromial  ligament,  and  the  Deltoid ;  by  its  under  surface^  with  the 
scapula,  the  suprascapular  vessels  and  nerve,  and  upper  part  of  the  shoulder-joint. 

The  Infraspinous  fascia  is  a  dense  fibrous  membrane,  covering  in  the  Infra- 
spinatus muscle  and  attached  to  the  circumference  of  the  infraspinous  fossa ;  it 
affords  attachment,  by  its  inner  surface,  to  some  fibres  of  that  muscle.  At  the  point 
where  the  Infraspinatus  commences  to  be  covered  by  the  Deltoid,  this  fascia  divides 
into  two  layers :  one  layer  passes  over  the  Deltoid  muscle,  helping  to  form  the 
Deltoid  fascia  already  described ;  the  other  passes  beneath  the  Deltoid  to  the 
shoulder-joint. 

The  Infraspinatus  is  a  thick,  triangular  muscle,  which  occupies  the  chief  part 
of  the  infraspinous  fossa,  arising  by  fleshy  fibres  from  its  internal  two-thirds,  and 
by  tendinous  fibres  from  the  ridges  on  its  surface :  it  also  arises  from  a  strong 
fascia  which  covers  it  externally,  and  separates  it  from  the  Teres  major  and  minor. 
The  fibres  converge  to  a  tendon  which  glides  over  the  external  border  of  the 
spine  of  the  scapula,  and,  passing  across  the  capsular  ligament  of  the  shoulder- 
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joint,  is  inserted  into  the  middle  facet  on  the  great  tuberosity  of  the  humerua. 
The  tendon  of  this  muscle  is  occasionally  separated  from  the  spine  of  the  scapula 
by  a  synovial  bursa  which  communicates  with  the  synovial  cavity  of  the  shouldei- 
joint. 

Relations. — By  its  posterior  surface,  with  the  Deltoid,  the  Trapezius.  Latissimus 
dorsi,  and  the  integument;  by  its  anterior  surface,  with  the  scapula,  from  which 


Fig.  3<S.— Muscles  on  the  doreum  of  the  Scapula  anil  Ihe  Triceps. 

it  is  separated  by  the  suprascapular  and  dorsalis  scapulee  vessels,  and  with  the 
capsular  ligament  of  the  shoulder-joint.  Its  lower  border  is  in  contact  with  the 
Teres  minor,  and  occasionally  united  with  it,  and  with  the  Teres  major. 

The  Teres  minor  is  a  narrow,  elongated  muscle,  which  lies  along  the  inferior 
border  of  the  scapula.  It  arises  from  the  dorsal  surface  of  the  axillary  border  of 
the  scapula  for  the  upper  two-thirds  of  its  extent,  and  from  two  aponeurotic 
taminfe,  one  of  which  separates  this  muscle  from  the  Infraspinatus,  the  other  from 
the  Teres  major;  its  fibres  pass  obliquely  upward  and  outward,  and  terminate 
in  a  tendon  which  is  inserted  into  the  lowest  of  the  three  facets  on  the  great 
tuberosity  of  the  humerus,  and,  by  fleshy  fibres,  into  the  humerus  immediately 
below  it.  The  tendon  of  this  muscle  passes  across  the  capsular  ligament  of  the 
shoulder-joint! 

Relations. — By  its  posterior  surface,  with  the  Deltoid,  and  the  integument; 
by  its  anterior  surface,  with  the  scapula,  and  dorsal  branch  of  the  subscapular 
artery,  the  long  head  of  the  Triceps,  and  the  shoulder-joint;  by  its  upper  border, 
with  the  Infraspinatus;  by  its  lower  border,  with  the  Teres  major,  from  which  it 
is  .separated  anteriorly  by  the  long  head  of  the  Triceps. 

The  Teres  major  is  a  broad  and  somewhat  flattened  muscle,  which  arises  from 
the  dorsal  aspect  of  the  inferior  angle  of  the  scapula,  and  from  the  fibrous  septa 
interposed  between  it  and  the  Teres  minor  and  Infraspinatus;  the  fibres  are 


THE  ARM.  477 

directed  upward  and  outward,  and  terminate  in  a  flat  tendon,  about  two  inches 
in  length,  which  is  inserted  into  the  posterior  bicipital  ridge  of  the  humerus.  The 
tendon  of  this  muscle,  at  its  insertion  into  the  humerus,  lies  behind  that  of  the 
Latissimus  dorsi,  from  which  it  is  separated  by  a  synovial  bursa,  the  two  tendons 
being,  however,  united  along  their  lower  borders  for  a  short  distance. 

Relations. — By  its  posterior  surface^  with  the  integument,  from  which  it  is 
separated,  internally,  by  the  Latissimus  dorsi ;  and  externally,  by  the  long  head 
of  the  Triceps ;  by  its  anterior  surface^  with  the  Subscapularis,  Latissimus  dorsi, 
Coraco-brachialis,  short  head  of  the  Biceps,  the  axillary  vessels,  and  brachial 
plexus  of  nerves.  Its  upper  border  is  at  first  in  relation  with  the  Teres  minor, 
from  which  it  is  afterward  separated  by  the  long  head  of  the  Triceps.  Its  lower 
border  forms,  in  conjunction  with  the  Latissimus  dorsi,  part  of  the  posterior 
boundary  of  the  axilla. 

Nerves. — The  Supra-  and  Infraspinatus  muscles  are  supplied  by  the  suprascap- 
ular nerve ;  the  Teres  minor,  by  the  circumflex ;  and  the  Teres  major,  by  the 
lower  subscapular. 

Actions. — The  Supraspinatus  assists  the  Deltoid  in  raising  the  arm  from  the 
side,  and  fixes  the  head  of  the  humerus  in  its  socket.  The  Infraspinatus  and 
Teres  minor  rotate  the  head  of  the  humerus  outward :  when  the  arm  is  raised,  they 
assist  in  retaining  it  in  that  position  and  carrying  it  backward.  One  of  the  most 
important  uses  of  these  three  muscles  is  the  great  protection  they  afi'ord  to  the 
shoulder-joint,  the  Supraspinatus  supporting  it  above,  and  preventing  displacement 
of  the  head  of  the  humerus  upward,  whilst  the  Infraspinatus  and  Teres  minor 
protect  it  behind,  and  prevent  dislocation  backward.  The  Teres  major  assists 
the  Latissimus  dorsi  in  drawing  the  humerus  downward  and  backward,  when  pre- 
viously raised,  and  rotating  it  inward;  when  the  arm  is  fixed,  it  may  assist  the 
Pectoral  and  Latissimus  dorsi  muscles  in  drawing  the  trunk  forward. 

THE  ABM. 

Anterior  Humeral  Region  (Fig.  303). 

Coraco-brachialis.  Biceps.  Brachialis  anticus. 

Dissection. — ^The  arm  being  placed  on  the  table,  with  the  front  surface  uppermost,  make 
a  vertical  incision  through  the  integiunent  along  the  middle  line,  irom  the  outer  extremitv  of 
the  anterior  fold  of  the  axilla,  to  about  two  incnes  below  the  elbow-joint,  where  it  should  be 
joined  by  a  transverse  incision,  extending  from  the  inner  to  the  outer  side  of  the  forearm ;  the 
two  flaps  being  reflected  on  either  side,  the  fascia  should  be  examined  (Fig.  301). 

The  deep  £Eiscia  of  the  arm  is  continuous  with  that  covering  the  shoulder  and 
front  of  the  great  Pectoral  muscle,  by  means  of  which  it  is  attached,  above,  to  the 
clavicle,  acromion,  and  spine  of  the  scapula ;  it  forms  a  thin,  loose,  membranous 
sheath  investing  the  muscles  of  the  arm,  sending  down  septa  between  them,  and 
composed  of  fibres  disposed  in  a  circular  or  spiral  direction,  and  connected  together 
by  vertical  and  oblique  fibres.  It  diflFers  in  thickness  at  diflFerent  parts,  being  thin 
over  the  Biceps,  but  thicker  where  it  covers  the  Triceps,  and  over  the  condyles  of 
the  humerus  :  it  is  strengthened  by  fibrous  aponeuroses,  derived  from  the  Pectoralis 
major  and  Latissimus  dorsi  on  the  inner  side,  and  from  the  Deltoid  externally. 
On  either  side  it  gives  off"  a  strong  intermuBcular  septum^  which  is  attached  to  the 
condyloid  ridge  and  condyle  of  the  humerus.  These  septa  serve  to  separate  the 
muscles  of  the  anterior  from  those  of  the  posterior  brachial  region.  The  external 
intermuscular  septum  extends  from  the  lower  part  of  the  anterior  bicipital  ridge, 
along  the  external  condyloid  ridge,  to  the  outer  condyle  ;  it  is  blended  with  the 
tendon  of  the  Deltoid,  gives  attachment  to  the  Triceps  behind,  to  the  Brachialis 
anticus,  Supinator  longus,  and  Extensor  carpi  radialis  longior,  in  front ;  and  is 
perforated  by  the  musculo-spiral  nerve  and  superior  profunda  artery.  The  internal 
intermuscular  septum,  thicker  than  the  preceding,  extends  from  the  lower  part  of 
the  posterior  lip  of  the  bicipital  groove  below  the  Teres  major,  along  the  internal 
condyloid  ridge  to  the  inner  condyle ;  it  is  blended  with  the  tendon  of  the  Coraco- 
brachialis,  and  affords  attachment  to  the  Triceps  behind,  and  the  Brachialis  anticus 
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in  front.  It  is  perforated  by  the  ulnar  nerve  and  the  inferior  profunda  and  anasto- 
motic arteries.  At  the  elbow  the  deep  fascia  is  attached  to  all  the  prominent 
points  round  the  joint — viz.  the  condyles  of  the  humerus  and  the  olecranon  process 
of  the  ulna — and  is  continuous^with  the  deep  fascia  of  the  forearm.  Just  below  the 
middle  of  the  arm,  on  its  inner  side,  in  front  of  the  internal  intermuscular  septum, 
is  an  oval  opening  in  the  deep  fascia  which  transmits  the  basilic  vein  and  some 
lymphatic  vessels.  On  the  removal  of  this  fascia  the  muscles,  vessels,  and  nerves 
of  the  anterior  humeral  region  are  exposed. 

The  Goraco-bracliialis,  the  smallest  of  the  three  muscles  in  this  region,  is  sit- 
uated at  the  upper  and  inner  part  of  the  arm.  It  arises  by  fleshy  fibres  from 
the  apex  of  the  coracoid  process,  in  common  with  the  short  head  of  the  Biceps, 
and  from  the  intermuscular  septum  between  the  two  muscles ;  the  fibres  pass 
downward,  backward,  and  a  little  outward,  to  be  inserted  by  means  of  a  flat  ten- 
don into  a  rough  ridge  at  the  middle  of  the  inner  surface  and  internal  border  of 
the  shaft  of  the  humerus  between  the  origins  of  the  Triceps  and  Brachialis  anticus. 
It  is  perforated  by  the  musculo-cutaneous  nerve.  The  inner  border  of  the  muscle 
forms  a  guide  to  the  position  of  the  brachial  artery  in  tying  the  vessel  in  the  upper 
part  of  its  course. 

Belations. — By  its  anterior  surface ^  with  the  Pectoralis  major  above,  and  at 
its  insertion  with  the  brachial  vessels  and  median  nerve  which  cross  it ;  by  its 
posterior  surface^  with  the  tendons  of  the  Subscapularis,  Latissimus  dorsi,  and 
Teres  major,  the  inner  head  of  the  Triceps,  the  humerus,  and  the  anterior  circum- 
flex vessels ;  by  its  inner  border^  with  the  brachial  artery,  and  the  median  and 
musculo-cutaneous  nerves ;  by  its  outer  border^  with  the  short  head  of  the  Biceps 
and  Brachialis  anticus. 

The  Biceps  (^Biceps  flexor  cubiti)  is  a  long  fusiform  muscle,  occuping  the  whole 
of  the  anterior  surface  of  the  arm,  and  divided  above  into  two  portions  or  heads, 
from  which  circumstance  it  has  received  its  name.  The  short  head  arises  by  a 
thick  flattened  tendon  from  the  apex  of  the  coracoid  process,  in  common  with  the 
Coraco-brachialis.  The  long  head  arises  from  the  supraglenoid  tubercle  on  the 
upper  margin  of  the  glenoid  cavity,  by  a  long  rounded  tendon,  which  is  continuous 
with  the  glenoid  ligament.  This  tendon  arches  over  the  head  of  the  humerus, 
being  enclosed  in  a  special  sheath  of  the  synovial  membrane  of  the  shoulder-joint; 
it  then  passes  through  an  opening  in  the  capsular  ligament  at  its  attachment  to  the 
humerus,  and  descends  in  the  bicipital  groove?,  in  which  it  is  retained  by  a  fibrous 
prolongation  from  the  tendon  of  the  Pectoralis  major.  The  fibres  from  this  tendon 
form  a  rounded  belly,  and,  about  the  middle  of  the  arm,  join  with  the  portion  of 
the  muscle  derived  from  the  short  head.  The  belly  of  the  muscle,  narrow  and 
somewhat  flattened,  terminates  above  the  elbow  in  a  flattened  tendon,  which  is 
inserted  into  the  back  part  of  the  tuberosity  of  the  radius,  a  synovial  bursa  being 
interposed  between  the  tendon  and  the  front  of  the  tuberosity.  The  tendon  of  the 
muscle  is  thin  and  broad ;  as  it  approaches  the  radius  it  becomes  narrow  and  twisted 
upon  itself,  so  that  its  external  border  becomes  anterior,  and  its  posterior  flat  sur- 
face is  applied  to  the  back  of  the  tuberosity :  opposite  the  bend  of  the  elbow  the 
tendon  gives  off*,  from  its  inner  side,  a  broad  aponeurosis,  the  bicipital  fascia  {semi- 
lunar fascia),  which  passes  obliquely  downward  and  inward  across  the  brachial 
artery,  and  is  continuous  with  the  deep  fascia  of  the  forearm  (Fig.  302).  The 
inner  border  of  this  muscle  forms  a  guide  to  the  position  of  the  vessel  in  tying  the 
brachial  artery  in  the  middle  of  the  arm.^ 

Belations. — Its  anterior  surface  is  overlapped  above  by  the  Pectoralis  major 
and  Deltoid ;  in  the  rest  of  its  extent  it  is  covered  by  the  superficial  and  deep 
fasciae  and  the  integument.     Its  posterior  surface  rests  on  the  shoulder-joint  and 

*  A  third  head  to  the  Biceps  is  occasionally  found  (Theile  says  as  often  as  once  in  eight  or  nine 
subjects),  arisinnjat  the  upper  and  inner  part  of  the  Brachialis  anticus,  with  the  fibres  of  which  it 
is  continuous,  and  inserter!  into  the  bicipiUil  fascia  and  inner  side  of  the  tendon  of  the  Biceps.  In 
most  cases  this  additional  slip  passes  behind  tlie  brachial  artery  in  its  course  down  the  arm.  Occa- 
sionally the  third  head  consists  of  two  slips  which  pass  down,  one  in  front,  the  other  behind  the  artery, 
concealing  the  vessel  in  the  lower  half  of  the  arm. 
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humerus,  from  which  it  is  separated  by  the  Subscapularis,  Teres  major,  Latissimus 
dorsi,  Brachialis  anticus,  and  the  musculo-cutaneous  nerve.  Its  inner  border  is 
in  relation  with  the  Goraco-brachialis,  the  brachial  vessels,  and  median  nerve ;  its 
outer  border^  with  the  Deltoid  and  Supinator  longus. 

The  Brachialis  anticus  is  a  broad  muscle,  which  covers  the  elbow-joint  and 
the  lower  half  of  the  front  of  the  humerus.  It  is  somewhat  compressed  from 
before  backward,  and  is  broader  in  the  middle  than  at  either  extremity.  It  arises 
from  the  lower  half  of  the  outer  and  inner  surfaces  of  the  shaft  of  the  humerus, 
and  commences  above  at  the  insertion  of  the  Deltoid,  which  it  embraces  by  two 
angular  processes.  Its  origin  extends  below,  to  within  an  inch  of  the  margin  of 
the  articular  surface,  and  is  limited  on  each  side  by  the  external  and  internal 
borders  of  the  shaft  of  the  humerus.  It  also  arises  from  the  intermuscular  septa 
on  each  side,  but  more  extensively  from  the  inner  than  the  outer,  from  which  it  is 
separated  below  by  the  Supinator  longus  and  Extensor  carpi  radialis  longior.  Its 
fibres  converge  to  a  thick  tendon,  which  is  inserted  into  a  rough  depression  on  the 
anterior  surface  of  the  coronoid  process  of  the  ulna,  being  received  into  an  interval 
between  two  fleshy  slips  of  the  Flexor  digitorum  profundus. 

Relations. — By  its  anterior  surface^  with  the  Biceps,  the  brachial  vessels, 
musculo-cutaneous,  and  median  nerves ;  by  its  posterior  surface^  with  the 
humerus  and  front  of  the  elbow-joint ;  by  its  inner  border^  with  the  Triceps,  ulnar 
nerve,  and  Pronator  radii  teres,  from  which  it  is  separated  by  the  intermuscular 
septum  ;  by  its  outer  border^  with  the  musculo-spiral  nerve,  radial  recurrent 
artery,  the  Supinator  longus,  and  Extensor  carpi  radialis  longior. 

Nerres. — The  muscles  of  this  group  are  supplied  by  the  musculo-cutaneous 
nerve.  The  Brachialis  anticus  usually  receives  an  additional  filament  from  the 
musculo-spiral. 

Actions. — The  Coraco-brachialis  draws  the  humerus  forward  and  inward, 
and  at  the  same  time  assists  in  elevating  it  toward  the  scapula.  The  Biceps  is 
a  flexor  of  the  forearm :  it  is  also  a  supinator,  and  serves  to  render  tense  the  deep 
fascia  of  the  forearm  by  means  of  the  broad  aponeurosis  given  off"  from  its  tendon. 
The  Brachialis  anticus  is  a  flexor  of  the  forearm,  and  forms  an  important  defence 
to  the  elbow-joint.  When  the  forearm  is  fixed,  the  Biceps  and  Brachialis  anticus 
flex  the  arm  upon  the  forearm,  as  is  seen  in  efi'orts  of  climbing. 

Posterior  Humeral  Region. 

Triceps.  Subanconeus. 

The  Triceps  {Triceps  extensor  cubiti)  (Fig.  305)  is  situated  on  the  back  of  the 
arm,  extending  the  entire  length  of  the  posterior  surface  of  the  humerus.  It  is  of 
large  size,  and  divided  above  into  three  parts;  hence  its  name.  These  three 
portions  have  been  named  (1)  the  middle,  scapular,  or  long  head ;  (2)  the  external, 
or  long  humeral ;  and  (3)  the  internal,  or  short  humeral  head. 

The  middle  or  scapular  head  arises,  by  a  flattened  tendon,  from  a  rough 
triangular  depression  immediately  below  the  glenoid  cavity,  being  blended  at  its 
upper  part  with  the  capsular  ligament;  the  muscular  fibres  pass  downward 
between  the  two  other  portions  of  the  muscle,  and  join  with  them  in  the  common 
tendon  of  insertion. 

The  external  head  arises  from  the  posterior  surface  of  the  shaft  of  the  humerus, 
between  the  insertion  of  the  Teres  minor  and  the  upper  part  of  the  musculo-spiral 
groove ;  from  the  external  border  of  the  humerus  and  the  external  intermuscular 
septum :  the  fibres  from  this  origin  converge  toward  the  common  tendon  of 
insertion. 

The  internal  head  arises  from  the  posterior  surface  of  the  shaft  of  the  humerus, 
below  the  groove  for  the  musculo-spiral  nerve ;  commencing  above,  narrow  and 
pointed,  below  the  insertion  of  the  Teres  major,  and  extending  to  within  an  inch 
of  the  trochlear  surface:  it  also  arises  from  the  internal  border  of  the  humerus 
and  internal  intermuscular  septum.     The  fibres  of  this  portion  of  the  muscle  are 
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directed,  some  downward  to  the  olecranon,  whilst  others  converge  to  the  common 
tendon  of  insertion. 

The  common  tendon  of  the  Triceps  commences  about  the  middle  of  the  back  part 
of  the  muscle :  it  consists  of  two  aponeurotic  laminae,  one  of  which  is  subcutaneous 
and  covers  the  posterior  surface  of  the  muscle  for  the  lower  half  of  its  extent;  the 
other  is  more  deeply  seated  in  the  substance  of  the  muscle :  after  receiving  the 
attachment  of  the  muscular  fibres,  they  join  together  above  the  elbow,  and  are 
inserted,  for  the  most  part,  into  the  back  part  of  the  upper  surface  of  the  olecranon 
process ;  a  band  of  fibres  is,  however,  continued  downward,  on  the  outer  side, 
over  the  Anconeus,  to  blend  with  the  deep  fascia  of  the  forearm.  A  small  bursa, 
occasionally  multilocular,  is  situated  on  the  front  part  of  this  surface,  beneath  the 
tendon. 

The  long  head  of  the  Triceps  descends  between  the  Teres  minor  and  Teres 
major,  dividing  the  triangular  space  between  these  two  muscles  and  the  humerus 
into  two  smaller  spaces,  one  triangular,  the  other  quadrangular  (Fig.  305).  The 
triangular  space  contains  the  dorsalis  scapulae  vessels ;  it  is  bounded  by  the  Teres 
minor  above,  the  Teres  major  below,  and  the  scapular  head  of  the  Triceps 
externally :  the  quadrangular  space  transmits  the  posterior  circumflex  vessels 
and  the  circumflex  nerve ;  it  is  bounded  by  the  Teres  minor  above,  the  Teres 
major  below,  the  scapular  head  of  the  Triceps  internally,  and  the  humerus  exter- 
nally. 

Relations. — By  its  posterior  surface^  with  the  Deltoid  above :  in  the  rest  of  its 
extent  it  is  subcutaneous;  by  its  anterior  surface^  with  the  humerus,  musculo- 
spiral  nerve,  superior  profunda  vessels,  and  back  part  of  the  elbow-joint.  Its 
middle  or  long  head  is  in  relation,  behind,  with  the  Deltoid  and  Teres  minor ;  in 
front,  with  the  Subscapularis,  Latissimus  dorsi,  and  Teres  major. 

The  Subanconeus  is  a  name  given  to  a  few  fibres  from  the  lower  part  of  the 
Triceps  muscle,  which  are  inserted  into  the  posterior  ligament  of  the  elbow-joint. 
By  some  authors  it  is  regarded  as  the  analogue  of  the  Subcrureus  in  the  lower 
limb,  but  it  is  not  a  separate  muscle. 

Nerves. — The  Triceps  is  supplied  by  the  musculo-spiral  nerve. 

Actions. — The  Triceps  is  the  great  extensor  muscle  of  the  forearm,  serving, 
when  the  forearm  is  flexed,  to  extend  the  elbow-joint.  It  is  the  direct  antagonist 
of  the  Biceps  and  Brachialis  anticus.  When  the  arm  is  extended  the  long  head 
of  the  muscle  may  assist  the  Teres  major  and  Latissimus  dorsi  in  drawing  the 
humerus  backward  and  in  adducting  it  to  the  thorax.  The  long  head  of  the 
Triceps  protects  the  under  part  of  the  shoulder-joint,  and  prevents  displacement 
of  the  head  of  the  humerus  downward  and  backward.  The  Subanconeus  drawls 
up  the  posterior  ligament  during  extension  of  the  forearm. 

Surgical  Anatomy. — The  existence  of  the  band  of  fibres  from  the  Triceps  to  the  fascia  of 
the  forearm  is  of  importance  in  excision  of  the  elbow,  and  should  always  be  carefully  preserved 
from  injurj'  by  the  operator,  as  by  means  of  these  fibres  the  patient  is  enabled  to  extend  the 
forearm,  a  movement  which  would  otherwise  mainly  be  accomplished  by  gravity;  that  is  to  say, 
allowing  the  forearm  to  drop  from  its  own  weight. 

THE  FOREABM. 

Dissection. — To  dissect  the  forearm,  place  the  limb  in  the  position  indicated  in  Fig.  301 ; 
make  a  vertical  incision  along  the  middle  line  from  the  elbow  to  the  wrist,  and  a  transverse 
incision  at  the  extremity  of  this ;  the  superficial  structures  being  removed,  the  deep  fascia  of 
the  forearm  is  exposed. 

The  deep  fascia  of  the  forearm,  continuous  above  with  that  enclosing  the  ann, 
is  a  dense,  highly  glistening  aponeurotic  investment,  which  forms  a  general  sheath 
enclosing  the  muscles  in  this  region  ;  it  is  attached,  behind,  to  the  olecranon  and 
posterior  border  of  the  ulna,  and  gives  off*  from  its  inner  surface  numerous  inter- 
muscular septa,  which  enclose  each  muscle  separately.  Below,  it  is  continuous  in 
front  with  the  anterior  annular  ligament,  and  forms  a  sheath  for  the  tendon  of  the 
Palmaris  longus  muscle,  which  passes  over  the  annular  ligament  to  be  inserted 
into  the  palmar  fascia.     Behind,  near  the  wrist-joint,  it  becomes  much  thickened 
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by  the  addition  of  many  transverse  fibres,  and  forms  the  posterior  annular  liga- 
ment. It  consists  of  circular  and  oblique  fibres,  connected  together  by  numerous 
vertical  fibres.  It  is  much  thicker  on  the  dorsal  than  on  the  palmar  surface,  and 
at  the  lower  than  at  the  upper  part  of  the  forearm,  and  is  strengthened  by 
tendinous  fibres  derived  from  the  Brachialis  anticus  and  Biceps  in  front,  and  from 
the  Triceps  behind.  Its  inner  surface  gives  origin  to  muscular  fibres,  especially 
at  the  upper  part  of  the  inner  and  outer  sides  of  the  forearm,  and  forms  the 
boundaries  of  a  series  of  conical-shaped  cavities,  in  which  the  muscles  are 
contained.  Besides  the  vertical  septa  separating  each  muscle,  transverse  septa  are 
given  olF  both  on  the  anterior  and  posterior  surfaces  of  the  forearDi,  separating  the 
deep  from  the  superficial  layer  of  muscles.  Numerous  apertures  exist  in  the  fascia 
for  the  passage  of  vessels  and  nerves ;  one  of  these,  of  large  size,  situated  at  the 
front  of  the  elbow,  serves  for  the  passage  of  a  communicating  branch  between  the 
superficial  and  deep  veins. 

The  muscles  of  the  forearm  may  be  subdivided  into  groups  corresponding  to 
the  region  they  occupy.  One  group  occupies  the  inner  and  anterior  aspect  of  the 
forearm,  and  comprises  the  Flexor  and  Pronator  muscles.  Another  group  occupies 
its  outer  side,  and  a  third  its  posterior  aspect.  The  two  latter  groups  include  all 
the  Extensor  and  Supinator  muscles. 

Anterior  Brachial  Region. 

Superficial  Layer, 

Pronator  radii  teres.  Flexor  carpi  ulnaris. 

Flexor  carpi  radialis.  Flexor  sublimis  digitorum. 

Palmaris  longus. 

These  muscles  take  origin  from  the  internal  condyle  of  the  humerus  by  a 
common  tendon. 

The  Pronator  radii  teres  arises  by  two  heads.  One,  the  larger  and  more 
superficial,  arises  from  the  humerus,  immediately  above  the  internal  condyle,  and 
from  the  tendon  common  to  the  origin  of  the  other  muscles ;  also  from  the  fascia 
of  the  forearm  and  intermuscular  septum  between  it  and  the  Fl-exor  carpi  radialis. 
The  other  head  is  a  thin  fasciculus  which  arises  from  the  inner  side  of  the 
coronoid  process  of  the  ulna,  joining  the  preceding  at  an  acute  angle.  Between 
the  two  heads  passes  the  median  nerve.  The  muscle  passes  obliquely  across  the 
forearm  from  the  inner  to  the  outer  side,  and  terminates  in  a  flat  tendon,  which 
turns  over  the  outer  margin  of  the  radius,  and  is  inserted  into  a  rough  impression 
at  the  middle  of  the  outer  surface  of  the   shaft  of  that  bone. 

BelationB. — By  its  anterior  surfacey  with  the  deep  fascia,  the  Supinator  longus, 
and  the  radial  vessels  and  nerve ;  by  its  posterior  surface^  with  the  Brachialis 
anticus,  Flexor  sublimis  digitorum,  the  median  nerve,  and  ulnar  artery,  the  small 
or  deep  head  being  interposed  between  the  two  latter  structures.  Its  outer  border 
forms  the  inner  boundary  of  a  triangular  space  in  which  is  placed  the  brachial 
artery,  median  nerve,  and  tendon  of  the  Biceps  muscle.  Its  inner  border  is  in 
contact  with  the  Flexor  carpi  radialis. 

Surgical  Anatomy. — This  muscle,  when  suddenly  brought  into  very  active  use,  as  in  the 
irame  of  lawn  tennis,  is  apt  to  be  strained,  producing  slight  swelling,  tenderness,  and  pain  on 
patting  the  muscle  into  action.     This  is  known  as  "lawn-tennis  arm." 

The  Flezor  carpi  radialis  lies  on  the  inner  side  of  the  preceding  muscle.  It 
arises  from  the  internal  condyle  by  the  common  tendon,  from  the  fascia  of  the  fore- 
arm, and  from  the  intermuscular  septa  between  it  and  the  Pronator  radii  teres,  on 
the  outside,  the  Palmaris  longus  internally,  and  the  Flexor  sublimis  digitorum 
beneath.  Slender  and  aponeurotic  in  structure  at  its  commencement,  it  increases 
in  size,  and  terminates  in  a  tendon  which  forms  the  lower  two-thirds  of  its  length. 
This  tendon  passes  through  a  canal  on  the  outer  side  of  the  annular  ligament, 
runs  through  a  groove  in  the  os  trapezium  (which  is  converted  into  a  canal  by  a 
fibrous  sheath,  and  lined  by  a  synovial  membrane),  and  is  inserted  into  the  base 
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of  the  metacarpal  bone  of  the  index   fioger.  aod  by  a  slip  into  the  base  of  the 

metacarpal  bone  of  the  middle  finger.     The  radial  artery  lies  between  the  tendon 

of  this  muscle  and  the  Supinator  longus,  and  may  easily  be  tied  in  this  situation. 

BelatloDfl. — By  its  mi pt-rfiinal  surface,  with  the  deep  fascia  and  the  integument : 

by  its  deep  surface,  with  the  Fle.xor  sublimis  digltorum,  Flexor  longus  poUicis.  and 

wrist-joint;  byits  outer  border,  ■v\th  the  Pronator  radii  teres  and  the  radial  vessels; 

by  its  inifr  border,  with  the  Palmaris  longus  above  and  the  median  nerve  below. 

The  Falmuis  longns  ia  a  slender,  fusiform  muscle  lying  on  the  inner  side  of 

the  preceding.     It  arises  from  the  inner  condyle  of 

the  humerus  by  the  common  tendon,  from  the  deep 

fascia,  and  the  intermuscular  septa  between  it  and 

the  adjacent  muscles.     It  terminates  in  a  slender, 

flattened   tendon  which   passes   over  the  annular 

ligament  to  end  in  the  palmar  fascia,  frefpiently 

sending  a  tendinous  slip  to  the  short  muscles  of 

the  thumb.     This  muscle  is  often  absent. 

Belations. — By  its  superficial  surface,  with  the 
deep  fascia;  by  its  deep  surface,  with  the  Flexor 
sublimis  digitorum ;  intemaVy,  with  the  Flexor 
carpi  ulnariB  ;  externally,  with  the  Flexor  carpi 
radialis.  The  median  nerve  lies  close  to  the  ten- 
don, just  above  the  wrist,  on  its  inner  and  posterior 
side. 

The  Flexor  carpi  nlnarie  lies  along  the  ulnar 
side  of  the  forearm.  It  arises  by  two  heads  con- 
nected by  a  tendinous  arch,  beneath  which  pass 
the  ulnar  nerve  and  posterior  ulnar  recurrent 
artery.  One  head  arises  from  the  inner  condyle 
of  the  humerus  by  the  common  tendon;  the  other, 
from  the  inner  margin  of  the  olecranon  by  an 
aponeurosis  from  the  upper  two-thirds  of  the 
posterior  border  of  the  ulna,  in  common  with  the 
Extensor  carpi  ulnaris  and  the  Flexor  profundus 
digitorum,  and  from  ihc  intermuscular  septum 
between  it  and  the  Flexor  sublimis  digitorum. 
The  fibres  terminate  in  a  tendon  which  occupies 
the  anterior  part  of  the  lower  half  of  the  muscle, 
and  is  inserted  into  the  pisiform  bone,  and  is  pro- 
longed from  this  to  the  fifth  metacarpal  and  unci- 
form bones  by  thepiso-metacarpalandpiso-uncinate 
ligaments  and  to  the  annular  ligament.  The  ulnar 
artery  lies  on  the  outer  side  of  the  tendon  of  this 
muscle,  in  the  lower  two-thirds  of  the  foreariu, 
the  tendon  forming  a  guide  in  tying  the  vessel  in 
this  situation. 

Belstloos. — By  ils  superficial  surface,  with  the 
deep  fascia,  with  which  it  is  intimately  connected 
for  a  considerable  extent;  byits  deep  siirfan-, 
with  the  Flexor  sublimis  digitorum,  the  Flexor 
profundus  digitorum,  the  Pronator  quadratns,  and 
the  ulnar  vessels  and  nerve  ;  by  its  outer  or  ratiial 
harder,  with  the  Palmaris  longus  above,  and  the 
Superiiciai  Diut^ues!  "  '  ^  *     orearm.  ^^^^^  voBsels  and  nerve  below. 

The  Flezoi  sublimis  dlgitonun  (perforatns)  is 
placed  beneath  the  preceding  muscles,  which  therefore  must  be  removed  in  order 
to  bring  its  attachment  into  view.  It  is  the  largest  of  the  muscles  of  the  super- 
ficial laver.  and  arises  bv  three  heads.     One  head  arises  from  the  internal  condvle 


K 


THE  ANTERIOR   BRACHIAL   REGION.  483 

of  the  humerus  by  the  common  tendon,  from  the  internal  lateral  ligament  of  the 
elbow-joint,  and  from  the  intermuscular  septum  common  to  it  and  the  pre- 
ceding muscles.  The  second  head  arises  from  the  inner  side  of  the  coronoid 
process  of  the  ulna,  above  the  ulnar  origin  of  the  Pronator  radii  teres  (Fig.  200, 
p.  257).  The  third  head  arises  from  the  oblique  line  of  the  radius,  extending  from 
the  tubercle  to  the  insertion  of  the  Pronator  radii  teres.  The  fibres  pass  vertically 
downward,  forming  a  broad  and  thick  muscle,  which  divides  into  four  tendons 
about  the  middle  of  the  forearm ;  as  these  tendons  pass  beneath  the  annular 
ligament  into  the  palm  of  the  hand  they  are  arranged  in  pairs,  the  anterior  pair 
corresponding  to  the  middle  and  ring  fingers,  the  posterior  pair  to  the  index  and 
little  fingers.  The  tendons  diverge  from  one  another  as  they  pass  onward. 
Opposite  the  base  of  the  first  phalanges  each  tendon  divides  into  two  slips,  to 
allow  of  the  passage  of  the  corresponding  tendons  of  the  Flexor  profundus 
digitorum ;  the  two  portions  of  the  tendon  then  unite  and  form  a  grooved  channel 
for  the  reception  of  the  accompanying  deep  flexor  tendon.  Finally  they  subdivide 
a  second  time,  to  be  inserted  into  the  sides  of  the  second  phalanges  about  their 
middle.  After  leaving  the  palm  these  tendons,  accompanied  by  the  deep  flexor 
tendons,  lie  in  osseo-aponeurotic  canals  formed  by  the  fibrous  sheath  of  the  tendons 
and  the  bones  (Fig.  316). 

Relations. — In  the  forearm,  by  its  superficial  surface^  with  the  deep  fascia  and 
all  the  preceding  superficial  muscles ;  by  its  deep  surface,  with  the  Flexor  profundus 
digitorum,  Flexor  longus  pollicis,  the  ulnar  vessels  and  nerve,  and  the  median 
nerve.  In  the  hand  its  tendons  are  in  relation,  in  front,  with  the  palmar  fascia, 
superficial  palmar  arch,  and  the  branches  of  the  median  nerve ;  behind,  with  the 
tendons  of  the  deep  Flexor  and  the  Lumbricales. 

Fibrous  Sheath  of  the  Flexor  Tendons. — The  flexor  tendons  of  the  fingers  as 
they  run  along  the  phalanges  are  retained  against  the  bones  by  a  fibrous  sheath, 
forming  osseo-aponeurotic  canals.  These  sheaths  are  formed  by  strong  fibrous 
bands  which  arch  across  the  tendons  and  are  attached  on  each  side  to  the  margins 
of  the  phalanges.  Opposite  the  middle  of  the  proximal  and  second  phalanges  the 
sheath  is  very  strong,  and  the  fibres  pass  transversely ;  but  opposite  thejointsitis 
much  thinner,  and  the  fibres  pass  obliquely.  Each  sheath  is  lined  by  a  synovial 
membrane,  which  is  reflected  on  the  contained  tendon. 

Deep  Layer, 

Flexor  profundus  digitorum.  Flexor  longus  pollicis. 

Pronator  quadratus. 

Dissection. — ^Divide  each  of  the  sui)erficial  muscles  at  its  centre,  and  turn  either  end  aside ; 
the  deep  layer  of  muscles,  together  with  the  median  nerve  and  ulnar  vessels,  will  then  be 
exposed. 

The  Flexor  profiindas  digitorum  (perforans)  (Fig.  307)  is  situated  on  the 
ulnar  side  of  the  forearm,  immediately  beneath  the  superficial  Flexors.  It  arises 
from  the  upper  three-fourths  of  the  anterior  and  inner  surfaces  of  the  shaft  of  the 
ulna,  embracing  the  insertion  of  the  Brachialis  anticus  above,  and  extending, 
below,  to  within  a  short  distance  of  the  Pronator  quadratus.  It  also  arises  from  a 
depression  on  the  inner  side  of  the  coronoid  process ;  by  an  aponeurosis  from  the 
upper  three-fourths  of  the  posterior  border  of  the  ulna,  in  common  with  the  Flexor 
and  Extensor  carpi  ulnaris ;  and  from  the  ulnar  half  of  the  interosseous  membrane. 
The  fibres  form  a  fleshy  belly  of  considerable  size,  which  divides  into  four  tendons  : 
these  pass  under  the  annular  ligament  beneath  the  tendons  of  the  Flexor  sublimis 
digitorum.  Opposite  the  first  phalanges  the  tendons  pass  between  the  two  slips  of 
the  tendons  of  the  Flexor  sublimis  digitorum,  and  are  finally  inserted  into  the 
bases  of  the  last  phalanges.  The  tendon  of  the  index  finger  is  distinct ;  the  rest 
are  connected  together  by  cellular  tissue  and  tendinous  slips  as  far  as  the  palm  of 
the  hand.  The  tendons  of  this  and  those  of  the  Flexor  sublimis  digitorum,  whilst 
contained  in  the  osseo-aponeurotic  canals  of  the  fingers,  are  invested  in  a  synovial 
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sheath,  and  are  connected  to  each 
other  and  to  the  phalanges  by  slender 
tendinous  filaments,  called  vivcula 
accessoria  iendimim.  One  of  these  con- 
nects the  deep  tendon  to  the  bone  be- 
fore it  passes  through  the  superficial 
tendon;  a  second  connecis  ihe  two 
tendons  together,  after  the  deep  ten- 
dons have  passed  through;  and  a 
third  connects  the  deep  tendon  to  the 
head  of  the  second  phalanx.  Tbiii  la»t 
consistslargely  of  yellow  elastic  tissue, 
and  may  assist  in  drawing  down  the 
tendon  after  flexion  of  the  finger.' 

Four  small  muscles,  the  Lum- 
bricales,  are  connected  with  the  ten- 
dons of  the  Flexor  profundus  in  the 
palm.  They  will  be  described  with 
the  muscles  in  that  region. 

BelatlDna. — By  its  guperficial  »iir- 
face,  in  the  forearm,  with  the  Flexor 
Bublimis  digitorum.  the  Flexor  carpi 
ulnaris,  the  ulnar  vessels  and  nerve, 
and  the  median  nerve ;  and  in  the 
band,  with  the  tendons  of  the  super- 
ficial Flexor ;  by  its  dtep  mrface.  in 
the  forearm,  with  the  ulna,  the  in- 
terosseous membrane,  the  Pronator 
quadratus ;  and  in  the  hand,  with  the 
interoBsei,  Adductor  pollicis,  and  de*"p 
palmar  arch;  by  it3  ulnar  border,  with 
the  Flexor  carpi  ulnaris;  by  itsradial 
border,  with  the  Flexor  longus  pollicis. 
the  anterior  interosseous  vessels  and 
nerve  being  interposed. 

The  Flexor  longus  pollicis  is  situ- 
ated on  the  radial  side  of  the  forearm, 
lying  on  the  same  plane  as  the  pre- 
ceding. It  arises  from  the  grooved 
anterior  surface  of  the  shaft  of  the 
radius,  commencing  above,  imme- 
diately below  the  tuberosity  and  ob- 
lique line,  and  extending  below  to 
within  a  short  distance  of  the  Pro- 
nator ijuadratus.  It  also  arises  from 
the  adjacent  part  of  the  interosseous 
membrane,  and  generally  by  a  fleshy 
slip  from  the  base  of  the  eoronoid 
process.  The  fibres  pass  downward, 
and  terminate  in  a  flattened  tendon 
which  passes  beneath  the  annular 
ligament,  is  then  lodged  in  the  in- 
tei-space  between  the  outer  head  of 
the  Flexor  brevis  pollicis  and  the 
Adductor  obliquus  pollicis,  and  en- 
tering an  osseo-aponeurotic  canal 
-.  M(d.'Chir.  ifci-.,  ia53. 


THE  RADIAL  REGION.  485 

similar  to  those  for  the  other  flexor  tendons,  is  inserted  into  the  base  of  the 
last  phalanx  of  the  thumb. 

Belatioiis. — By  its  superficial  surface^  with  the  Flexor  sublimis  digitorum, 
Flexor  carpi  radialis,  Supinator  longus,  and  radial  vessels ;  by  its  deep  surface^ 
with  the  radius,  interosseous  membrane,  and  Pronator  (juadratus;  by  its  ulnar 
border^  with  the  Flexor  profundus  digitorum,  from  which  it  is  separated  by  the 
anterior  interosseous  vessels  and  nerve. 

The  Pronator  qnadratus  is  a  small,  flat,  quadrilateral  muscle,  extending  trans- 
versely across  the  front  of  the  radius  and  ulna,  above  their  carpal  extremities.  It 
arises  from  the  oblique  or  pronator  ridge  on  the  lower  part  of  the  anterior  surface 
of  the  shaft  of  the  ulna ;  from  the  lower  fourth  of  the  anterior  surface  and  the 
anterior  border  of  the  ulna ;  and  from  a  strong  aponeurosis  which  covers  the  inner 
third  of  the  muscle.  The  fibres  pass  horizontally  outward,  to  be  inserted  into 
the  lower  fourth  of  the  anterior  surface  and  anterior  border  of  the  shaft  of  the 
radius. 

Relations. — By  its  superficial  surface,  with  the  Flexor  profundus  digitorum,  the 
Flexor  longus  pollicis,  Flexor  carpi  radialis,  and  the  radial  vessels ;  by  its  deep 
mrface^  with  the  radius,  ulna,  and  interosseous  membrane. 

Nerres. — All  the  muscles  of  the  superficial  layer  are  supplied  by  the  median 
nerve,  excepting  the  Flexor  carpi  ulnaris,  which  is  supplied  by  the  ulnar.  Of  the 
deep  layer,  the  Flexor  profundus  digitorum  is  supplied  conjointly  by  the  ulnar  and 
by  the  median  through  its  branch,  the  anterior  interosseous  nerve,  which  also  sup- 
plies the  Flexor  longus  pollicis  and  Pronator  quadratus. 

Actions. — These  muscles  act  upon  the  forearm,  the  wrist,  and  hand.  The 
Pronator  radii  teres  helps  to  rotate  the  radius  upon  the  ulna,  rendering  the  hand 
prone:  when  the  radius  is  fixed  it  assists  the  other  muscles  in  flexing  the 
forearm.  The  Flexor  carpi  radialis  is  one  of  the  flexors  of  the  wrist;  when 
acting  alone  it  flexes  the  wrist,  inclining  it  to  the  radial  side.  It  can  also 
assist  in  pronating  the  forearm  and  hand,  and,  by  continuing  its  action,  to  bend 
the  elbow.  The  Flexor  carpi  ulnaris  is  one  of  the  flexors  of  the  wrist :  when 
acting  alone  it  flexes  the  wrist,  inclining  it  to  the  ulnar  side,  and,  by  continuing 
to  contract,  to  bend  the  elbow.  The  ralmaris  longus  is  a  tensor  of  the  palmar 
fascia.  It  also  assists  in  flexing  the  wrist  and  elbow.  The  Flexor  sublimis 
digitorum  flexes  first  the  middle,  and  then  the  proximal,  phalanx.  It  assists 
in  flexing  the  wrist  and  elbow.  The  Flexor  profundus  digitorum  is  one  of 
the  flexors  of  the  phalanges.  After  the  Flexor  sublimis  has  bent  the  second 
phalanx,  the  Flexor  profundus  flexes  the  terminal  one,  but  it  cannot  do  so 
until  after  the  contraction  of  the  superficial  muscle.  It  also  assists  in  flexing 
the  wrist.  The  Flexor  longus  pollicis  is  a  flexor  of  the  phalanges  of  the 
thumb.  When  the  thumb  is  fixed  it  also  assists  in  flexing  the  wrist.  The 
Pronator  quadratus  helps  to  rotate  the  radius  upon  the  ulna,  rendering  the  hand 
prone. 

Radial  Region  (Fig.  308). 

Supinator  longus.  Extensor  carpi  radialis  longior. 

Extensor  carpi  radialis  brevior. 

DlBSection. — Divide  the  integument  in  the  same  manner  as  in  the  dissection  of  the  anterior 
brachial  region,  and,  after  having  examined  the  cutaneous  vessels  and  nerves  and  deep  fascia, 
remove  all  those  structures.  The  muscles  will  then  be  exposed.  The  removal  of  the  fascia  will 
be  considerably  facilitated  by  detaching  it  from  below  upward.  Great  care  should  be  taken  to 
avoid  cutting  across  the  tendons  of  the  muscles  of  the  tnumb,  which  cross  obliquely  the  larger 
tendons  running  down  the  back  of  the  radius. 

The  Supinator  longus  is  the  most  superficial  muscle  on  the  radial  side  of  the 
forearm :  it  is  fleshy  for  the  upper  two-thirds  of  its  extent,  tendinous  below.  It 
arises  from  the  upper  two-thirds  of  the  external  condyloid  ridge  of  the  humerus, 
and    from   the    external    intermuscular    septum,   being   limited   above   by   the 
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musculo-spiral  groove.  The  fibres 
terminate  above  the  middle  of  the  fore- 
arm in  a  flat  tendon  which  is  inserted 
into  the  outer  side  of  the  base  of 
the  styloid  process  of  the  radius. 

Kelations. — By  its  mperficial  sur- 
face, with  the  integument  and  fascia 
for  the  greater  part  of  its  extent; 
near  its  insertion  it  is  cropped  by  the 
Extensor  oasis  metacarpi  pollicis  and 
the  Extensor  brevis  pollicis;  by  iis 
deep  gurfacf,  vhh  the  humerus,  the 
Extensor  carpi  radialis  longior  and 
brevior,  the  insertion  of  the  Pronator 
radii  teres,  and  the  Supinator  brevis; 
by  its  I'wner  border,  above  the  elbow, 
with  the  Bracbialis  anticus,  the 
musculo -spiral  nerve,  and  radial  re- 
current artery  ;  and  in  the  forearm 
with  the  radial  vessels  and  nerve. 

The  SztensoT  carpi  radialia  longioi 
is  placed  partly  beneath  the  pre- 
ceding muscle.  It  arises  from  the 
lower  (bird  of  the  external  condyloid 
ridge  of  the  humerns,  and  from  the 
external  intermuscular  septum.  The 
fibres  terminate  at  the  upper  third  of 
the  forearm  in  a  flat  tendon,  which 
runs  along  the  outer  border  of  the 
radius,  beneath  the  extensor  tendons 
of  the  thumb ;  it  then  passes  through 
a  groove  common  to  it  and  the  Ex- 
tensor carpi  radialis  brevior.  imme- 
diately behind  the  stvloid  process,  and 
is  inserted  into  the  base  of  the  meta- 
carpal bone  of  the  index  finger,  on  its 
radial  side. 

Belations. — By  its  tuperficial  aur- 
faee,  with  the  Supinator  longus,  and 
fascia  of  the  forearm ;  its  outer  gnie  is 
crossed  obliquely  by  the  extensor  ten- 
dons of  the  thumb ;  by  its  deep  mrfaee, 
with  the  elbow-joint,  the  Extensor 
carpi  radialis  brevior,  anil  back  part 
of  the  wrist. 

The  Sxtenaor  carpi  radialis  brorior 
is  shorter,  as  its  name  implies,  and 
thicker  than  the  preceding  muscle,  be- 
neath which  it  is  placed.  It  arises 
from  the  external  condyle  of  the 
humerus  by  a  tendon  common  to  it 
and  the  three  following  muscles ;  from 
the  external  lateral  ligament  of  the 
elbow-joint,  from  a  strong  aponeurosis 
which  covers  its  surface,  and  from 
the  intermuscular  septa  between  it  and 
the  adjacent  muscles.     The  fibres  ter- 
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minate  about  the  middle  of  the  forearm  in  a  flat  tendon  which  is  closely  connected 
with  that  of  the  preceding  muscle,  and  accompanies  it  to  the  wrist,  lying  in  the 
same  groove  on  the  posterior  surface  of  the  radius;  it  passes  beneath  the  extensor 
tendons  of  the  thumb,  then  beneath  the  annular  ligament,  and,  diverging  some- 
what from  its  fellow,  is  inserted  into  the  base  of  the  metacarpal  bone  of  the  middle 
finger,  on  its  radial  side. 

The  tendons  of  the  two  preceding  muscles  pass  through  the  same  compartment 
of  the  annular  ligament,  and  are  lubricated  by  a  single  synovial  membrane,  but  are 
separated  from  each  other  by  a  small  vertical  ridge  of  bone  as  they  lie  in  the 
groove  at  the  back  of  the  radius. 

Selations. — By  its  superficial  surface^  with  the  Extensor  carpi  radialis  longior, 
and  with  the  Extensor  muscles  of  the  thumb  which  cross  it ;  by  its  deep  surface^ 
with  the  Supinator  brevis,  tendon  of  the  Pronator  radii  teres,  radius,  and  wrist- 
joint  ;  by  its  ulnar  border^  with  the  Extensor  communis  digitorum. 

Posterior  Brachial  Region  (Fig.  308). 

Superficial  Layer, 

Extensor  communis  digitorum.  Extensor  carpi  ulnaris. 

Extensor  minimi  digiti.  Anconeus. 

The  Extensor  communis  digitorum  is  situated  at  the  back  part  of  the  forearm. 
It  arises  from  the  external  condyle  of  the  humerus  by  the  common  tendon,  from 
the  deep  fascia,  and  the  intermuscular  septa  between  it  and  the  adjacent  muscles. 
Just  below  the  middle  of  the  forearm  it  divides  into  three  tendons,  which  pass, 
together  with  the  Extensor  indicis,  through  a  separate  compartment  of  the  annular 
ligament,  lubricated  by  a  synovial  membrane.  The  tendons  then  diverge,  the 
innermost  one  dividing  into  two ;  and  all,  after  passing  across  the  back  of  the 
hand,  are  inserted  into  the  second  and  third  phalanges  of  the  fingers  in  the 
following  manner :  Each  tendon  becomes  narrow  and  thickened  opposite  the  meta- 
carpo-phalangeal  articulation,  and  gives  oif  a  thin  fasciculus  upon  each  side  of  the 
joint, which  blends  with  the  lateral  ligaments  and  serves  as  the  posterior  ligament ; 
after  having  passed  the  joint  it  spreads  out  into  a  broad  aponeurosis,  which  covers 
the  whole  of  the  dorsal  surface  of  the  first  phalanx,  being  reinforced,  in  this 
situation,  by  the  tendons  of  the  Interossei  and  Lumbricales.  Opposite  the  first 
phalangeal  joint  this  aponeurosis  divides  into  three  slips,  a  middle  and  two  lateral : 
the  former  is  inserted  into  the  base  of  the  second  phalanx  ;  and  the  two  lateral, 
which  are  continued  onward  along  the  sides  of  the  second  phalanx,  unite  by 
their  contiguous  margins,  and  are  inserted  into  the  dorsal  surface  of  the  last 
phalanx.  As  the  tendons  cross  the  phalangeal  joints  they  furnish  them  with 
posterior  ligaments.  The  tendons  of  the  middle,  ring,  and  little  fingers  are 
connected  together,  as  they  cross  the  hand,  by  small,  oblique,  tendinous  slips,  or 
vincula  ;  those  on  each  side  of  the  ring  finger  are  strong,  and  bind  the  tendon  of 
this  finger  closely  to  those  of  the  middle  and  little  finger,  so  that  it  cannot,  in 
general,  be  freely  extended  without  moving  the  other  two.  Sometimes  there  is 
also  a  thin  slip  between  the  tendons  of  the  index  and  middle  fingers.  The  tendons 
of  the  index  and  little  fingers  also  receive,  before  their  division,  the  special  extensor 
tendons  belonging  to  them. 

Belations. — By  its  superficial  surface^  with  the  fascia  of  the  forearm  and  hand, 
the  posterior  annular  ligament,  and  integument;  by  its  deep  surface^  with  the 
Supinator  brevis,  the  Extensor  muscles  of  the  thumb  and  index  finger,  the 
posterior  interosseous  vessels  and  nerve,  the  wrist-joint,  carpus,  metacarpus,  and 
phalanges  ;  by  its  radial  border,  with  the  Extensor  carpi  radialis  brevior ;  by  its 
ulnar  border,  with  the  Extensor  minimi  digiti  and  Extensor  carpi  ulnaris. 

The  Extensor  minimi  digiti  is  a  slender  muscle  placed  on  the  inner  side  of 
the  Extensor  communis,  with  which  it  is  generally  connected.  It  arises  from  the 
common  tendon  by  a  thin,  tendinous  slip,  and  from  the  intermuscular  septa 
hetween   it   and    the   adjacent   muscles.      Its    tendon    runs  through  a  separate 
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compartment  in  the  annular  ligament  behind  the  inferior  radio-ulnar  joint,  then 
divides  into  two  as  it  crosses  the  hand,  one  slip  being  united  to  the  common 
extensor  by  a  cross-piece  at  the  metacarpo-phalangeal  articulation.  Both  finally 
spread  into  a  broad  aponeurosis  which  blends  with  the  common  extensor  to  the 
finger,  and  is  inserted  into  the  second  and  third  phalanges.  The  tendon  is 
situated  on  the  ulnar  side  of,  and  somewhat  more  superficial  than,  the  common 
extensor. 

The  Extensor  carpi  ulnaris  is  the  most  superficial  muscle  on  the  ulnar  side  of 
the  forearm.  It  arises  from  the  external  condyle  of  the  humerus  by  the  common 
tendon ;  from  the  middle  third  of  the  posterior  surface  of  the  ulna,  below  the 
Anconeus,  and  by  an  aponeurosis  from  the  posterior  border  of  the  ulna  in  commcm 
with  the  Flexor  carpi  ulnaris  and  the  Flexor  profundus  digitorum ;  and  from  the 
deep  fascia  of  the  forearm.  This  muscle  terminates  in  a  tendon  which  runs  through 
a  groove  behind  the  styloid  process  of  the  ulna,  passes  through  a  separate  compart- 
ment in  the  annular  ligament,  and  is  inserted  into  the  prominent  tubercle  on  the 
ulnar  side  of  the  base  of  the  metacarpal  bone  of  the  little  finger. 

Relations. — By  its  superficial  surface^  with  the  deep  fascia  of  the  forearm  ;  by 
its  deep  surface^  with  the  ulna  and  the  muscles  of  the  deep  layer. 

The  Anconeus  is  a  small  triangular  muscle  placed  behind  and  below  the  elbow- 
joint,  and  appears  to  be  a  continuation  of  the  external  portion  of  the  Triceps.  It 
arises  by  a  separate  tendon  from  the  back  part  of  the  outer  condyle  of  the  humerus, 
and  is  inserted  into  the  side  of  the  olecranon  and  upper  fourth  of  the  posterior 
surface  of  the  shaft  of  the  ulna ;  its  fibres  diverge  from  their  origin,  the  upper 
ones  being  directed  transversely,  the  lower  obliquely  inward. 

Relations. — By  its  superficial  surface^  with  a  strong  fascia  derived  from  the 
Triceps ;  by  its  deep  surface^  with  the  elbow-joint,  the  orbicular  ligament,  the 
ulna,  and  a  small  portion  of  the  Supinator  brevis. 

Deep  Layer  (Fig.  310). 

Supinator  brevis.  Extensor  brevis  pollicis. 

Extensor  ossis  metacarpi  pollicis.  Extensor  longus  pollicis. 

Extensor  indicis. 

The  Supinator  brevis  is  a  broad  muscle,  of  a  hollow  cylindrical  form,  curved 
round  the  upper  third  of  the  radius.  It  consists  of  two  distinct  planes  of  muscular 
fibres,  between  which  lies  the  posterior  interosseous  nerve.  The  two  planes  arise 
in  common :  the  superficial  one  by  tendinous,  and  the  deeper  by  muscular  fibres 
from  the  external  condyle  of  the  humerus ;  from  the  external  lateral  ligament  of 
the  elbow-joint  and  the  orbicular  ligament  of  the  radius;  from  the  ridge  on  the 
ulna,  which  runs  obliquely  downward  from  the  posterior  extremity  of  the  lesser 
sigmoid  cavity ;  from  the  triangular  depression  in  front  of  it ;  and  from  a  tendinous 
expansion  which  covers  the  surface  of  the  muscle.  The  superficial  fibres  surround 
the  upper  part  of  the  radius,  and  are  inserted  into  the  outer  edge  of  the  bicipital 
tuberosity  and  to  the  oblitjue  line  of  the  radius,  as  low  down  as  the  insertion  of  the 
Pronator  radii  teres.  The  upper  fibres  of  the  deeper  plane  form  a  sling-like 
fasciculus,  which  encircles  the  neck  of  the  radius  above  the  tuberosity  and  is 
attached  to  the  back  part  of  its  inner  surface :  the  greater  part  of  this  portion  of 
the  muscle  is  inserted  into  the  posterior  and  external  surface  of  the  shaft,  midway 
between  the  oblique  line  and  the  head  of  the  bone.  Between  the  insertion  of  the 
two  planes  the  posterior  interosseous  nerve  lies  on  the  shaft  of  the  bone. 

Relations. — By  its  superficial  surface^  with  the  superficial  Extensor  and 
Supinator  muscles,  and  the  radial  vessels  and  nerve ;  by  its  deep  surface^  with  the 
elbow-joint,  the  interosseous  membrane,  and  the  radius. 

The  Extensor  ossis  metacarpi  pollicis  is  the  most  external  and  the  largest  of 
the  deep  extensor  muscles :  it  lies  immediately  below  the  Supinator  brevis,  with 
which  it  is  sometimes  united.  It  arises  from  the  posterior  surface  of  the  shafb  of 
the  ulna  below  the  insertion  of  the  Anconeus,  from  the  interosseous  membrane. 
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ind  from  the  middle  third  of  the  posterior  surface  of  the  shaft  of  the  radius. 
Passing  obliquelv  downward  and  outward,  it  terminates  in  a  tendon  which  runs 
through  a  groove  on  the  outer  side 
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f^frcoQ.  nf  Englaadi.  Fio,  810.— Ptnterioraurfece  of  the  forearm.    Deep  muscle*. 

with  the  ulna,  interosseous  membrane,  radius,  the  tendons  of  the  Extensor  carpi 
radialia  lon^ior  and  brevior.  which  it  crosses  obliquely,  and,  at  the  outer  side  of 
the  wrist,  with  the  radial  vessels;  by  its  upper  border,  with  the  Supinator  brevis; 
tiy  Its  iower  border,  with  the  Extensor  brevis  pollicis. 


490  THE  MUSCLES  AND   FASCIA. 

The  Extensor  brevis  pollicis  {Extensor  primi  internodii  pollicis)^  the  smallest 
muscle  of  this  group,  lies  on  the  inner  side  of  the  preceding.  It  arises  from  the  pos- 
terior surface  of  the  shaft  of  the  radius,  below  the  Extensor  ossis  metacarpi  pollicis, 
and  from  the  interosseous  membrane.  Its  direction  is  similar  to  that  of  the 
Extensor  ossis  metacarpi  pollicis,  its  tendon  passing  through  the  same  groove  on 
the  outer  side  of  the  styloid  process,  to  be  inserted  into  the  base  of  the  first  phalanx 
of  the  thumb. 

Relations. — The  same  as  those  of  the  Extensor  ossis  metacarpi  pollicis. 

The  Extensor  longus  pollicis  {ExtenBor  secundi  internodii  pollicis)  is  much  larger 
than  the  preceding  muscle,  the  origin  of  which  it  partly  covers  in.  It  arises  from 
the  posterior  surface  of  the  shaft  of  the  ulna,  below  the  origin  of  the  Extensor 
ossis  metacarpi  pollicis,  and  from  the  interosseous  membrane.  It  terminates  in  a 
tendon  which  passes  through  a  separate  compartment  in  the  annular  ligament, 
lying  in  a  narrow,  oblique  groove  at  the  back  part  of  the  lower  end  of  the  radius. 
It  then  crosses  obliquely  the  tendons  of  the  Extensor  carpi  radialis  longior  and 
brevior,  being  separated  from  the  other  extensor  tendons  of  the  thumb  by  a 
triangular  interval,  in  which  the  radial  artery  is  found,  and  is  finally  inserted  into 
the  base  of  the  last  phalanx  of  the  thumb. 

Relations. — By  its  superficial  surface,  with  the  same  parts  as  the  Extensor  ossis 
metacarpi  pollicis ;  by  its  deep  surface,  with  the  ulna,  interosseous  membrane,  the 
posterior  interosseous  nerve,  radius,  the  wrist,  the  radial  vessels,  and  metacarpal 
bone  of  the  thumb. 

The  Extensor  indicis  is  a  narrow,  elongated  muscle  placed  on  the  inner  side  of, 
and  parallel  with,  the  preceding.  It  arises  from  the  posterior  surface  of  the  shaft 
of  the  ulna,  below  the  origin  of  the  Extensor  longus  pollicis  and  from  the  inter- 
osseous membrane.  Its  tendon  passes  with  the  Extensor  communis  digitorum 
through  the  same  canal  in  the  annular  ligament,  and  subsequently  joins  the  tendon 
of  the  Extensor  communis  which  belongs  to  the  index  finger,  opposite  the  lower 
end  of  the  corresponding  metacarpal  bone,  lying  to  the  ulnar  side  of  the  tendon 
from  the  common  Extensor. 

Relations. — The  relations  are  similar  to  those  of  the  preceding  muscles. 

Nerves. — The  Supinator  longus.  Extensor  carpi  radialis  longior,  and  Anconeus 
are  supplied  by  branches  from  the  musculo-spiral  nerve ;  the  remaining  muscles 
of  the  radial  and  posterior  brachial  regions,  by  the  posterior  interosseous  nerve. 

Actions. — The  muscles  of  the  radial  and  posterior  brachial  regions,  which 
comprise  all  the  extensor  and  supinator  muscles,  act  upon  the  forearm,  wrist,  and 
hand ;  they  are  the  direct  antagonists  of  the  pronator  and  flexor  muscles.  The 
Anconeus  assists  the  Triceps  in  extending  the  forearm.  The  chief  action  of  the 
Supinator  longus  is  that  of  a  flexor  of  the  elbow-joint,  but  in  addition  to  this  it 
may  act  both  as  a  supinator  or  a  pronator ;  that  is  to  say,  if  the  forearm  is  forcibly 
pronated  it  will  act  as  a  supinator,  and  bring  the  bones  into  a  position  midway 
between  supination  and  pronation ;  and,  vice  versd,  if  the  arm  is  forcibly  supinated, 
it  will  act  as  a  pronator,  and  bring  the  bones  into  the  same  position,  midw^ay 
between  supination  and  pronation.  The  action  of  the  muscle  is  therefore  to  throw 
the  forearm  and  hand  into  the  position  they  naturally  occupy  when  placed  across 
the  chest.  The  Supinator  brevis  is  a  supinator  ;  that  is  to  say,  when  the  radius 
has  been  carried  across  the  ulna  in  pronation  and  the  back  of  the  hand  is  directed 
forward,  this  muscle  carries  the  radius  back  again  to  its  normal  position  on  the 
outer  side  of  the  ulna,  and  the  palm  of  the  hand  is  again  directed  forward.  The 
Extensor  carpi  radialis  longior  extends  the  wrist  and  abducts  the  hand.  It  may 
also  assist  in  bending  the  elbow-joint;  at  all  events,  it  serves  to  fix  or  steady  this 
articulation.  The  Extensor  carpi  radialis  brevior  assists  the  Extensor  carpi  radi- 
alis longior  in  extending  the  wrist,  and  may  also  act  slightly  as  an  abductor  of  the 
hand.  The  Extensor  carpi  ulnaris  helps  to  extend  the  hand,  but  when  acting 
alone  inclines  it  toward  the  ulnar  side ;  by  its  continued  action  it  extends  the 
elbow-joint.  The  Extensor  communis  digitorum  extends  the  phalanges,  then  the 
wrist,  and  finally  the  elbow.     It  acts  principally  on  the  proximal  phalanges,  the 
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middle  and  terminal  phalanges  being  extended  mainly  by  the  Interossei  end  Lum- 
bricales.  It  has  also  a  tendenc-y  to  separate  the  fingers  as  it  extends  them.  The 
Extensor  minimi  digiti  extends  the  little  finger,  and  by  its  continued  action 
it  assists  in  extending  the  wrist.  It  is  owing  to  this  muscle  that  the  little  linger 
can  be  extended  or  pointed  whilst  the  others  are  flexed.  The  chief  action  of  the 
Extensor  ossis  metacarpi  pollicis  is  to  carry  the  thumb  outward  and  backward 
from  the  palm  of  the  hand,  and  hence  it  has  been  called  the  abductor  longus 
pollicis.  By  its  continued  action  it  helps  to  extend  and  abduct  the  wrist.  The 
Extensor  brevis  pollicis  extends  the  proximal  phalanx  of  the  thumb.  By  its 
continued  action  it  helps  to  extend  and  abduct  the  wrist.  The  Extensor  longus 
pollicis  extends  the  terminal  phalanx  of  the  thumb.  By  its  continued  action  it 
helps  to  extend  and  abduct  the  wrist.  The  Extensor  indicis  extends  the  index 
finger,  and  by  its  continued  action  assists  in  extending  the  wrist.  It  is  owing  to 
ihis  muscle  that  the  index  finger  can  be  extended  or  pointed  while  the  others  are 
flexed. 

Sorgical  A&atomy.— The  tendons  of  the  Extensor  musclea  of  the  thumb  are  liable  to 
become  strained  aii<l  their  sheaths  inflamed  after  excessive  exeruise,  producing  a  sausaf:e-shai)ed 
sHcllinB  along  the  course  of  the  tendon,  and  giving  a  peculiar  creaking  sensation  to  the  finger 
vhen  the  muscle  acts.  Id  consequence  of  its  oflen  oeing  caused  by  Ruch  movements  as  wriiignig 
clothes,  it  is  known  as  "washerwoman's  sprain."  • 

THE  HAin). 

Dtasectlon  (FJg.  301}.— Make  a  transverse  incision  across  the  front  of  the  wrist,  and  a 
second  across  the  h^s  of  the  metacarpal  bones  :  connect  the  two  by  a  vertical  incision  in  the 
middle  line,  and  continue  it  through  the  cen- 
tre of  the  middle  finger.     The  anterior  and 
poElerior  annular  ligaments  and  the  palmar 
IWia  should  then  bo  dissected. 

The  Anterior  Annnlar  Ligament  is 
s  strong,  fibrous  band  which  arches 

over  the  carpus,  converting  the  deep  ^ 

groove   on   the  front   of    the  carpal  '\ 

bones   iDto  a    canal,   beneath   which  g 

pass     the     flexor     tendons   of     the  ^ 

fingers.  It  is  attached,  internally,  to 
ibe  pisiform  bone  and  unciform  pro- 
cess of  the  unciform  bone,  and  ex- 
ternally  to    the    tuberosity    of    the  "■■  i-diq*  -  pht.m^i- 

Uaphoid  and  to  the   inner  part  of  the  FiO.su,— TnTUTeneiectionthroushlhevHet.show- 

auterior  surface  and  the  ridge  on  the  i",1h'e'ten'd™"  "^''"*'"°  ""*  '"^  """^  ""  ""  '™"«* 
irapeziam.     It  is  continuous,  above, 

«ith  the  deep  fascia  of  the  forearm,  of  which  it  may  be  regarded  as  a  thickened 
portion,  and,  below,  with  the  palmar  fascia.  It  is  crossed  hy  the  ulnar  vessels 
and  nerve  and  the  cutaneous  branches  of  the  median  and  ulnar  nerves.  At  its 
outer  extremity  is  the  tendon  of  the  Flexor  carpi  radialis,  which  lies  in  the  groove 
on  the  trapezium  between  the  attachments  of  the  annular  ligament  to  the  bone. 
h  Las  inserted  into  its  anterior  surface  the  tendon  of  the  Palmaris  longus  and 
part  of  the  tendon  of  the  Flexor  carpi  ulnaris,  and  has  arising  from  it,  below,  the 
small  muscles  of  the  thumb  and  little  finger.  Beneath  it  pass  the  tendons  of  the 
Fle.^or  subiimia  and  profundus  digitorum,  the  Flexor  longus  pollicis.  and  the 
median  nerve. 

The  SyaoTlal  Hembranes  of  the  Flexor  Teadona  at  the  Wrist. — There  are  two 
synovial  membranes  which  enclose  all  the  tendons  as  they  pass  beneath  this  lig- 
ament— one  for  the  Flexor  sublimis  and  profundus  digitorum,  the  other  for  the 
Flexor  longus  pollicis.  They  extend  up  into  the  forearm  for  about  an  inch  above 
ihe  annular  ligament,  and  downward  about  halfway  along  the  metacarpal  bone, 
where  they  terminate  in  a  blind  diverticulum  around  each  pair  of  tendons,  with 
the  exception  of  the  thumb  and  sometimes  the  little  finger — in  these  two  fingers 
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the  diverticulum  is  continued  on,  and  communicates  with  the  synovial  sheath  of  the 

tendons.     In  the  other  three  fingers  the  synovial  sheath  of  the  tendons  in  the  fingers 
begins  as  a  blind  pouch  without  communication  with  the  large  synovial  sac  (Fig-  313), 

Surgical  Anatomy.— This  arrantfement  of  the  synovial  sheaths  explains  the  fact  that  thecal 
abscess  in  the  thuniband  little  finger  is  liable  to  be  followed  by  abscesses  in  the  forearm,  from  exleii- 

sioa  of  the  inflammation 

along    the     continuous 

synovial  sheaths.     Gan- 

I  •  glion  is  apt  to  occur  in 

•  o'     this  situation,  constitu- 
jK  ;.         ting  "compound  palmar 

ganglion":   it  presenrs 

an    houT'glass    outline. 

with  a  swelling  in  t'roni 

J  of  the  wrist  and  in  ihc 

palm  of  the  hand,  and  a 
c»«n   constriction  cnrrespond- 
'*"""    inft  to  the  annular  liga- 
ment between  the  two. 
"  The  flnifi  can  be  forced 

fiom  the  one  swelling?  lo 
the  other  under  the  hga- 
'  ment. 


On  magnia*. 
Fra.  312.— Transvsne  section  Ihrough  the  caipus,  showing  (he  reUllve  pMl-  Blllar    Ligament   IS    I 


The  Posterior  An- 

carpus,  showing  (he  reUllve  pMl-  nulftF    Ligament   IS    11 

'"""*'  strong  fibrous   band 

extending  transversely  across  the  back  of  the  wrist,  and  consisting  of  the  deep 
fascia  of  the  back  of  the  forearm,  strengthened  by  the  addition  of  some  transverse 
fibres.  It  forms  a  sheath  for  the  extensor  tendons  in  their  passage  to  the  fingers, 
being  attached,  internally,  to  the  styloid 
process  of  the  ulna,  the  cuneiform  and 
pisiform  bones ;  externally,  to  the  margin 
of  the  radius;  and,  in  its  passage  across 
the  wrist,  to  the  elevated  ridges  on  the 
posterior  surface  of  the  radius.  It  pre- 
sents six  compartments  for  the  passage 
of  tendons,  each  of  which  is  lined  by  a 
separate  synovial  membrane.  Those  are, 
from  without  inward — 1.  On  the  outer 
side  of  the  styloid  proces,*,  for  the  ten- 
dons of  the  Extensor  ossis  metacarpi 
and  Extensor  brevis  pollieis  ;  2,  Behind 
the  styloid  process,  for  the  tendons  of 
the  Extensor  carpi  radialis  longior  and 
brevior;  3.  About  the  middle  of  the 
posterior  surface  of  the  radius,  for  the 
tendon  of  the  Extensor  longus  pollieis; 
4.  To  the  inner  side  of  the  latter,  for  the 
tendons  of  the  Extensor  communis  digi- 
torum  and  Extensor  indicis;  5.  Oppo- 
site the  interval  between  the  radius  and 
ulna,  for  the  Extensor  minimi  digiti : 
Fi(i.3i3.— DiatrramBhowinetheBrransemetitofthe  6.  Grooving  the  back  of  the  ulna,  for  the 

synovial  «hcMh.  Of  lT,e  palm  and  flngen,.  ,^^j^^     ^f^j^^     ExtenSOr   Carpi     ulnaris. 

The  synovia!  membranes  lining  these  sheaths  are  usually  very  extensive,  reach- 
ing from  above  the  annular  ligament,  down  upon  the  tendons  for  a  variable 
distance  on  the  back  of  the  band. 

The  deep  palmar  fascia  (Fig.  314)  forms  a  common  sheath  which  invests  the 
muscles  of  the  hand.      It  consists  of  a  central  and  two  lateral  portions. 

The  central  portion  occupies  the  middle  of  the  palm,  is  triangular  in  shape,  of 
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(freat  strength  and  thickness,  and  binds  down  the  tendons  in  this  situation.  It  is 
Darrow  above,  being  attached  to  the  lower  margin  of  the  annular  ligament,  and 
receives  the  expanded  tendon  of  the  Palmaris  longus  muscle.  Below,  it  is  broad 
and  expanded,  and  divides  into  four  slips,  for  the  four  fingera.  Each  alip  gives  off 
superficial  fibres,  which  are  inserted  into  the  skin  of  the  palm  and  finger,  those  to 
ibe  palm  joinine  the  skin  at  the  furrow  corresponding  to  the  metacarpo-phalangeal 
articulation,  and  those  to  the  fingers  passing  into  the  skin  at  the  transverse  fold 
at  the  base  of  the  lingers.  The  deeper  part  of  each  slip  subdivides  into  two  pro- 
cesses, which  are  inserted  into  the  lateral  margins  of  the  anterior  (glenoid)  liga- 
ment of  the   metacarpo-phalangeal  joint.     From  the   sides  of  these   processes 
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offsets  are  sent  backward,  to  be  attached  to  the  borders  of  the  lateral  surfaces  of 
the  metacarpal  bones  at  their  distal  extremities,  By  this  arrangement  siiort 
cbanuelB  are  formed  on  the  front  of  the  lower  ends  of  the  metacarpal  bones, 
through  which  the  flexor  tendons  pa-ss.  Dr.  W.  W.  Keen  describes  a  fifth  slip  as 
frenuently  found  passing  to  the  thumb.  The  intervals  left  in  the  fascia  between 
the  four  fibrous  slips  transmit  the  digital  vessels  and  nerves  and  the  tendons  of 
the  Lumbricales.  At  the  points  of  division  of  the  palmar  fascia  into  Ihe  slips 
above  mentioned  numerous  strong,  transverse  fibres  bind  the  separate  processes 
together.  The  palmar  fascia  is  intimately  adherent  to  the  integument  by  dense 
fibro-areolar  tissue,  forming  the  superficial  palmar  fascia,  and  gives  origin  by  its 
inner  margin  to  the  Palmaris  brevis:  it  covers  the  superficial  palmar  arch,  the 
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tendons  of  the  flexor  muscles,  and  the  branches  of  the  median  and  ulnar  nerves, 
and  on  each  side  it  gives  off  a  vertical  septum,  which  is  continuous  with  the 
interosseous  aponeurosis  and  separates  the  lateral  from  the  middle  palmar  group 
of  muscles. 

The  lateral  portions  of  the  palmar  fascia  are  thin,  fibrous  layers,  which  cover, 
on  the  radial  side,  the  muscles  of  the  ball  of  the  thumb,  and,  on  the  ulnar  side,  the 
muscles  of  the  little  finger ;  they  are  continuous  with  the  dorsal  fascia,  and  in  the 
palm  with  the  central  portion  of  the  palmar  fascia. 

The  Superficial  Transverse  Ligament  of  the  Fingers  is  a  thin,  fibrous  band 
which  stretches  across  the  roots  of  the  four  fingers,  and  is  closely  attached  to  the 
skin  of  the  clefts,  and  internally  to  the  fifth  metacarpal  bone,  forming  a  sort  of 
rudimentary  web.  Beneath  it  the  digital  vessels  and  nerves  pass  onward  to  their 
destination. 

Surreal  Anatomv. — The  palmar  fascia  is  liable  to  underjro  contraction,  pToducing  a  very 
inconvenient  deformity  known  as  *'Dupuytren's  contraction."  The  ring  and  little  finders  are 
most  frequently  implicated,  but  the  middle,  the  index,  and  the  thumb  may  be  involved.  The 
proximal  phalanx  is  drawn  down  and  cannot  be  straightened,  and  the  two  distal  phalanges 
become  similarly  flexed  as  the  disease  advances. 

The  Muscles  of  the  Hand  are  subdivided  into  three  groups :  1.  Those  of  the 
thumb,  which  occupy  the  radial  side ;  2.  Those  of  the  little  finger,  which  occupy 
the  ulnar  side ;  3.  Those  in  the  middle  of  the  palm  and  between  the  interosseous 
spaces. 

Radial  Region  (Figs.  315,  316). 

Muscles  of  the  Thumb. 

Abductor  pollicis.  Flexor  brevis  pollicis. 

Opponens  (Flexor  ossis  metacarpi)  pollicis.     Adductor  obliquus  pollicis. 

Adductor  transversus  pollicis. 

The  Abductor  pollicis  is  a  thin,  flat  muscle  placed  immediately  beneath  the 
integument.  It  arises  from  the  ridge  of  the  os  trapezium  and  annular  ligament, 
and,  passing  outward  and  downward,  is  inserted  by  a  thin,  flat  tendon  into  the 
radial  side  of  the  base  of  the  first  phalanx  of  the  thumb,  sending  a  slip  to  join  the 
tendon  of  the  Extensor  longus  pollicis. 

Relations. — By  its  superficial  surface^  with  the  palmar  fascia;  by  its  deep 
surface^  with  the  Opponens  pollicis,  from  which  it  is  separated  by  a  thin  apo- 
neurosis. Its  inner  border  is  separated  from  the  Flexor  brevis  pollicis  by  a  narrow 
cellular  interval. 

The  Opponens  pollicis  is  a  small,  triangular  muscle  placed  beneath  the 
preceding.  It  arises  from  the  palmar  surface  of  the  trapezium  and  annular 
ligament,  passes  downward  and  outward,  and  is  inserted  into  the  whole  length  of 
the  metacarpal  bone  of  the  thumb  on  its  radial  side. 

Relations. — By  its  superficial  surface^  with  the  Abductor  pollicis ;  by  its  deep 
surface^  with  the  trapezio-metacarpal  articulation ;  by  its  inner  border^  with  the 
Flexor  brevis  pollicis. 

The  Plexor  brevis  pollicis  is  much  larger  than  either  of  the  two  preceding 
muscles,  beneath  which  it  is  placed.  It  consists  of  two  portions,  outer  and  inner. 
The  outer  and  more  superficial  portion  arises  from  the  trapezium  and  outer  two- 
thirds  of  the  annular  ligament,  and  passes  along  the  outer  side  of  the  tendon  of 
the  Flexor  longus  pollicis,  and,  becoming  tendinous,  has  a  sesamoid  bone  developed 
in  its  tendon,  and  is  inserted  into  the  outer  side  of  the  base  of  the  first  phalanx  of 
the  thumb.  The  inner  and  deeper  portion  of  the  muscle  is  very  small,  and  arises 
from  the  ulnar  side  of  the  first  metacarpal  bone,  and  is  inserted  into  the  inner  side 
of  the  base  of  the  first  phalanx  with  the  Adductor  obliquus  pollicis.  A  sesamoid 
bone  is  developed  in  the  common  tendon  of  insertion. 

Relations. — By  its  superficial  surface^  with  the  palmar  fascia;  by  its  deep  snr- 
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/ate,  with  the  tendon  of  the  Flexor  carpi  radialis ;  by  its  external  surfaee,  with  the 
UppoDens  pollicis ;  by  its  internal  surface,  with  the  Adductor  obliquus  poUicis. 

The  Addactor  obllamis  pollicU  arises  by  several  slips  from  the  os  magnum,  the 
bases  of  the  second  and  third  metacarpal  bones,  the  anterior  annular  ligament,  and 
the  sheath  of  the  tendon  of  the  Flexor  carpi  radialis.  From  this  origin  the  greater 
number  of  fibres  pass  obliquely  downward  and  converge  to  a  tendon,  which, 
uniting  with  the  tendons  of  the  deeper  portion  of  the  Flexor  hrevia  pollicis  and 
the  Adductor  transversus,  is  inserted  into  the  inner  side  of  the  base  of  the  first 
phalanx  of  the  thumb,  a  sesamoid  bone  being  developed  in  the  tendon  of  insertion. 
A  considerable  fasciculus,  however,  passes  more  obliquely  outward  beneath  the 
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tendon  of  the  lone  flexor  to  join  the  superficial  portion  of  the  short  flexor  and  the 
Abductor  pollicis. 

BeUtionB. — By  its  tuperficial  surface,  with  the  Flexor  longus  pollicis  and  the 
outer  head  of  the  Flexor  hrevis  pollicis.  Its  deep  surface  covers  the  Adductor 
transversus  pollicis,  and  is  in  relation  with  the  deep  palmar  arch,  which  passes 
between  the  two  adductors. 

The  Adductor  traiUTerBUs  poUicia  (Fig.  315)  is  the  most  deeply  seated  of  this 
;;roup  of  muscles.  It  is  of  a  triangular  form,  arising,  by  its  broad  base,  from  the 
hiwer  two-thirds  of  the  metacarpal  bone  of  the  middle  finger  on  its  palmar  surface : 
ihe  fibres,  proceeding  outward,  converge,  to  be  inserted,  with  the  inner  tendon  of 
the  Flexor  brevis  pollicis,  and  the  Adductor  obliquus  pollicis,  into  the  ulnar  side  of 
the  base  of  the  first  phalanx  of  the  thumb.  From  the  common  tendon  of  insertion 
a  slip  is  prolonged  to  the  Extensor  longus  pollici.s. 

delations. — By  its  guperjicinl  surface,  with  the  Adductor  oblirjuus  pollicis. 
the  tendons  of  the  Flexor  profundus,  and  the  Liimbricalea.  Its  deep  surface 
covers  the  first  two  interosseous  spaces,  from  which  it  is  separated  by  a  strong 
aponeurosis. 

Three  of  these  muscles  of  the  Ihumb,  the  Abductor,  the  Adductor  transverau8, 
'  This  muscle  was  formerly  described  as  the  deep  portion  of  tlie  Fleior  brevis  pollicis. 
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and  the  Flexor  brevis  pollicis,  at  their  insertions  give  oflF  fibrous  expansions  which 
join  the  tendon  of  the  Extensor  longus  pollicis.  This  permits  of  flexion  of  the 
proximal  phalanx  and  extension  of  the  terminal  phalanx  at  the  same  time.  These 
expansions,  originally  figured  by  Albinus,  have  been  more  recently  described  by 
M.  Duchenne  {Physiologie  des  Mouvements^  P^g®  299). 

Nerves. — The  Abductor,  Opponens,  and  outer  head  of  the  Flexor  brevis  pollicis 
are  supplied  by  the  median  nerve ;  the  inner  head  of  the  Flexor  brevis,  and  the 
Adductors,  by  the  ulnar  nerve. 

Actions. — The  actions  of  the  muscles  of  the  thumb  are  almost  sufficientlv  indi- 
cated  by  their  names.  This  segment  of  the  hand  is  provided  with  three  extensors 
— an  extensor  of  the  metacarpal  bone,  an  extensor  of  the  first,  and  an  extensor  of 
the  second  phalanx ;  these  occupy  the  dorsal  surface  of  the  forearm  and  hand. 
There  are  also  three  flexors  on  the  palmar  surface — a  flexor  of  the  metacarpal 
bone,  a  flexor  of  the  proximal,  and  a  flexor  of  the  tenninal  phalanx ;  there  is  also 
an  Abductor  and  two  Adductors.  The  Abductor  pollicis  moves  the  metacarpal 
bone  of  the  thumb  outward ;  that  is,  away  from  the  index  finger.  The  Flexor 
ossis  metacarpi  pollicis  flexes  the  metacarpal  bone — that  is,  draws  it  inw^ard  over 
the  palm — and  at  the  same  time  rotates  the  bone,  so  as  to  turn  the  ball  of  the 
thumb  toward  the  fingers,  thus  producing  the  movement  of  opposition.  The 
Flexor  brevis  pqllicis  flexes  the  proximal  phalanx  of  the  thumb.  The  Adductores 
pollicis  move  the  metacarpal  bone  of  the  thumb  inward;  that  is,  toward  the 
index  finger.  These  muscles  give  to  the  thumb  its  extensive  range  of  motion. 
It  will  be  noticed,  however,  that  in  consequence  of  the  position  of  the  first  meta- 
carpal bone  these  movements  differ  from  the  corresponding  movements  of  the 
metacarpal  bones  of  the  other  fingers.  Thus  extension  of  the  thumb  more  nearly 
corresponds  to  the  motion  of  abduction  in  the  other  fingers,  and  flexion  to 
adduction. 

Ulnar  Region  (Fig.  316). 

Palmaris  brevis. 

MuscleB  of  the  Little  Finger. 

Abductor  minimi  digiti.  Flexor  brevis  minimi  digiti. 

Opponens  (Flexor  ossis  metacarpi)  minimi  digiti. 

The  Palmaris  brevis  is  a  thin  quadrilateral  muscle  placed  beneath  the  integu- 
ment on  the  ulnar  side  of  the  hand.  It  arises  by  tendinous  fasciculi  from  the 
annular  ligament  and  palmar  fascia ;  the  fleshy  fibres  pass  inward,  to  be  inserted 
into  the  skin  on  the  inner  border  of  the  palm  of  the  hand. 

Relations. — By  its  superficial  surface^  with  the  integument,  to  which  it  is 
intimately  adherent,  especially  by  its  inner  extremity ;  by  its  deep  surface^  with 
the  inner  portion  of  the  palmar  fascia,  which  separates  it  from  the  ulnar  vessels 
and  nerve,  and  from  the  muscles  of  the  ulnar  side  of  the  hand. 

The  Abductor  minimi  digiti  is  situated  on  the  ulnar  border  of  the  palm  of  the 
hand.  It  arises  from  the  pisiform  bone,  and  teiminates  in  a  flat  tendon  which 
divides  into  two  slips :  one  passes  under  the  lateral  expansion  of  the  extensor 
tendon,  opposite  the  metacarpo-phalangeal  articulation,  and  is  inserted  into  the 
ulnar  side  of  the  base  of  the  first  phalanx  of  the  little  finger.  The  other  slip 
passes  over  the  expansion,  and  is  inserted  into  the  ulnar  border  of  the  shaft  of  the 
same  phalanx. 

Relations. — By  its  superficial  surface^  with  the  inner  portion  of  the  palmar 
fascia,  and  the  Palmaris  brevis ;  by  its  deep  surface^  with  the  Flexor  ossis  meta- 
carpi minimi  digiti ;   by  its  outer  border^  with  the  Flexor  brevis  minimi  digiti. 

The  Flexor  brevis  minimi  digiti  lies  on  the  same  plane  as  the  preceding  muscle, 
on  its  radial  aide.  It  arises  from  the  tip  of  the  unciform  process  of  the  unciform 
bone  and  anterior  surface  of  the  annular  ligament,  and  is  inserted  into  the  base 
of  the  first  phalanx  of  the  little  finger.  It  is  separated  from  the  Abductor  at  its 
origin  by  the  deep  branches  of  the  ulnar  artery  and  nerve.  This  muscle  is  some- 
times wanting ;  the  Abductor  is  then,  usually,  of  large  size. 
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B«lationB. — By  its  superficial  surface,  with  the  internal  portion  of  the  palmar 
faMia,  and  the  Palmaria  brevis;  by  its  deep  surface,  with  the  Opponens. 

The  Opponens  T"i"i'"<  digit!  (Fig.  307)  is  of  a  triangular  form,  and  placed 
immediately  beneath  the  preceding  muscles.     It  arises  from  the  unciform  process 


Fio,  3l6.-MmPkBurih 


"f  the  unciform  bone  and  contiguous  portion  of  the  annular  ligament ;  its  fibres 
jiass  downward  and  inward,  to  be  inserted  into  tlie  whole  length  of  the  meta^ 
carpal  bone  of  the  little  finger,  along  its  ulnar  margin. 

Belations. — By  its  mperfeial  gurfair,  with  the  Fle.vor  brevis  and  Abductor 
minimi   digiti;  by   its  deep  aurfaee,   with  Ihe  Inlcrossoi  muscles  in  the  fourth 
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metacarpal  space,  the  metacarpal  bone,  and  the  Flexor  tendons  of  the  little 
finger. 

Nerves. — All  the  muscles  of  this  group  are  supplied  by  the  ulnar  nerve. 

Actions. — The  Abductor  minimi  digiti  abducts  the  little  finger  from  the  middle 
line  of  the  hand.  It  corresponds  to  a  dorsal  interosseous  muscle.  It  also  assists 
in  flexing  the  proximal  phalanx.  The  Flexor  brevis  minimi  digiti  abducts  the 
little  finger  from  the  middle  line  of  the  hand.  It  also  assists  in  flexing  the 
proximal  phalanx..  The  Opponens  minimi  digiti  draws  forward  the  fifth  meta- 
carpal bone,  so  as  to  deepen  the  hollow  of  the  palm.  The  Palmaris  brevis  corrugates 
the  skin  on  the  inner  side  of  the  palm  of  the  hand. 

BUddle  Palmar  Region. 

Lumbricales.  Interossei  palmares. 

Interossei  dorsales. 

The  Lumbricales  (Fig.  316)  are  four  small  fleshy  fasciculi,  accessories  to  the 
deep  Flexor  muscle.  They  arise  by  fleshy  fibres  from  the  tendons  of  the  deep 
Flexor :  the  first  and  second,  from  the  radial  side  and  palmar  surface  of  the  tendons 
of  the  index  and  middle  fingers ;  the  third,  from  the  contiguous  sides  of  the  ten- 
dons of  the  middle  and  ring  fingers ;  and  the  fourth,  from  the  contiguous  sides  of 
the  tendons  of  the  ring  and  little  fingers.  They  pass  to  the  radial  side  of  the 
corresponding  fingers,  and  opposite  the  metacarpo-phalangeal  articulation  each 
tendon  terminates  in  a  broad  aponeurosis  which  is  inserted  into  the  tendinous 
expansion  from  the  Extensor  communis  digitorum,  covering  the  dorsal  aspect  of 
each  finger. 

The  Interossei  muscles  are  so  named  from  occupying  the  intervals  between 
the  metacarpal  bones.  They  are  divided  into  two  sets,  a  dorsal  and  palmar ;  the 
former  are  four  in  number,  one  in  each  metacarpal  space ;  the  latter,  three  in 
number,  lie  upon  the  metacarpal  bones. 

The  Dorsal  interossei  are  four  in  number,  larger  than  the  palmar,  and  occupy 
the  intervals  between  the  metacarpal  bones.  They  are  bipenniform  muscles, 
arising  by  two  heads  from  the  adjacent  sides  of  the  metacarpal  bo^es,  but  more 
extensively  from  that  side  of  the  metacarpal  bone  which  corresponds  to  the  side 
of  the  finger  in  which  the  muscle  is  inserted.  They  are  inserted  into  the  bases 
of  the  first  phalanges  and  into  the  aponeurosis  of  the  common  extensor  tendon. 
Between  the  double  origin  of  each  of  these  muscles  is  a  narrow  triangular  interval, 
through  the  first  of  which  passes  the  radial  artery ;  through  the  other  three  passes 
a  perforating  branch  from  the  deep  palmar  arch. 

The  FirBt  dorsal  interosseous  muscle,  or  Abductor  indicts,  is  larger  than  the 
others.  It  is  flat,  triangular  in  form,  and  arises  by  two  heads,  separated  by  a 
fibrous  arch,  for  the  passage  of  the  radial  artery  from  the  dorsum  to  the  palm  of 
the  hand.  The  outer  head  arises  from  the  upper  half  of  the  ulnar  border  of  the 
first  metacarpal  bone ;  the  inner  head,  from  almost  the  entire  length  of  the  radial 
border  of  the  second  metacarpal  bone ;  the  tendon  is  inserted  into  the  radial  side 
of  the  index  finger.  The  second  and  third  dorsal  interossei  are  inserted  into  the 
middle  finger,  the  former  into  its  radial,  the  latter  into  its  ulnar  side.  The  fourth 
is  inserted  into  the  ulnar  side  of  the  ring  finger. 

The  Palmar  interossei,  three  in  number,  are  smaller  than  the  Dorsal,  and  placed 
upon  the  palmar  surface  of  the  metacarpal  bones,  rather  than  between  them. 
They  arise  from  the  entire  length  of  the  metacarpal  bone  of  one  finger,  and  are 
inserted  into  the  side  of  the  base  of  the  first  phalanx  and  aponeurotic  expansion 
of  the  common  extensor  tendon  of  the  same  finger. 

The  first  arises  from  the  ulnar  side  of  the  second  metacarpal  bone,  and  is 
inserted  into  the  same  side  of  the  index  finger.  The  second  arises  from  the  radial 
side  of  the  fourth  metacarpal  bone,  and  is  inserted  into  the  same  side  of  the  ring 
finger.  The  third  arises  from  the  radial  side  of  the  fifth  metacarpal  bone,  and  is 
inserted  into  the  same  side  of  the  little  finger.     From  this  account  it  may  be  seen 
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that  each  finger  ia  provided  with  two  Interoasei  musclea,  with  the  exception  of 
the  little  finger,  in  which  the  Abductor  muscle  takes  the  place  of  one  of  the  pair. 

HerreB. — The  two  outer  Lumbricales  are  supplied  by  the  median  nerve;  the 
rest  of  the  muscles  of  this  group,  by  the  ulnar.  All  the  Interossei  are  supplied  by 
the  ulnar.  1 1  j 

AcUonB. — The  Palmar  interossei  muscles  adduct  the  fingers  to  an  imaginary 
line  drawn  longitudinally  through  the  centre  of  the  middle  finger ;  and  the  Dorsal 
interossei  abduct  the  fingers  from  that  line.     In  addition  to  this,  the  Interossei,  in 


Pra.ltT.—TbeDonallnteroeie!  of  tell  hand,  Fic.  SIS.— The  Palmar  In  terosBel  of  left  hand, 

conjunction  with  the  Lumbricales.  flex  the  first  phalanx  at  the  metacarpo-phalangeal 
joints,  and  extend  the  second  and  third  phalanges  in  consequence  of  their  insertion 
>Dto  the  expansion  of  the  extensor  tendons.  The  Extensor  communis  digitorum  is 
believed  to  act  almost  entirely  on  the  first  phalanges, 

SURFACE  FORM  OF  THE  UPPER  EXTREMITY. 

The  Pedomli*  major  largely  influences  surface  form  and  conceals  a  considerable  part  of  the 
ibondc  wall  in  front.  Its  Btemal  origin  preaenu  a  festooned  border  which  bounds  and  deter- 
mines the  width  of  the  atemal  furrow.  Its  clavicular  origin  is  sumewhat  depressed  and  flattened, 
lod  between  the  two  portions  of  the  muscle  is  ol^n  an  oblique  depression  which  differentiate 
the  one  from  the  other.  The  outer  margin  of  the  muscle  is  generally  well  marked  above,  and 
botrnds  the  infraclavicular  fossa,  a  tnangular  interval  which  separates  the  Pectoralis  major  from 
the  Deltoid.  It  gradually  becomes  leaa  marked  as  it  approaches  the  tendon  of  insertLOD,  aod 
becomes  more  closely  blended  with  the  Deltoid  muscle.  The  lower  border  of  the  Pectoralis 
n^jor  forms  the  rounded  anterior  axillaiy  ^bld,  and  corresponds  with  the  direction  of  the  flfth 
nl  _  The  Prclaralii  minor  influences  surface  form.  When  the  arm  is  raised  its  lowest  slip  of 
utigin  produces  a  local  fulness  just  below  the  border  of  the  anterior  fold  of  the  axilla,  and  so 
ierres  to  break  the  abfurp  line  of  the  lower  border  of  the  Pectoralis  major  muscle,  which  is 
produced  when  the  arm  is  in  this  msition.  The  origin  of  the  Serralm  magimg  produces  a  very 
t^huBCteristic  surface  marking.  When  the  arm  is  raised  from  the  side  in  a  well-developed 
object,  (he  five  or  ax  lower  serrations  are  plainly  discernible,  forming  a  zigzag  line,  caused  by 
the  series  of  digitationB,  which  diminish  in  size  from  above  downward,  and  have  their  apices 
>nanged  in  the  form  of  a  curve.  When  the  ami  is  lying  by  the  side,  the  first  serration  to 
appeu',  at  the  lower  margin  of  the  Pecloraiia  ninjor,  ia  the  one  attached  to  the  fitlh  rib.  The 
wrffoi'rf,  with  the  prominence  of  the  upper  extremity  of  the  humerus,  produces  the  rounded 
oniline  of  the  shoulder.  It  is  rounder  and  fiiller  in  front  than  behind,  where  it  presents  a 
wiDewhat  flattened  form.  Its  anterior  border,  above,  presents  a  rounded,  slightly  curved 
eioineiKe.  which  bounds  externally  the  inlraclavicutar  Ibssa ;  below,  it  is  closely  united  with  the 
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Pectoralis  major.     Its  posterior  border  is  thin,  flattened,  and  scarcely  marked  above  ;  below,  it 
is  thicker  and  more  prominent.     When  the  muscle  is  in  action,  the  middle  {portion  becomes 
irregular,  presenting  alternate  longitudinal  elevatiops  and  depressions,  the  elevations  correspond- 
ing to  the  fleshy  portions,  the  depressions  to  the  tendinous  intersections  of  the  muscle.    The 
insertion  of  the  Deltoid  is  marked  by  a  depression  on  the  outer  side  of  the  middle  of  the  ami. 
Of  the  scanular  muscles,  the  only  one  which  materially  influences  surface  form  is  the  Teres 
major ^  whicn  assists  the  Latissimus  dorsi  in  forming  the  thick,  rounded  fold  of  the  posterior 
boundary  of  the  axilla.     When  the  arm  is  raised,  the  Coraco-brachialis  reveals  itself  as  a  long, 
narrow  elevation  which  emerges  from  under  cover  of  the  anterior  fold  of  the  axilla  and  runs 
downward^  internal  to  the  shaft  of  the  humerus.     When  the  arm  is  hanging  by  the  side,  its 
front  and  mner  part  presents  the  prominence  of  the  Biceps,  bounded  on  either  side  by  an  inter- 
muscular depression.     This  muscle  determines  the  contour  of  the  front  of  the  arm,  and  extencb 
from  the  anterior  margin  of  the  axilla  to  the  bend  of  the  elbow.     Its  upper  tendons  are  con- 
cealed by  the  Pectoralis  major  and  the  Deltoid,  and  its  lower  tendon  sinks  mto  the  space  at  the 
bend  of  the  elbow.     When  the  muscle  is  in  a  state  of  complete  contraction — ^that  is  to  say, 
when  the  forearm  has  been  flexed  and  supinated — it  presents  a  rounded  convex  form,  bulged 
out  laterally,  and  its  length  is  diminished.     On  each  side  of  the  Biceps,  at  the  lower  part  of 
the  arm,  t\iQ  BrachidUs  anticus  is  discernible.     On  the  outer  side  it  forms  a  narrow  eminence 
which  extends  some  distance  up  the  arm  along  the  border  of  the  Biceps.     On  the  inner  side  it 
shows  itself  only  as  a  little  fulness  just  above  the  elbow.     On  the  back  of  the  arm  the  long  head 
of  the  Triceps  may  be  seen  as  a  longitudinal  eminence  emerging  from  under  cover  of  the  Deltoid, 
and  gradually  merging  into  the  longitudinal  flattened  plane  of  the  muscle  on  the  lower  part  of 
the  back  of  the  arm.     On  the  anterior  aspect  of  the  elbow  are  to  be  seen  two  muscular  eleva- 
tions, one  on  each  side,  separated  above  and  converging  below  so  as  to  form  a  triangular  space. 
Of  these,  the  inner  elevation,  consisting  of  the  flexors  and  pronator,  forms  the  prominence 
along  the  inner  side  and  front  of  the  forearm.     It  is  a  fusiform  mass,  pointed  above  at  the 
internal  condyle  and  gradually  tapering  oif  below.     The  Pronator  radii  teres^  the  innermost 
muscle  of  the  group,  forms  the  boundary  of  the  triangular  space  at  the  bend  of  the  elbow.     It 
is  shorter,  less  prominent,  and  more  oblique  than  the  outer  boundary.     The  most  prominent 
part  of  the  eminence  is  produced  by  the  Flexor  carpi  radiaJis^  the  muscle  next  in  order  on  the 
mner  side  of  the  preceding  one.     It  forms  a  rounded  prommence  above,  and  can  be  traced 
downward  to  its  tendon,  which  can  be  felt  lying  on  the  front  of  the  wrist,  nearer  to  the  radial 
than  to  the  ulnar  border,  and  to  the  inner  side  of  the  radial  artery.     The  Palnuiris  longns 
presents  no  surface  marking  above,  but  below  is  the  most  prominent  tendon  on  the  front  of  the 
wrist,  standing  out,  when  the  muscle  is  in  action,  as  a  sharp,  tense  cord  beneath  the  skin.     The 
Flexor  sMimis  digitorum  does  not  directly  influence  surface  form.     Tlie  position  of  its  four 
tendons  on  the  front  of  the  lower  part  of  the  forearm  is  indicated  by  an  elongated  depression 
between  the  tendons  of  the  Palmaris  longus  and  the  Flexor  carpi  ulnaris.     The  Flexor  carju 
tilnaris  occupies  a  small  part  of  the  posterior  surface  of  the  forearm,  and  is  separated  from  the 
extensor  ana  supinator  group,  whicn  occupies  the  greater  part  of  this  surface,  by  the  ulnar 
furrow,  produced  by  the  subcutaneous  posterior  border  of  the  ulna.     Its  tendon  can  be  perceive<i 
along  the  ulnar  border  of  the  front  of  the  forearm,  and  is  most  marked  when  the  hand  is  flexed 
and  adducted.     The  deep  muscles  of  the  front  of  the  forearm  have  no  direct  influence  on  surface 
form.     The  external  group  of  muscles  of  the  forearm,  consisting  of  the  extensors  and  supi- 
nators, occupy  the  outer  and  a  considerable  portion  of  the  posterior  surface  of  this  region.    They 
form  a  fusiform  mass,  which  is  altogether  on  a  higher  level  than  the  pronato-flexor  group.     Its 
apex  emerges  from  between  the  Triceps  and  Brachialis  anticus  muscles  some  distance  above  the 
elbow-joint,  and  acquires  its  greatest  breadth  opposite  the  external  condyle,  and  thence  gradually 
shades  oif  into  a  flattened  surface.     About  the  middle  of  the  forearm  it  divides  into  two  longi- 
tudinal eminences  which  diverge  from  each  other,  leaving  a  triangular  interval  between  them. 
The  outer  of  these  two  groups  of  muscles  consists  of  the  Supinator  longus  and  the  Extensor 
carpi  radialis  longior  et  brevior,  which  form  a  longitudinal  eminence  descending  from  the  exter- 
nal condyloid  ridge  in  the  direction  of  the  styloid  process  of  the  radius.     The  other  and  more 
posterior  group  consists  of  the  Extensor  communis  digitorum,  the  Extensor  minimi  digiti.  and 
the  Extensor  carpi  ulnaris.     It  commences  above  as  a  tapering  form  at  the  external  condyle  of 
the  humerus,  ana  is  separated  behind  at  its  upper  part  from  the  Anconeus  by  a  well-marked 
furrow,  and  below,  from  the  pronato-flexor  mass,  by  the  ulnar  furrow.     In  the  triangular  inter- 
val left  between  these  two  groups  the  extensors  of  the  thumb  and  index  finger  are  seen.     The 
only  two  muscles  of  this  region  which  reauire  special  mention  as  independently  influencing 
surface  form  are  the  Supinator  longus  and  the  Anconeus.     The  inner  border  of  the  Supitiattir 
longm  forms  the  outer  boundary  of  the  triangular  space  at  the  bend  of  the  elbow.     It  com- 
mences as  a  rounded  border  above  the  condyle,  and  is  longer,  less  oblique,  and  more  prominent 
than  the  inner  boundary.     Lower  down,  the  mus(*le  forms  a  full  fleshy  mass  on  the  outer  side  of 
the  upper  part  of  the  forearm,  and  below  tapers  into  a  tendon,  which  may  be  traced  down  to 
the  styloid  process  of  the  radius.     The  Anc/mens  presents  a  well-marked  and  characteristic 
surfiice  form  in  the  shaf>e  of  a  trianjrular,  sliirhtly  elevated  surface,  immediately  external  to  the 
subcutaneous  posterior  surface  of  the  olecranon,  and  differetitiated  from  the  common  extensor 
group  by  a  well-marked  oblique  longitudinal  depression.     The  upper  angle  of  the  trianele  corre- 
sponds to  the  external  condyle,  and  is  marked  by  a  depression  or  dimple  in  this  situation.     In 
the  trianfrular  interval  caused  by  the  divTrgcti  (^  from  each  other  of  the  two  groups  of  muscles 
into  which  the  extensor  and  supinator  group  is  divided  at  the  lower  part  of  the  forearm  an 
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obliqae  elongated  eminence  is  seen,  caused  by  the  emergence  of  two  of  the  extensors  of  the 
thumb  from  their  deep  origin  at  the  back  of  the  forearm.  This  eminence,  full  above  and  be- 
diming flattened  out  and  partially  subdivided  below,  runs  downward  and  outward  over  the  back 
and  outer  surface  of  the  radius  to  the  outer  side  of  the  wrist-joint,  where  it  forms  a  ridge, 
especially  marked  when  the  thumb  is  extended,  which  passes  onward  to  the  posterior  aspect  of 
the  thumb.  The  tendons  of  most  of  the  extensor  muscles  are  to  be  seen  and  felt  at  the  level 
of  the  wrist-joint.  Most  externally  are  the  tendons  of  the  Extensor  ossis  metacarp)i  pollicis  and 
the  Extensor  brevis  pollicis,  forming  a  vertical  ridge  over  the  outer  side  of  the  joint  from  the 
styloid  process  of  the  radius  to  the  thumb.  Internal  to  this  is  the  oblique  rid/Bfe  produced  by 
the  tendon  of  the  Extensor  longus  pollicis,  very  noticeable  when  the  muscle  is  in  action.  The 
Extensor  carpi  radialis  longior  is  scarcely  to  be  felt,  but  the  Extensor  carpi  radialis  brevior  can 
be  disdnctly  perceived  as  a  vertical  ridge  emerging  from  under  the  inner  border  of  the  tendon 
of  the  Extensor  longus  pollicis,  when  the  hand  is  forcibly  extended  at  the  wrist.  Internal  to 
this,  again,  can  be  lelt  tlie  tendons  of  the  Extensor  indicis,  Extensor  communis  digitorum,  and 
Extensor  minimi  digiti ;  the  latter  tendon  being  separated  from  those  of  the  common  extensor 
by  a  slight  furrow.  The  muscles  of  the  hand  are  principally  concerned,  as  far  as  regards  sur- 
iace-form,  in  producing  the  thenar  and  hvpothenar  eminences,  and  individually  are  not  to  be 
distinguished,  on  the  surface,  from  each  other.  The  Adductor  transvenms  pollicis  is,  however, 
an  exception  to  this ;  its  anterior  border  gives  rise  to  a  ridge  across  the  web  of  skin  connecting 
the  thumb  to  the  rest  of  the  hand.  The  thenar  eminence  is  much  larger  and  rounder  than  the 
hvpothenar  one,  which  presents  a  longer  and  narrower  eminence  along  tlie  ulnar  side  of  the 
hand.  When  the  Palmares  brevis  is  in  action  it  produces  a  wrinkling  of  the  skin  over  the  hypo- 
thenar  eminence,  and  a  deep  dimple  on  the  ulnar  border  of  the  hana.  The  anterior  extremities 
of  the  Lttmbrical  muscles  help  to  produce  the  soft  eminences  just  behind  the  clefts  of  the  fingers, 
separated  from  each  other  by  depressions  corresponding  to  the  flexor  tendons  in  their  sheaths. 
Between  the  thenar  and  hypothenar  eminences,  at  the  wrist-joint,  is  a  slight  groove  or  depression, 
widening  out  as  it  approaches  the  fingers ;  beneath  this  we  have  the  strong  central  part  of  the 
Iialmar  fascia.  Here  we  have  some  iurrows,  which  are  pretty  constant  in  their  arrangement, 
and  bear  some  resemblance  to  the  letter  M.  One  of  these  furrows  passes  obliquely  outward 
from  the  groove  between  the  thenar  and  hypothenar  re/jions  to  the  heaa  of  the  metacarpal  bone 
of  the  index  finger.  A  second  passes  inward,  with  a  slight  inclination  upward,  from  the  termi- 
nation of  the  first  to  the  ulnar  side  of  the  hand.  A  third  runs  parallel  with  the  second  and 
about  three-quarters  of  an  inch  below  rt.  Lastly,  crossing  these  two  latter  furrows,  is  an  oblique 
furrow  parallel  with  the  first.  The  skin  of  the  palm  of  the  hand  differs  considerably  from  that 
of  the  tcjrearm.  At  the  wrist  it  suddenly  becomes  hard  and  dense,  and  covered  with  a  thick 
layer  of  cuticle.  The  skin  in  the  thenar  region  presents  these  characteristics  less  than  elsewhere. 
In  spite  of  this  hardness  and  density,  the  skin  of  the  palm  is  exceedingly  sensitive  and  very 
vascular.  It  is  destitute  of  hair,  and  no  sebaceous  follicles  have  been  found  in  this  region. 
Over  the  fingers  the  skin  again  becomes  thinner,  especially  at  the  flexures  of  the  joints,  and 
over  the  terminal  phalanges  it  is  thrown  into  numerous  parallel  ridges  in  conseouence  of  the 
arrangement  of  the  papillae  in  it  The  superficial  fascia  in  the  palm  is  made  up  oi  dense  fibro- 
fatty  tissue.  This  tissue  binds  down  the  skin  so  firmly  to  the  deep  palmar  fascia  that  ver>'  little 
movement  is  permitted  between  the  two.  On  the  back  of  the  hand  the  Dorsal  interossei  pro- 
duce elongated  swellings  between  the  metacarpal  bones.  The  first  dorsal  interosseous  ( Abductor 
indicis),  when  the  thumb  is  closely  adducted  to  the  hand,  forms  a  prominent  fusiform  bulging ; 
the  other  interossei  are  not  so  marked. 

SURGICAL  ANATOMY  OF  THE  UPPER  EXTREMITY. 

The  student,  having  completed  the  dissection  of  the  muscles  of  the  upper  extremity,  should 
consider  the  effects  likely  to  be  produced  by  the  action  of  the  various  muscles  in  fracture  of  the 
bonesw 

In  considering  the  actions  of  the  various  muscles  upon  fractures  of  the  upper  extremity,  I 
have  selected  the  most  common  forms  of  injury,  both  for  illustration  and  dcvscription. 

Fracture  of  the  middle  of  the  clavicle  l^'x^.  319)  is  always  attended  with  considerable  dis- 
placement: the  inner  end  of  the  outer  fragment  is  displaced  inward  and  backward,  while  the 
outer  end  of  the  same  fragment  is  rotated  forward,  owmg  to  the  displacement  backward  of  its 
inner  end.     The  whole  outer  fragment  is  somewhat  depressed. 

The  displacement  is  produced  as  follows:  iuioard,  by  the  muscles  passing  from  the  chest  to 
the  outer  fragment  of  the  clavicle,  to  the  scapula,  and  to  the  humerus — viz.  the  Subolavius.  the 
Pectoralis  minor  and  major,  and  the  Ijatissimus  dorsi ;  backward^  with  conseouent  rotation  of 
the  outer  end  of  the  outer  fragment  forward  by  the  Pectoral  muscles.  The  uepression  of  the 
whole  outer  fragment  is  produced  by  the  weight  of  the  arm  and  by  the  contraction  of  the  Deltoid. 
The  outer  end  of  the  inner  fragment  appears  to  be  elevated,  the  skin  being  drawn  tensely  over 
it ;  this  is  owing  to  the  depression  of  the  outer  fragment,  as  the  inner  fragment  is  usually  kept 
fixed  by  the  costo-clavicular  ligament  and  by  the  antagonism  between  the  Stemo-niastoid  and 
Pectoralis  major  muscles.  But  it  may  be  raised  by  an  unusually  strong  Sterno-mastoid,  or  by 
the  inner  end  of  the  outer  fragment  getting  below  and  behind  it^.  The  causes  of  displacement 
having  been  ascertained,  it  is  easy  to  apply  the  appropriate  treatment  The  outer  fragment  is 
to  be  drawn  outward,  and,  together  with  the  scapula,  raised  upward  to  a  level  with  the  inner 
fragment,  and  retained  in  that  position. 
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In  fracture  of  the  acromial  aid  of  the  davide,  between  the  conoid  and  trapezoid  ligaments, 
only  alight  displacement  occurs,  a§  these  ligamente,  from  their  oblique  insertion,  Bcrve  to  hold 
both  portions  of  the  bone  in  appoation.  Freeture,  also, 
of  the  eternal  end,  iDtemal  to  the  coMo-clavicular  lica- 
ment,  is  attended  with  only  slight  displacement,  this 
ligament  serving  to  retain  the  fr^tneats  in  close  appo- 
sition. 

Fracture  of  the  acromion  procaa  usually  arises  from 
violenc*  applied  to  the  upper  and  outer  part  of  the 
shoulder;  it  is  generally  known  by  the  rolumlity  of  the 
shoulder  being  lost,  from  the  Deltoid  drawing  the  Itiio~ 
tured  portion  downward  and  forward ;  and  the  displace- 
ment may  easily  be  discovered  by  tracing  the  margin  of 
the  clavicle  outward,  when  the  fragment  will  be  found 
resting  on  the  front  and  upper  part  of  the  head  of  the 
humerus.  In  order  to  relax  the  anterior  and  outer 
fibres  of  the  Deltoid  (the  opposing  muscle),  the  arm 
should  be  drawn  forward  across  the  chest  and  the  elbow 
well  raised,  so  that  the  head  of  the  bone  may  preos  the 
acromion  process  upward  and  retmn  it  in  its  position. 

Fracture  of  the  ci'ocoidjjroceM  is  an  extremely  rare 

accident,  and  is  usually  caused  by  a  sharp  blow  on  the 

point  of  the  shoulder.     Displacement  is  here  produced 

by  the  combined  actions  of  the  Pectoralis  minor,  short 

head  of  the  Biceps,  and  Coraco-brachialis,  the  former 

muscle  drawing  tne  fragment  inward,  and  the   latter 

directly  downward,  the  amount  of  displacement  being 

limitea  by  the  connection  of  this  process  to  the  acromion 

^     „.„    ^  ,  ,.       ,^,,     ,  ,.      by  means  of  the  ooraoo-acromial  ligament.     In  order  to 

cUvTde.     ■  middle  of  the    ^,^  ^^^  ^„^j^  ^„j  replace  tie  fragments  in  close 

apposition,  the  forearm  should  be  flexed  so  as  to  relas 

the  Biceps,  and  the  arm  drawn  forward  and  insrard  across  the  chest,  so  as  to  relax  the  Coraco- 

brachialis;  the  humerus  should  then  be  pushed  upward  against  the  coraco- acromial  ligament, 

and  the  arm  retained  in  that  position. 

Fracture  of  the  ttirgieal  neck  of  the.  kumenu  (Fig.  320)  is  very  common,  is  attended  with 
considerable  displacement,  and  its  appearances  correspond  somewhat  with  those  of  dislocation 
of  the  head  of  the  humerus  into  the  axilla.     The  upper  fragment  is  slightly  elevated  under  the 
coraco-Bcromial  ligament  by  the  muscles  attached  to  the  piialer  and  lesser  tuberosities;  the 
lower  fragment  is  drawn  inward  hy  the  Pectoralis  major,  Latissimus  dorsi,  and  Teres  m^or ;  and 
the  humerus  is  thrown  obliquely  outward  from  the  side  by  the  Deltoid,  and  occasionally  elevated 
BO  as  to  project  beneath  and  in  front  of  the  eoracoid  process.     The  deformity  is  reduced  by 
fixing  the  shoulder  and  drawing  the  arm  outward  and  down- 
ward!    To  counteract  the  opposing  muscles,  and  to  keep  the 
fragments  in  position,  the  arm  should  be  drawn  from  the  side 
and  pasteboard  splints  applied  on  its  four  sides ;  a  large  conical- 
shaijcd  pad  should  be  placed  in  the  axilla,  with  the  base  turned 
upward  and  the  elbow  approximated  to  the  side,  and  retained 
there  by  a  broad  roller  passed  round  the  chest;  the  forearm 
should  then  be  flened,  and  the  hand  supported  in  a  sling,  care 
being  taken  not  to  raise  the  elbow,  otherwise  the  lower  frag- 
ment may  be  displaced  upward. 

In  fracture  of  the  gbafi  of  the  htimente  below  ihe  in8*.-r- 
tiou  of  the  Pectoralis  major,  Latissimus  dorsi,  and  Teres  major, 
and  above  the  insertion  of  the  Deltoid,  there  is  also  consider- 
able deformity,  the  upper  fragment  being  drawn  inward  by  the 
first-mentioned  muscles,  and  the  lower  ira(Ement  upward  ami 
outward  by  the  Deltoid,  producing  shortening  of  the  linib  and 
a  considerable  prominence  at  the  seat  of  firacture,  from  the 
fractured  ends  of  the  bone  riding  over  one  another,  especially 
if  the  fracture  takes  place  in  an  oblique  direction.  The  frag- 
menls  may  be  brought  into  apposition  by  extension  from  the 
-  ,^  „  .  ,  u  _,  .  elhow,  and  retained  in  that  praition  by  adopting  the  same 
,,„"t .S h'S." "'■'■•"'■'"'  me.m  a.  in  tbe  preceding  bjuST 

In  fractures  of  the  it/myii>/(AeAum''nw  immediately  below 
the  insertion  of  the  Deltoid,  the  amount  of  deformity  depends  greatly  upon  the  direction  of  the 
fracture.  If  it  occurs  in  a  transverse  direction,  only  slight  displacement  takes  place,  the  upper 
fragment  being  drawn  a  little  forward  ;  but  in  oblique  fi^cture  the  combined  actions  of  the 
Biceps  and  Brachialis  anticus  muscles  in  front  and  the  Triceps  behind  draw  upward  the 
lower  fVagment-,  causing  it  to  glide  over  the  ii[)per  fragment,  either  backward  or  forward. 
Bcconline  to  the  direction  of  the  fracture.  Simple  extension  reduces  the  deformity,  and 
the  application  of  splints  on  the  four  sides  of  the  arm  will  retain  the  fragments  in  apposition. 
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Care  should  be  taken  not  to  raise  the  elbow,  but  the  foresrtD  and  hand  may  be  supported 

Fracture  of  the  humeniK  (Fig.  321)  immediately  above  the  condyles  deserves  veiy  attentive 
consideration,  as  the  general  appearances  correspond  somewhat  with  those  produced  by  sep- 
aration of  the  epiphysis  of  the  humerus,  and  with  those 
of  dislocation  of  ihe  radius  and  ulna  backward.  If  the 
direction  of  the  fracture  is  oblique  from  above,  downwaiil 
and  forward,  the  lower  fragment  is  drawn  upward  and 
backward  by  the  Brachiulis  anticuB  and  Biceps  in  front  and 
ihe  'JVcepa  behind.  This  ii;jury  may  be  diagnosed  from  dis- 
IwaUion  by  the  increased  mobility  in  Iractare,  the  existence 
of  crepitus,  and  the  fact  of  the  deformity  being  remedied  by 
extension,  on  the  discontinuance  of  which  it  is  reproduced. 
The  age  of  the  patient  is  of  importance  in  distinguishing  this 
form  of  iiijury  from  separation  of  the  epiphysis.  If  frac- 
ture occurs  in  the  opposite  direction  to  that  shown  in  the 
accompanying  figure,  the  lower  fragment  is  drawn  upward 
and  forward,  causing  a  considerable  prominence  in  front,  and 
the  upper  fragment  projects  backward  beneath  the  tendon 
of  the  Triceps  muscle. 

Fracture  of  the  olecranon  procat  [Fig.  322)  is  a  freoueat 
accident.  The  detached  fragment  ia  displaced  upward,  by 
the  action  of  the  Triceps  muscle,  from  half  an  inch  to  two 
inehes;  the  prominence  of  the  elbow  is  consequently  lost, 
anil  a  deep  nollow  is  felt  at  the  back  part  of  the  joint, 
which  is  much  increased  on  flexing  the  hmb.  The  patient 
at  the  same  time  loses,  more  or  less,  the  power  of  extending 

the  forearm.     The  treatment  consists  m  relaxing  the  Triceps  ^„_  sa,.-Fr*^re  of  the  homenu 

by  extending  the  limb,  and  retaining  it  in  the  extended  post-    sbove  the  conijyies. 
lion  by  means  of  a  long  straight  splint  applied  to  the  front 

of  the  arm  ;  the  fragments  are  thus  brought  into  close  apposition,  and  may  be  further  approxi- 
mated by  drawing  down  the  upper  fragment.      Union  is  generally  ligamentous. 

Ftacture  of  the  nrdc  of  the  radiim  is  an  exceedingly  rare  accident,  and  is  generally  caused 
br  direct  violence.  Its  diagnosis  is  somewhat  obscure,  on  account  of  the  slight  deformity  visible, 
the  iiyured  part  being  surrounded  by  a  large  number  of  muscles ;  but  the  movements  of  prona- 
tion and  supination  are  entirely  lost.  The  ufjper  fragment  is  drawn  outward  by  the  Supinator 
brevis.  its  extent  of  displacement  being  limited  by  the  attachment  of  the  orbicular  ligament. 
The  kiwer  fragment  is  drawn  forward  ana  sliehtly 
apvard  by  the  Biceps,  and  inward  by  the  Pro- 
nator railii  teres,  its  displacement  forward  and 
upward  being  counteracted  in  some  degree  by 
the  Supinator  brevis.  The  treatment  essentially 
consists  in  relaxing  the  Biceps,  Supinator  brevis, 
and  Pronator  radu  teres  muscles  Dy  flexing  the 
forearm,  and  placing  it  in  a  position  midway 
between  pronation  and  supination,  extension 
having  been  previously  made  so  as  to  bring  the 
parts  m  apposition. 

In  fracture  of  the  radiwi  (Fig.  323)  near 
iia  centre,  the  upper  fragment  is  drawn  upward 
by  the  Biceps  ana  inwanl  by  the  Pronator  radii 
teres,  holding  a  position  midway  between  pro- 
nation and  .uuninalinn,  and  a  degree  of  fulness 
in  the  upper  half  of  the  forearm  is  thus  pro- 
duced :  the  lower  fragment  is  drawn  downward 
and  inward  toward  the  ulna  by  the  Pronator 
<|aadratus,  and  thrown  into  a  stale  of  pronation 
by  the  same  muscle :  at  the  same  time,  the  Su- 
pinator longus,  by  elevating  the  styloid  process,  into  wbich  it  is  inserted,  will  serve  to  depress 
the  upper  end  of  the  lower  fragment  still  more  toward  the  ulna.  In  order  to  relax  the  opposing 
muacfes  the  forearm  should  be  bent,  and  the  limb  placed  in  a  position  midway  between  prona- 
tion and  supination ;  the  fracture  is  then  easily  reduced  by  extension  from  tlie  wrist  and  elbow : 
T«ll-padded  splints  should  be  applied  on  both  sides  of  the  forearm  from  the  elbow  to  the  wrist ; 
the  hand  being  allowed  to  fall,  will,  by  its  own  weight,  counteract  the  action  of  the  Pronator 
quadratus  and  Supinator  longus,  and  elevate  the  lower  fragment  to  the  level  of  the  upper  one. 

In  fracture  of  the  thaft  i^thf  ulna  the  upper  fragment  retains  its  usual  position,  but  the  lower 
fragment  is  drawn  outwaro  toward  the  radius  ny  the  Pronator  quadratus,  producing  n  well-marked 
liepression  at  the  seat  of  fracture  and  some  fulness  on  the  dorsal  and  palmar  'surfaces  of  the 
forearm.  The  fracture  is  easily  reduced  by  extension  from  the  wrist  and  forcann.  The  fore- 
arm should  be  flexed,  and  placed  in  a  position  midway  between  pronation  and  supination,  and 
wll-pailded  splints  applied  from  the  elbow  to  the  ends  of  the  fingers. 
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In  fracture  of  the  acmmud  fnd  of  the.  datide,  between  the  conoid  and  trapezoid  ligwneni?. 
only  idif^ht  diitplacement  occoni,  ae  these  lifiaments,  from  their  obliijue  insertion,  terse  to  h<'ld 
both  portions  of  the  bone  in  appoeition.  Fracture,  al^o. 
of  the  tterjial  end,  internal  to  the  costo-cUvicuiar  Wea- 
ment,  is  attended  with  only  slight  difipUcetnent.  ihif 
ligament  serving  to  retain  the  fragments  in  chise  appo- 
sition. 

Fracture  of  the  acromiim  procea  nsnall.v  arises  from 
violence  applied  to  the  upper  and  outer  part  of  the 
shoulder;  it  is  Renerally  known  by  the  rotundity  of  the 
shoulder  being  lost,  from  the  Deltoid  drawing  the  fiae- 
tured  portion  downward  and  forward  ;  and  the  disjilace- 
ment  may  easily  be  discovered  by  tracing  the  mar^n  of 
the  clavicle  outward,  when  the  frapnent  will  be  found 
resting  on  the  front  and  upper  part  of  the  head  of  the 
humerus.  In  order  to  relax  the  anterior  and  outer 
fibres  of  the  Deltoid  (ihe  opposing  muscle),  the  arm 
should  be  drawn  forward  across  the  chest  and  the  elbow 
well  raised,  so  that  the  head  of  the  bone  may  pres  the 
acromion  process  upward  and  retun  it  in  itj<  position. 

Fracture  of  the  wracoirfprocow  is  an  extremely  rare 
accident,  and  is  usually  caused  by  a  sharp  blow  on  the 
point  of  the  shoulder.  Displacement  is  here  prodiieed 
by  the  combined  actions  of  the  Pectoralia  minor,  short 
head  of  the  Biceps,  and  Coraco-brachialis,  the  former 
muscle  drawing  the  fragment  inward,  and  the  latter 
directiv  downward,  the  amount  of  displacement  being 
limited  by  the  connection  of  this  process  to  the  acromion 
p  ,,„  _  .  ,  ,  ,,,,  , .,.  by  means  of  the  coraco-aoromial  ligamenL  Ic  order  to 
Fio.  3l».—rrHcture  of  the  middle  of  the      'i„_  ,i.„„     „      i  j„i™.Ec_„.-i 

cliivicle.  relax  these  muscles  and  replace  the  tragments  in  close 

apposition,  the  forearm  should  be  flexeu  so  as  to  relax 
the  Biceps,  and  the  arm  drawn  forward  and  inward  across  the  chest,  so  as  to  relax  the  Coraco- 
brachialis;  the  humerus  should  then  be  pushed  upward  against  the  coraco-acromial  ligament, 
and  the  arm  retained  in  that  position. 

Fracture  of  the  surgical  iteck  of  tlic  kumena  (Fig.  320)  is  very  common,  is  attended  vriih 

considerable  displacement,  and  its  appearances  correspond  somewhat  with  those  of  dislocation 

of  the  head  of  the  humerus  into  the  axilla.     The  upper  fi«gment  is  slightly  elevated  under  ihe 

coraco-acromial  ligament  by  the  muscles  attached  \o  the  ^ater  and  lesser  tuberosities;  the 

lower  fragment  is  drawn  inward  by  the  Pectoralis  major,  Latissimus  dorsi,  and  Teres  miyor ;  and 

the  humcnia  is  thrown  obliquely  outward  from  the  side  by  the  Deltoid,  and  occasionally  elevated 

BO  as  to  project  beneath  and  in  front  of  the  coracoid  process.     The  deformity  is  induced  by 

fixing  the  shoulder  and  drawing  the  arm  outward  and  down- 

wardT    To  counteract  the  opposing  muscles,  and  to  keep  the 

fragments  in  position,  the  arm  should  be  drawn  from  the  side 

and  pasteboard  splints  applied  on  its  four  sides ;  a  large  conical- 

shaiMMi  pad  should  be  placed  in  the  axilla,  with  the  base  turned 

upward  and  the  elbow  approximated  lo  the  side,  and  retained 

there  by  a  broad  roller  passed  round  the  chest ;  the  forearm 

should  then  be  flexed,  and  the  hand  supported  in  a  sling,  care 

being  taken  not  to  raise  the  elbow,  otherwise  the  lower  frac- 

meni  may  be  displaced  upward. 

In  fracture  of  the  diafl  of  the  himena  below  ihe  inser- 
tion of  the  Peclornlis  m^or,  Latissimus  dorei,  and  Teres  ma.ior. 
and  above  the  insertion  of  the  Deltoid,  there  is  also  consider- 
able deformity,  the  upper  fragment  being  drawn  inward  by  the 
first- mentioned  muscles,  and  the  lower  frajrment  upward  ami 
outward  by  the  Deltoid,  producing  shortening  of  the  linib  and 
ft  considerable  prominence  at  the  seat  of  fracture,  from  the 
fractured  ends  of  the  bone  riding  over  one  another,  especially 
if  the  fracture  takes  place  in  an  oblique  direction.  The  frse- 
menis  may  he  brought  into  apposition  by  extension  from  the 
"[)  tJi— Pnipiurcof tlf  leal  ''"'*'"'•  ""•^  rel*ined  in  that  position  by  adopting  the  same 
in'i'li  of  ('litf'liumenii. "         ''  ""*        means  ns  in  the  preceding  injuiy. 

In  fractures  of  the  skuftofthe  hunifrtis  immediately  below 
the  insertiim  of  the  Deltoid,  the  amount  of  deformity  depends  greatly  upon  the  direction  of  the 
fracture.  If  it  occum  in  a  Iransverte  direction,  only  slight  displacement  takes  place,  the  upper 
fragment  l>einir  drawn  a  little  forwani :  but  in  oblique  fracture  the  combined  actions  of  the 
Biit'ps  and  Brechialis  ancicus  muscles  in  front  and  the  Trice^Kt  behind  draw  upwanl  the 
hiwiT  fnigmcnt.  causing  it  to  gUde  over  the  upiier  ftaement.  either  backward  or  forward, 
ai-conlinir  Ii>  the  direi'iion  of  the  fracture,  simple  extension  reduces  the  deformity-  and 
the  iippllcation  of  splints  on  the  four  sides  of  the  arm  will  retain  the  fragments  in  appoeition. 
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Gemellus  superior. 
Obturator  internus. 
Gemellus  inferior. 
Obturator  externus. 
Quadratus  femoris. 

Posterior  Femoral  Region. 

Biceps. 

Semitendinosus. 

Semimembranosus. 

Leg. 

Anterior  Tibio-fihular  Region 

Tibialis  anticus. 
Extensor  longus  digitorum. 
Extensor  proprius  hallucis. 
Peroneus  tertius. 

Posterior  Tibio-fibular  Region. 

Superficial  Layer. 

Gastrocnemius. 

Plantaris. 

Soleus. 

Deep  I*ayer. 

Popliteus. 

Flexor  longus  hallucis. 
Flexor  longus  digitorum. 
Tibialis  posticus. 


Fibular  Region. 

Peroneus  longus. 
Peroneus  brevis. 

Foot. 

Dorsal  Region. 

Extensor  brevis  digitorum. 

Plantar  Region. 

First  Layer. 

Abductor  hallucis. 
Flexor  brevis  digitorum. 
Abductor  minimi  digiti. 

Secomd.  Layer. 

Flexor  accessorius. 
Lumbricales. 

Third  Layer. 

Flexor  brevis  hallucis. 
Adductor  obliquus  hallucis. 
Flexor  brevis  minimi  digiti. 
Adductor  trans  versus  pedis. 

Fourth  Layer. 

The  Interossei. 


Psoas  magnus. 


nJAC   REGION. 

Psoas  parvus. 


Iliacus. 


Dissection. — No  detailed  description  is  required  for  the  dissection  of  these  muscles.  On 
the  removal  of  the  viscera  from  the  abdomen  they  are  exposed,  covered  by  the  peritoneum  and 
a  thin  layer  of  fascia,  the  iliac  fascia. 

The  iliac  fkscia^  is  the  aponeurotic  layer  which  lines  the  back  part  of  the 
abdominal  ^cavity,  and  covers  the  Psoas  and  Iliacus  muscles  throughout  their  whole 
extent.  It  is  thin  above,  and  becomes  gradually  thicker  below  as  it  approaches 
the  crural  arch. 

The  portion  covering  the  Psoas  is  attached,  above,  to  the  ligamentum  arcuatum 
internum  ;  internally,  by  a  series  of  arched  processes  to  the  intervertebral  substances 
and  prominent  margins  of  the  bodies  of  the  vertebrae,  and  to  the  upper  part  of  the 
sacrum,  the  intervals  so  left,  opposite  the  constricted  portions  of  the  bodies, 
transmitting  the  lumbar  arteries  and  filaments  of  the  sympathetic  nerve.  Ex- 
ternally, above  the  crest  of  the  ilium,  this  portion  of  the  iliac  fascia  is  continuous 
with  the  anterior  lamella  of  the  lumbar  fascia  (see  page  435),  but  below  the  crest 
of  the  ilium  it  is  continuous  with  the  fascia  covering  the  Iliacus. 

The  portion  investing  the  Iliacus  is  connected  externally  to  the  whole  length 
of  the  inner  border  of  the  crest  of  the  ilium,  and  internally  to  the  brim  of  the 
true  pelvis,  where  it  is  continuous  with  the  periosteum,  and  at  the  ilio-pectineal 
eminence  it  receives  the  tendon  of  insertion  of  the  Psoas  parvus,  when  that  muscle 
exists.  External  to  the  femoral  vessels,  this  fascia  is  intimately  connected  to  the 
posterior  margin  of  Poupart's  ligament,  and  is  continuous  with  the  fascia  trans- 
verealis.  Internal  to  the  vessels  it  is  attached  to  the  ilio-pectineal  line  behind  the 
conjoined  tendon,  where  it  is  again  continuous  with  the  transversalis  fascia ;  and, 

*  The  student  must  not  confound  this  fascia  with  the  iliac  portion  of  the  fascia  lata  (see  p.  510<. 
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corresponding  to  the  point  where  the  femoral  vessels  pass  into  the  thigh,  this  fascia 
descends  behind  them,  forming  the  posterior  wall  of  the  crural  sheath.  This 
portion  of  the  iliac  fascia  which  passes  behind  the  femoral  vessels  is  also  attached 
to  the  ilio-pectineal  line  beyond  the  limits  of  the  attachment  of  the  conjoined 
tendon  ;  at  this  part  it  is  continuous  with  the  pubic  portion  of  the  fascia  lata  of 
the  thigh.  The  external  iliac  vessels  lie  in  front  of  the  iliac  fascia,  but  all  the 
branches  of  the  lumbar  plexus  behind  it ;  it  is  separated  from  the  peritoneum  by  a 
quantity  of  loose  areolar  tissue. 

The  Psoas  rnagnns  (Fig.  326)  is  a  long  fusiform  muscle  placed  on  the  side  of 
the  lumbar  region  of  the  spine  and  margin  of  the  pelvis.  It  arises  from  the  front 
of  the  bases  and  lower  borders  of  the  transverse  processes  of  the  lumbar  vertebrae 
by  five  fleshy  slips ;  also  from  the  sides  of  the  bodies  and  the  corresponding 
intervertebral  substances  of  the  last  dorsal  and  all  the  lumbar  vertebrae.  The 
muscle  is  connected  to  the  bodies  of  the  vertebrae  by  five -slips ;  each  slip  is  attached 
to  the  upper  and  lower  margins  of  two  vertebrae,  and  to  the  intervertebral  substance 
between  them,  the  slips  themselves  being  connected  by  the  tendinous  arches  which 
extend  across  the  constricted  part  of  the  bodies,  and  beneath  which  pass  the  lumbar 
arteries  and  sympathetic  nerves.  These  tendinous  arches  also  give  origin  to 
muscular  fibres,  and  protect  the  blood-vessels  and  nerves  from  pressure  during  the 
action  of  the  muscle.  The  first  slip  is  attached  to  the  contiguous  margins  of  the 
last  dorsal  and  first  lumbar  vertebrae ;  the  last  to  the  contiguous  margins  of  the 
fourth  and  fifth  lumbar,  and  to  the  intervertebral  substance.  From  these  points 
the  muscle  passes  down  across  the  brim  of  the  pelvis,  and,  diminishing  gradually 
in  size,  passes  beneath  Poupart's  ligament,  and  terminates  in  a  tendon  which, 
after  receiving  the  fibres  of  the  Iliacus,  is  inserted  into  the  lesser  trochanter  of 
the  femur. 

Relations. — In  the  lumbar  region :  by  its  anterior  sfurface^  which  is  placed 
behind  the  peritoneum,  with  the  iliac  fascia,  the  ligamentum  arcuatum  internum, 
the  kidney,  Psoas  parvus,  renal  vessels,  ureter,  spermatic  vessels,  genito-crural 
nerve,  and  the  colon ;  by  its  posterior  surface^  with  the  transverse  processes  of  the 
lumbar  vertebrae  and  the  Quadratus  lumborum,  from  which  it  is  separated  by  the 
anterior  lamella  of  the  lumbar  fascia.  The  anterior  crural  nerve  is  at  first 
situated  in  the  substance  of  the  muscle,  and  emerges  from  its  outer  border  at  the 
lower  part.  The  lumbar  plexus  is  situated  in  the  posterior  part  of  the  substance 
of  the  muscle.  By  its  inner  side  the  muscle  is  in  relation  with  the  bodies  of  the 
lumbar  vertebrae,  the  lumbar  arteries,  the  ganglia  of  the  sympathetic  nerve,  and 
their  branches  of  communication  with  the  spinal  nerves ;  the  lumbar  glands ;  the 
vena  cava  inferior  on  the  right  and  the  aorta  on  the  left  side,  and^long  the  brim 
of  the  pelvis  with  the  external  iliac  artery.  In  the  thigh  it  is  in  relation,  in  front, 
with  the  fascia  lata ;  behind,  with  the  capsular  ligament  of  the  hip,  from  which  it 
is  separated  by  a  synovial  bursa,  which  frequently  communicates  with  the  cavity 
of  the  joint  through  an  opening  of  variable  size;  by  its  inner  border^  with  the 
Pectineus  and  the  femoral  artery,  which  slightly  overlaps  it :  by  its  outer  border^ 
with  the  anterior  crural  nerve  and  Iliacus  muscle. 

The  Psoas  parvus  is  a  long  slender  muscle  placed  in  front  of  the  Psoas  magnus. 
It  arises  from  the  sides  of  the  bodies  of  the  last  dorsal  and  first  lumbar  vertebrae 
and  from  the  intervertebral  substance  between  them.  It  forms  a  small  flat  muscular 
bundle,  which  terminates  in  a  long  flat  tendon  inserted  into  the  ilio-pectineal 
eminence,  and,  by  its  outer  border,  into  the  iliac  fascia.  This  muscle  is  often 
absent,  and,  according  to  Cruveilhier,  sometimes  double. 

Belations. — It  is  covered  by  the  peritoneum,  and,  at  its  origin,  by  the  ligamentum 
arcuatum  internum ;  it  rests  on  the  Psoas  magnus. 

The  Iliacus  is  a  flat,  triangular  muscle  which  fills  up  the  whole  of  the  iliac 
fossa.  It  arises  from  the  upper  two-thirds  of  this  fossa  and  from  the  inner  margin 
of  the  crest  of  the  ilium ;  behind,  from  the  ilio-lumbar  ligament  and  base  of  the 
sacrum  ;  in  front,  from  the  anterior  superior  and  anterior  inferior  spinous  processes 
of  the  ilium,  from  the  notch  between  them,  and  bv  a  few  fibres  from  the  capsule 
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of  the  hip-joint.  The  fibres  converge  to  be  inserted  into  the  outer  side  of  the 
tendon  of  the  Psoas,  some  of  them  being  prolonged  into  the  oblique  line  which 
extends  from  the  lesser  trochanter  to  the  linea  aspera.^ 

Relations. —  Within  the  pelvis :  by  its  anterior  surface^  with  the  iliac  fascia, 
which  separates  the  muscle  from  the  peritoneum,  and  with  the  external  cutaneous 
nerve ;  on  the  right  side,  with  the  caecum ;  on  the  left  side,  with  the  sigmoid 
flexure  of  the  colon ;  by  its  posterior  surface^  with  the  iliac  fossa ;  by  its  inner 
border^  with  the  Psoas  magnus  and  anterior  crural  nerve.  In  the  thigh,  it  is  in 
relation,  by  its  anterior  surface^  with  the  fascia  lata,  Rectus,  and  Sartorius; 
behind,  with  the  capsule  of  the  hip-joint,  a  synovial  bursa  common  to  it  and  the 
Psoas  magnus  being  interposed. 

Nerves. — The  Psoas  magnus,  and  the  Psoas  parvus  when  it  exists,  are  supplied 
by  the  anterior  branches  of  the  lumbar  nerves ;  the  Iliacus  by  the  anterior  crural. 

Actions. — The  Psoas  and  Iliacus  muscles,  acting  from  above,  flex  the  thigh 
upon  the  pelvis,  and,  at  the  same  time,  rotate  the  femur  outward,  from  the 
obliquity  of  their  insertion  intx)  the  inner  and  back  part  of  that  bone.  Acting 
from  below,  the  femur  being  fixed,  the  muscles  of  both  sides  bend  the  lumbar 
portion  of  the  spine  and  pelvis  forward.  They  also  serve  to  maintain  the  erect 
position,  by  supporting  the  spine  and  pelvis  upon  the  femur,  and  assist  in  raising 
the  trunk  when  the  body  is  in  the  recumbent  posture. 

The  Psoas  parvus  is  a  tensor  of  the  iliac  fascia. 

Surgical  Anatomy. — In  the  iliac  fascia  there  is  no  definite  septum  between  the  portions  of 
fascia  covering  the  Psoas  and  Iliacus  respectively,  and  the  fascia  is  only  connected  to  the  subja- 
cent muscles  by  a  quantity  of  loose  connective  tissue.  When  abscess  forms  beneath  this  fascia, 
as  it  is  very  apt  to  do,  the  matter  is  contained  in  an  osseo-fibrous  cavitv  which  is  closed  on  all 
sides  within  the  abdomen,  and  is  open  only  at  its  lower  part,  where  the  fascia  is  prolonged  over 
the  muscle  into  the  thigh. 

Abscess  within  the  sheath  of  the  Psoas  muscle  [Psoas  abscess)  is  generally  due  to  tubercular 
caries  of  the  bodies  of  the  lower  dorsal  and  lumbar  yertebrsB.  When  the  disease  is  in  the  dorsal 
r^on,  the  matter  tracts  down  the  posterior  mediastinum,  in  front  of  the  bodies  of  the  vertebrae, 
aiicl,  passing  beneath  the  ligamentum  arcuatum  internum,  enters  the  sheath  of  the  Psoas  muscle, 
down  which  it  passes  as  far  as  the  pelvic  brim ;  it  then  gets  beneath  the  iliac  portion  of  the  fascia 
and  fills  up  the  iliac  fossa.  In  conseauence  of  the  attachment  of  the  fascia  to  the  pelvic  brim,  it 
rarely  finds  its  way  into  the  pelvis,  out  passes  by  a  narrow  opening  under  Poupart's  ligament 
into  the  thigh,  to  the  outer  siae  of  the  femoral  vessels.  It  thus  follows  that  a  Psoas  abscess  may 
be  described  as  consisting  of  four  parts:  (1)  a  somewhat  narrow  channel  at  its  upper  part,  in  the 
Paoas  sheath  ;  (2)  a  dilated  sac  in  the  iliac  fossa  ;  (3)  a  constricted  neck  under  Poupart's  liga- 
ment ;  and  (4)  a  dilated  sac  in  the  upper  part  of  the  thigh.  When  the  lumbar  vertebne  are 
the  seat  of  the  disease,  the  matter  finds  its  way  directly  into  the  substance  of  the  muscle.  The 
nmscular  fibres  are  destroyed,  and  the  nervous  cords  contained  in  the  abscess  are  isolated  and 
exposed  in  its  interior ;  the  femoral  vessels  which  lie  in  front  of  the  fascia  remain  intact,  and  the 
peritoneum  seldom  becomes  implicated.  All  Psoas  abscesses  do  not,  however,  pursue  this 
course :  the  matter  mav  leave  the  muscle  above  the  crest  of  the  ilium,  and,  tracking  backward, 
may  point  in  the  loin  (lumbar  abscess) ;  or  it  may  point  above  Poupart's  ligament  in  the  inguinal 
region ;  or  it  may  follow  the  course  or  the  iliac  vessels  into  the  pelvis,  and,  passing  through  the 
great  sacro-sciatic  notch,  discharge  itself  on  the  back  of  the  tnigh ;  or  it  may  open  into  the 
Gadder  or  find  its  way  into  the  perinaeum. 

THE  THIOH. 

Anterior  Femoral  Region. 

Tensor  vaginae  femoris.  Vastus  externus. 

Sartorius.  Vastus  internus. 

Rectus.  Crureus. 

Subcrureus. 

Dissection.— To  expose  the  muscles  atid  fasciae  in  this  region,  make  an  incision  along 
Poupart's  ligament,  from  the  anterior  superior  spine  of  the  ilium  to  the  spine  of  the  os  pubis; 
a  vertical  incision  from  the  centre  of  this,  along  tne  middle  of  the  thigh  to  below  the  knee-joint ; 
and  a  transverse  incision  from  the  inner  to  the  outer  side  of  the  leg,  at  the  lower  end  of  the  ver- 
tical incision.     The  flaps  of  integument  having  been  removed,  the  superficial  and  deep  fasciad 

^  The  Psoas  and  Iliacus  are  sometimes  regarded  as '  a  single  muscle,  the  Hio-psoasy  having  two 
heads  of  origin  and  a  single  insertion. 
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should  be  examined.  The  more  advanced  student  should  commence  the  study  of  this  region  by 
an  examination  of  the  anatomy  of  femoral  hernia  and  Scarpa's  triangle,  the  incisions  for  the 
dissection  of  which  are  marked  out  in  the  figure  below. 

The  superficial  fascia  forms  a  continuous  layer  over  the  whole  of  the  thigh, 
consisting  of  areolar  tissue,  containing  in  its  meshes  much  fat,  and  capable  of 
being  separated  into  two  or  more  layers,  between  which  are  found  the  superficial 
vessels  and  nerves.  It  varies  in  thickness  in  different  parts  of  the  limb :  in  the 
groin  it  is  thick,  and  the  two  layers  are  separated  from  one  another  by  the  super- 
ficial inguinal  lymphatic  glands,  the  internal  saphenous  vein,  and  several  smaller 
vessels.  One  of  these  two  layers,  the  superficial,  is  continuous  above  with  the 
superficial  fascia  of  the  abdomen.  The  deep  layer  of  the  superficial  fascia  is  a 
very  thin,  fibrous  layer,  best  marked  on  the  inner  side  of  the  long  saphenous  vein 
and  below  Poupart's  ligament.  It  is  placed  beneath  the  subcutaneous  vessels  and 
nerves  and  upon  the  surface  of  the  fascia  lata.  It  is  intimately  adherent  to  the 
fascia  lata  a  little  below  Poupart's  ligament.  It  covers  the  saphenous  opening  in 
the  fascia  lata,  being  closely  united  to  its  circumference,  and  is  connected  to  the 
sheath  of  the  femoral  vessels,  corresponding  to  its  under  surface.  The  portion  of 
fascia  covering  this  aperture  is  perforated  by  the  internal  saphenous  vein  and  by 
numerous  blood-  and  lymphatic  vessels  ;  hence  it  has  been  termed  the  cribriform 

fascia,  the  openings  for  these  vessels  having 
been  likened  to  the  holes  in  a  sieve.  The 
cribriform  fascia  adheres  closely  both  to  the 
superficial  fascia  and  to  the  fascia  lata,  so  that 
it  is  described  by  some  anatomists  as  part  of  the 
fascia  lata,  but  is  usually  considered  (as  in  this 
work)  as  belonging  to  the  superficial  fascia.  It 
is  not  until  the  cribriform  fascia  has  been  cleared 
away  that  the  saphenous  opening  is  seen,  so  that 
this  opening  does  not  in  ordinary  cases  exist 
naturallv,  but  is  the  result  of  dissection.  Mn 
Callender,  however,  speaks  of  cases  in  which, 
probably  as  the  result  of  pressure  from  enlarged 
inguinal  lymphatic  glands,  the  fascia  has  become 
atrophied,  and  a  saphenous  opening  exists  inde- 
pendent of  dissection.  A  femoral  hernia  in  pass- 
ing through  the  saphenous  opening  receives  the 
cribriform  fascia  as  one  of  its  coverings.  A  large 
subcutaneous  bursa  is  found  in  the  superficial 
fascia  over  the  patella. 

The  deep  fascia  of  the  thigh  is  exposed  on  the 
removal  of  the  superficial  fascia,  and  is  named, 
from  its  great  extent,  the  fascia  lata ;  it  forms  a 
uniform  investment  for  the  whole  of  this  region 
of  the  limb,  but  varies  in  thickness  in  different 
parts  ;  thus,  it  is  thicker  in  the  upper  and  outer 
part  of  the  thigh,  where  it  receives  a  fibrous 
expansion  from  the  Gluteus  maximus  muscle,  and 
the  Tensor  vaginae  femoris  is  inserted  between  its 
layers :  it  is  very  thin  behind,  and  at  the  upper 
and  inner  part  where  it  covers  the  Adductor 
muscles,  and  again  becomes  stronger  around  the 
knee,  receiving  fibrous  expansions  from  the 
tendon  of  the  Biceps  externally,  and  from  the 
Sartorius  internally,  and  Quadriceps  extensor 
cruris  in  front.  The  fascia  lata  is  attached,  above  and  behind,  to  the  back  of  the 
sacrum  and  coccyx ;  externally,  to  the  crest  of  the  ilium ;  in  front,  to  Poupart's 
ligament  and  to  the  body  of  the  os  pubis ;  and  internally,  to  the  descending  ramus 
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Fig.  325.— Dissection  of  lower  extremity 
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of  the  03  pubis,  to  the  ascending  ramus  and 
tuberosity  of  the  ischium,  and  to  the  lower 
border  of  the  great  sacro-sciatic  ligament. 
From  its  attachment  to  the  crest  of  the  ilium 
it  passes  down  over  the  Gluteus  medius  muscle 
to  the  upper  border  of  the  Gluteus  maximus, 
where  it  splits  into  two  layers,  one  passing 
superficial  to  and  the  other  beneath  this  muscle. 
At  the  lower  border  of  the  muscle  the  two 
layers  unite.  Externally,  j  ust  below  the  great 
trochanter,  the  fascia  lata  receives  the  greater 
part  of  the  tendon  of  insertion  of  the  Gluteus 
maximus,  and  becomes  proportionately  thick- 
ened. The  portion  of  the  fascia  lata  arising 
from  the  front  part  of  the  crest  of  the  ilium, 
corresponding  to  the  origin  of  the  Tensor 
v^inte  femoris,  passes  down  the  outer  side 
of  the  thigh  as  two  layers,  one  superficial 
and  the  other  beneath  this  muscle ;  these  at 
its  lower  end  become  blended  together  into 
a  thick  and  strong  band,  having  first  received 
the  insertion  of  the  muscle.  This  band  is 
continued  downward,  under  the  name  of  the 
iluhtibial  band,  to  be  inserted  into  the  external 
tuberosity  of  the  tibia.  Below,  the  fascia 
lata  is  attached  to  all  the  prominent  points 
around  the  knee-joint — viz,  the  condyles  of 
the  femur,  tuberosities  of  the  tibia,  and  head 
of  the  fibula.  On  each  side  of  the  patella  it  is 
strengthened  by  transverse  fibi-es  given  off 
from  the  lower  part  of  the  Yasti  muscles, 
which  are  attached  to  and  support  this  bone. 
Of  these  the  outer  is  the  stronger,  and  is  con- 
tinuous with  the  ilio-tibial  band.  From  the 
inner  surface  of  the  fascia  lata  are  given  off 
two  strong  intermuscular  septa,  which  are 
attached  to  the  whole  length  of  the  linea 
aspera  and  its  prolongations  above  and  below : 
the  external  and  stronger  one,  which  extends 
from  the  insertion  of  the  Gluteus  maximus  to 
the  outer  condyle,  separates  the  Vastus  ex- 
temuB  in  front  from  the  short  head  of  the 
Biceps  behind,  and  gives  partial  origin  to  these 
muscles;  the  inner  one,  the  thinner  of  the 
two,  separates  the  Vastus  internus  from  the 
Adductor  and  Pectineus  muscles.  Besides 
these  there  are  numerous  smaller  septa,  sepa- 
rating the  individual  muscles  and  enclosing 
each  in  a  distinct  sheath.  At  the  upper  and 
inner  part  of  the  thigh,  a  little  below  Poupart's 
ligament,  a  large  oval-shaped  aperture  is 
observed  after  the  superficial  fascia  has  been 
cleared  off:  it  transmits  the  internal  saphenous 
vein  and  other  smaller  vessels,  and  is  termed 
the  laphenoug  opening.  In  order  more  correctly 
to  consider  the  mode  of  formation  of  this 
aperture,   the  fascia  lata  in    this  part  of  the  fej^^i^ul""""'"""^ """'"'"" 
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thigh  is  described  as  consisting  of  two  portions — an  iliac  portion  and  a  pubic 
portion. 

The  iliac  portion  is  all  that  part  of  the  fascia  lata  on  the  outer  side  of  the 
saphenous  opening.  It  is  attached,  externally,  to  the  crest  of  the  ilium  and 
its  anterior  superior  spine,  to  the  whole  length  of  Poupart's  ligament  as  far 
internally  as  the  spine  of  the  os  pubis,  and  to  the  pectineal  line  in  conjunction 
with  Gimbernat's  ligament.  From  the  spine  of  the  os  pubis  it  is  reflected  down- 
ward and  outward,  forming  an  arched  margin,  the  boundary  or  falciform  process 
{superior  cornu)  of  the  saphenous  opening ;  this  margin  overlies  and  is  adherent 
to  the  anterior  layer  of  the  sheath  of  the  femoral  vessels :  to  its  edge  is  attached 
the  cribriform  fascia ;  and,  below,  it  is  continuous  with  the  pubic  portion  of  the 
fascia  lata. 

The  pubic  portion  is  situated  at  the  inner  side  of  the  saphenous  opening :  at 
the  lower  margin  of  this  aperture  it  is  continuous  with  the  iliac  portion ;  traced 
upward,  it  covers  the  surface  of  the  Pectineus,  Adductor  longus,  and  Gracilis 
muscles,  and,  passing  behind  the  sheath  of  the  femoral  vessels,  to  which  it  is 
closely  united,  is  continuous  with  the  sheath  of  the  Psoas  and  Iliacus  muscles, 
and  is  attached  above  to  the  ilio-pectineal  line,  where  it  becomes  continuous  with 
the  iliac  fascia.  From  this  description  it  may  be  observed  that  the  iliac  portion 
of  the  fascia  lata  passes  in  front  of  the  femoral  vessels,  and  the  pubic  portion 
behind  them,  so  that  an  apparent  aperture  exists  between  the  two,  through  which 
the  internal  saphenous  joins  the  femoral  vein.* 

The  fascia  should  now  be  removed  from  the  surface  of  the  muscles.  This  may  be  effected 
by  pinching  it  up  between  the  forceps,  dividing  it,  and  separating  it  from  each  muscle  in  the 
course  of  its  fibres. 

The  Tensor  vagins  femoris  arises  from  the  anterior  part  of  the  outer  lip  of 
the  crest  of  the  ilium,  and  from  the  outer  surface  of  the  anterior  superior  spinous 
process,  between  the  Gluteus  medius  and  Sartorius.  It  is  inserted  into  the  fascia 
lata  about  one-fourth  down  the  outer  side  of  the  thigh.  From  the  point  of  inser- 
tion the  fascia  is  continued  downward  to  the  head  of  the  tibia  as  a  thickened  band, 
the  ilio-tibial  band. 

Relations. — By  its  superficial  surface^  with  the  fascia  lata  and  the  integument; 
by  its  deep  surface^  with  the  Gluteus  medius,  Rectus  femoris.  Vastus  externus, 
and  the  ascending  branches  of  the  external  circumflex  artery;  by  its  anterior 
border^  with  the  Sartorius,  from  which  it  is  separated  below  by  a  triangular  space, 
in  which  is  seen  the  Rectus  femoris ;  by  its  posterior  border^  with  the  Gluteus 
medius. 

The  Sartorius,  the  longest  muscle  in  the  body,  is  flat,  narrow,  and  ribbon-like ; 
it  arises  by  tendinous  fibres  from  the  anterior  superior  spinous  process  of  the 
ilium  and  the  upper  half  of  the  notch  below  it,  passes  obliquely  across  the  upper 
and  anterior  part  of  the  thigh,  from  the  outer  to  the  inner  side  of  the  limb,  then 
descends  vertically,  as  far  as  the  inner  side  of  the  knee,  passing  behind  the  inner 
condyle  of  the  femur,  and  terminates  in  a  tendon  which,  curving  obliquely 
forward,  expands  into  a  broad  aponeurosis  inserted  into  the  upper  part  of  the 
inner  surface  of  the  shaft  of  the  tibia,  nearly  as  far  forward  as  the  crest.  This 
expansion  is  inserted  into  the  bone  by  an  inverted  U-shaped  aponeurosis:  part 
of  it  is  inserted  behind  the  attachment  of  the  Gracilis  and  Semitendinosus,  and 
another  part,  arching  over  the  upper  border  of  the  tendon  of  the  Gracilis,  is  inserted 
into  the  tibia  in  front  of  these  muscles.  An  offset  is  derived  from  the  upper  margin 
of  this  aponeurosis,  which  blends  with  the  fibrous  capsule  of  the  knee-joint,  and 
another,  given  off  from  its  lower  border,  blends  with  the  fascia  on  the  inner  side 
of  the  leg. 

The  relations  of  this  muscle  to  the  femoral  artery  should  be  carefully  examined, 
as  it  constitutes  the  chief  guide  in  tying  the  artery.  In  the  upper  third  of  the 
thigh  it  forms  the  outer  side  of  a  triangular  space,  Scarpa's  triangle^  the  inner 

*  These  parts  will  be  again  more  particularly  described  with  the  anatomy  of  Hernia. 
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side  of  which  is  formed  by  the  Adductor  longus,  and  the  base,  turned  upward, 
by  Poupart's  ligament;  the  femoral  artery  passes  perpendicularly  through  the 
middle  of  this  space  from  its  base  to  its  apex.  In  the  middle  third  of  the 
thigh  the  femoral  artery  lies  first  along  the  inner  border,  and  then  behind  the 
Sartorius. 

Relations. — By  its  superficial  surface^  with  the  fascia  lata  and  integument; 
by  its  deep  surface^  with  the  Rectus,  Iliacus,  Psoas,  Vastus  internus,  anterior 
crural  nerve,  sheath  of  the  femoral  vessels,  Adductor  longus,  Adductor  magnus. 
Gracilis,  Semitendinosus,  long  saphenous  nerve,  and  internal  lateral  ligament  of 
the  knee-joint. 

The  QnadricepB  extensor  includes  the  four  remaining  muscles  on  the  front  of 
the  thigh.  It  is  the  great  Extensor  muscle  of  the  leg,  forming  a  large  fleshy 
mass  which  covers  the  front  and  sides  of  the  femur,  being  united  below  into  a 
single  tendon,  attached  to  the  patella,  and  above  subdivided  into  separate  por- 
tions, which  have  received  distinct  names.  Of  these,  one  occupying  the  middle 
of  the  thigh,  connected  above  with  the  ilium,  is  called  the  Rectus  femori%^  from  its 
straight  course.  The  other  divisions  lie  in  immediate  connection  with  the  shaft 
of  the  femur,  which  they  cover  from  the  trochanters  to  the  condyles.  The  portion 
on  the  outer  side  of  the  femur  is  termed  the  Vastus  externus  ;  that  covering  the 
inner  side,  the  Vastus  intemtis ;  and  that  covering  the  front  of  the  femur,  the 
Crureus,  The  two  latter  portions  are,  however,  so  intimately  blended  as  to  form 
but  one  muscle. 

The  Rectus  femoris  is  situated  in  the  middle  of  the  anterior  region  of  the 
thigh :  it  is  fusiform  in  shape,  and  its  superficial  fibres  are  arranged  in  a  bipenni- 
form  manner,  the  deep  fibres  running  straight  down  to  the  deep  aponeurosis.  It 
arises  by  two  tendons :  one  the  straight  tendon,  or  short  head,  from  the  anterior 
inferior  spinous  process  of  the  ilium ;  the  other  is  flattened,  and  curves  outward, 
to  be  attached  to  a  groove  above  the  brim  of  the  acetabulum ;  this  is  the  reflected 
tendon,  or  long  head,  of  the  Rectus ;  it  unites  with  the  straight  tendon  at  an 
acute  angle,  and  then  spreads  into  an  aponeurosis,  from  which  the  muscular 
fibres  arise.^  The  muscle  terminates  in  a  broad  and  thick  aponeurosis  which 
occupies  the  lower  two-thirds  of  its  posterior  surface,  and,  gradually  becoming 
narrowed  into  a  flattened  tendon,  is  inserted  into  the  patella  in  common  with  the 
Vasti  and  Crureus. 

Relations. — By  its  superficial  surface^  with  the  anterior  fibres  of  the  Gluteus 
minimus,  the  Tensor  vaginae  femoris,  the  Sartorius,  and  the  Psoas  and  Iliacus ;  by 
its  lower  three-fourths,  with  the  fascia  lata;  by  its  posterior  surface^  with  the 
hip-joint,  the  external  circumflex  vessels,  and  the  Crureus  and  Vasti  muscles. 

The  three  remaining  muscles  have  been  described  collectively  by  some  anat- 
omists, separate  from  the  Rectus,  under  the  name  of  the  Triceps  extensor  cruris. 

The  Vastus  externus  is  the  largest  part  of  the  Quadriceps  extensor.  It  arises 
by  a  broad  aponeurosis,  which  is  attached  to  the  tubercle  of  the  femur,  to  the 
anterior  and  inferior  borders  of  the  great  trochanter,  to  a  rough  line  leading  from 
the  trochanter  major  to  the  linea  aspera,  and  to  the  outer  lip  of  the  linea  aspera: 
this  aponeurosis  covers  the  upper  three-fourths  of  the  muscle,  and  from  its  inner 
surface  many  fibres  arise.  A  few  additional  fibres  arise  from  the  tendon  of  the 
Gluteus  maximus  and  from  the  external  intermuscular  septum  between  the  Vastus 
externus  and  short  head  of  the  Biceps.  The  fibres  form  a  large  fleshy  mass  which 
is  attached  to  a  strong  aponeurosis,  placed  on  the  under  surface  of  the  muscle  at 
its  lower  part :  this  becomes  contracted  and  thickened  into  a  flat  tendon,  which  is 
inserted  into  the  outer  border  of  the  patella,  blending  with  the  great  extensor 
tendon. 

*  Mr.  W.  R.  Williams,  in  an  interesting  paper  in  the  Joum.  of  Anat.  and  PAy«.,  vol.  xiii.  p.  204, 
points  out  that  the  reflected  tendon  is  the  real  origin  of  the  muscle,  and  is  alone  present 
m  early  foetal  life.  The  direct  tendon  is  merely  an  accessory  band  of  condensed  fascia.  The 
t^«per  will  well  repay  perusal,  though  in  some  particulars  I  think  the  description  in  the  text 
more  generally  aocarate. — £d. 
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Relations. — By  its  superficial  surface^  with  the  Rectus,  the  Tensor  vaginje 
femoris,  the  fascia  lata,  and  the  Gluteus  maximus,  from  which  it  is  separated  by 
a  synovial  bursa ;  by  its  deep  surface^  with  the  Crureus,  some  large  branches  of 
the  external  circumflex  artery  and  anterior  crural  nerve  being  interposed. 

The  Vastus  intemus  and  Crureus  are  so  inseparably  connected  together  as  to 
form  but  one  muscle,  as  which  it  will  be  accordingly  described.  It  is  the  smallest 
portion  of  the  Quadriceps  extensor.  The  anterior  portion  of  it,  covered  by  the 
Rectus,  is  called  the  Crureus;  the  internal  portion,  which  lies  immediately 
beneath  the  fascia  lata,  the  Vastus  internus.  It  arises  by  an  aponeurosis,  which 
is  attached  to  the  lower  part  of  the  line  that  extends  from  the  inner  side  of  the 
neck  of  the  femur  to  the  linea  aspera,  from  the  inner  lip  of  the  linea  aspera, 
from  the  ridge  leading  from  the  linea  aspera  to  the  internal  condyle  and  internal 
intermuscular  septum.  It  also  arises  from  nearly  the  whole  of  the  internal, 
anterior,  and  external  surfaces  of  the  shaft  of  the  femur,  limited,  above,  by  the  line 
between  the  two  trochanters,  and  extending,  below,  to  within  the  lower  fourth  of 
the  bone.  From  these  different  origins  the  fibres  converge  to  a  broad  aponeurosis 
which  covers  the  anterior  surface  of  the  middle  portion  of  the  muscle  (the  Crureus) 
and  the  deep  surface  of  the  inner  division  of  the  muscle  (the  Vastus  internus),  and 
which  gradually  narrows  down  to  its  insertion  into  the  patella,  where  it  blends  with 
the  other  portions  of  the  Quadriceps  extensor.  The  muscular  fibres  of  the  Vastus 
internus  extend  lower  down  than  those  of  the  Vastus  externus,  so  that  the  capsule 
of  the  joint  is  less  covered  with  muscular  fibres  on  the  outer  than  on  the  inner 
side. 

Relations. — By  its  superficial  surface,  with  the  Psoas  and  Iliacus,  the  Rectus, 
Sartorius,  Pectineus,  Adductors,  and  fascia  lata,  femoral  vessels,  and  saphenous 
nerve ;  by  its  deep  surface,  with  the  femur,  Subcrureus,  and  synovial  membrane 
of  the  knee-joint. 

The  student  will  observe  the  striking  analogy  that  exists  between  the  Quadri- 
ceps extensor  and  the  Triceps  muscle  in  the  upper  extremity.  So  close  is  this 
similarity  that  M.  Cruveilhier  has  described  it  under  the  name  of  the  Triceps 
femoralis.  Like  the  Triceps  extensor  cubiti,  it  consists  of  three  distinct  divisions, 
or  heads :  a  middle  or  long  head,  the  Rectus,  analogous  to  the  long  head  of  the 
Triceps,  attached  to  the  ilium,  and  two  other  portions,  which  may  be  called  the 
external  and  internal  heads  of  the  Triceps  femoralis.  These,  it  will  be  noticed, 
are  strictly  analogous  to  the  outer  and  inner  heads  of  the  Triceps  in  the  arm. 

The  tetidons  of  the  different  portions  of  the  Quadriceps  extensor  unite  at  the 
lower  part  of  the  thigh,  so  as  to  form  a  single  strong  tendon  which  is  inserted 
into  the  upper  part  of  the  patella.  More  properly,  the  patella  may  be  regarded  as 
a  sesamoid  bone,  developed  in  the  tendon  of  the  Quadriceps,  and  the  ligamentum 
patellae,  which  is  continued  from  the  lower  part  of  the  patella  to  the  tuberosity  of 
the  tibia,  as  the  proper  tendon  of  insertion  of  the  muscle.  A  synovial  bursa,  the 
post'patellar  bursa,  is  interposed  between  the  tendon  and  the  upper  part  of  the 
tuberosity  of  the  tibia ;  and  another,  the  prepatellar  bursa,  is  placed  over  the 
patella  itself.  This  latter  bursa  often  becomes  enlarged,  constituting  *'  housemaid's 
knee." 

The  Subcrureus  is  a  small  muscle,  usually  distinct  from  the  Crureus,  but  occa- 
sionally blended  with  it,  which  arises  from  the  anterior  surface  of  the  lower  part 
of  the  shaft  of  the  femur,  and  is  inserted  into  the  upper  part  of  the  cul-de-sac  of 
the  capsular  ligament  which  projects  upward  beneath  the  Quadriceps  for  a  variable 
distance.     It  sometimes  consists  of  two  separate  muscular  bundles. 

Nerves. — The  Tensor  vagina?  femoris  is  supplied  by  the  superior  gluteal  nerve  ; 
the  other  muscles  of  this  region  bv  branches  from  the  anterior  crural. 

Actions. — The  Tensor  vaginae  femoris  is  a  tensor  of  the  fascia  lata;  continuing 
its  action,  the  oblique  direction  of  its  fibres  enables  it  to  abduct  and  to  rotate  the 
thigh  inward.  In  the  erect  posture,  acting  from  below,  it  will  serve  to  steady  the 
pelvis  upon  the  head  of  the  femur,  and  by  means  of  the  ilio-tibial  band  it  steadies 
the  condvles  of  the  femur  on  the  articular  surfaces  of  the   tibia,  and  assists  the 
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Gluteus  maximus  in  supporting  the  knee  in  the  extended  position.  The  Sartorius 
flexes  the  leg  upon  the  thigh,  and,  continuing  to  act,  flexes  the  thigh  upon  the 
pelvis  ;  it  next  rotates  the  thigh  outward.  It  was  formerly  supposed  to  adduct  the 
thigh,  so  as  to  cross  one  leg  over  the  other,  and  hence  received  its  name  of  Sartorius, 
or  tailor's  muscle  (sartor,  a  tailor),  because  it  was  supposed  to  assist  in  crossing  the 
legs  in  the  squatting  position.  When  the  knee  is  bent  the  Sartorius  assists  the 
Semitendinosus,  Semimembranosus,  and  Popliteus  in  rotating  the  tibia  inward. 
Taking  its  fixed  point  from  the  leg,  it  flexes  the  pelvis  upon  the  thigh,  and,  if  one 
muscle  acts,  assists  in  rotating  the  pelvis.  The  Quadriceps  extensor  extends  the 
leg  upon  the  thigh.  Taking,  its  fixed  point  from  the  leg,  as  in  standing,  this  muscle 
will  a<;t  upon  the  femur,  supporting  it  perpendicularly  upon  the  head  of  the  tibia, 
and  thus  maintaining  the  entire  weight  of  the  body,  or  in  the  stooping  position  it 
will  straighten  the  knee,  and  therefore  assist  the  trunk  in  rising  into  the  erect 
position.  The  Rectus  muscle  assists  the  Psoas  and  Iliacus  in  supporting  the  pel- 
vis and  trunk  upon  the  femur  or  in  bending  it  forward. 

Snrgical  Anatomy. — A  few  fibres  of  the  Kectus  muscle  are  liable  to  be  ruptured  firom 
severe  strain.  This  accident  is  especially  liable  to  occur  during  the  games  of  football  and  cricket, 
and  is  sometimes  known  as  ^^  cricket  thigh. "  The  patient  experiences  a  sudden  pain  in  the  part, 
as  if  he  had  been  struck,  and  the  Rectus  muscle  stands  out  and  is  felt  to  be  tense  and  rigid.  The 
accident  is  often  followed  by  considerable  swelling  from  inflammatoiy  effusion.  Occasionally  the 
Quadriceps  extensor  may  be  torn  away  from  its  insertion  into  the  patella,  or  the  tendon  oi  the 
pateUa  may  be  ruptured  about  an  inch  above  the  bone.  This  accident  is  caused  in  the  same 
manner  as  fracture  of  the  patella  by  muscular  action  is  produced — viz.  by  a  violent  muscular 
effort  to  prevent  falling  whilst  the  knee  is  in  a  position  of  semiflexion.  A  distinct  gap  can  be 
felt  above  the  patella,  and,  owing  to  the  retraction  of  the  muscular  fibres,  union  may  fail  to  take 
place. 

Internal  Femoral  Region. 

Gracilis.  Adductor  longus. 

Pectineus.  Adductor  brevis. 

Adductor  magnus. 

Dissection. — ^These  muscles  are  at  once  exposed  by  removing  the  fascia  from  the  fore  part 
and  inner  side  of  the  thigh.  The  limb  should  be  abducted,  so  as  to  render  the  muscles  tense 
and  easier  of  dissection. 

The  Gracilis  (Figs.  326,  329)  is  the  most  superficial  muscle  on  the  inner  side 
of  the  thigh.  It  is  thin  and  flattened,  broad  above,  narrow  and  tapering  below\ 
It  arises  by  a  thin  aponeurosis,  between  tw  o  and  three  inches  in  breadth,  from  the 
lower  half  of  the  margin  of  the  symphysis  and  the  inner  margin  of  the  descending 
ramus  of  the  os  pubis.  The  fibres  pass  vertically  downward,  and  terminate  in  a 
rounded  tendon  which  passes  behind  the  internal  condyle  of  the  femur,  and, 
curving  round  the  inner  tuberosity  of  the  tibia,  becomes  flattened,  and  is  inserted 
into  the  upper  part  of  the  inner  surface  of  the  shaft  of  the  tibia,  below  the  tuber- 
osity. The  tendon  of  this  muscle  is  situated  immediately  above  that  of  the 
Semitendinosus,  and  is  surrounded  bv  the  tendon  of  the  Sartorius,  with  which  it  is 
in  part  blended.  As  it  passes  across  the  internal  lateral  ligament  of  the  knee-joint 
it  is  separated  from  it  by  a  synovial  bursa  common  to  it  and  the  Semitendinosus 
muscle. 

Kelations. — By  its  superficial  surface,  with  the  fascia  lata  and  the  Sartorius 
below  :  the  internal  saphenous  vein  crosses  it  obliquely  near  its  lower  part,  lying 
superficial  to  the  fascia  lata ;  the  internal  saphenous  nerve  emerges  between  its 
tendon  and  that  of  the  Sartorius  ;  by  its  deep  surface,  wuth  the  Adductor  brevis  and 
the  Adductor  magnus  and  the  internal  lateral  ligament  of  the  knee-joint. 

The  Pectineus  (Fig.  326)  is  a  flat,  quadrangular  muscle  situated  at  the  anterior 
part  of  the  upper  and  inner  aspect  of  the  thigh.  It  arises  from  the  linea  ilio- 
pectinea,  from  the  surface  of  the  bone  in  front  of  it  between  the  pectineal  eminence 
and  spine  of  the  os  pubis,  and  from  the  fascia  covering  the  anterior  surface  of  the 
muscle ;  the  fibres  pass  downward,  backward,  and  outward,  to  be  inserted  into  a 
rough  line  leading  from  the  lesser  trochanter  to  the  linea  aspera. 

Kelations. — By  its  anterior  surface,  with  the  pubic  portion  of  the  fascia  lata, 
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which  separates  it  from  the  femoral  vessels  aad  internal  saphenous  vein ;  by  its 

■posterior  surface,  with  the  capsular  ligament  of  the  hip-joint,  the  Adductor  brevis 
and  Obturator  externua  muscles,  the  obtura- 
tor vessels  and  nerve  being  interposed  ;  by 
its  outer  border,  with  the  Psoas,  a  cellular 
interval  separating  them,  through  which 
passes  the  internal  circumflex  vessels;  bv 
its  inner  border,  with  the  margin  of  the 
Adductor  long  us. 

The  Adductor  longna,  the  most  super- 
ficial of  the  three  Adductors,  is  a  flat  tri- 
angular muscle  lying  on  the  same  plane  as 
the  Pectineus.  It  arises,  by  a  flat  narrow 
tendon,  from  the  front  of  the  os  pubis,  at 
the  angle  of  junction  of  the  crest  with  the 
symphysis ;  and  soon  expands  into  a  broad 
fleshy  belly,  which,  passing  downward,  back- 
ward, and  outward,  is  inserted,  by  an  apo- 
neurosis, into  the  linea  aspera,  between  the 
Vastus  internus  and  the  Adductor  magnus, 
with  which  it  is  usually  blended. 

Relations. — By  its  anterior  surface,  with 
the  fascia  lata,  the  Sartorius,  and,  near  its 
insertion,  with  the  femoral  artery  and 
vein ;  by  its  po»terior  surface,  with  the 
Adductor  brevis  and  magnus,  the  anterior 
branches  of  the  obturator  nerve,  and  with 
the  profunda  artery  and  vein  near  its  inser- 
tion ;  by  its  outer  border,  with  the  Pecti- 
neus; by  its  inner  border,  with  the  Gracilis. 

The  Pectineiis  and  Adductor  longus  should 
now  be  divided  near  their  origin,  aod  turned  down- 
ward, when  the  Adducwr  brevia  and  Obturator  ei- 
ternus  will  be  exposed. 

The  Adductor  brevis  is  situated  im- 
mediately behind  the  two  preceding  mus- 
cles. It  is  somewhat  triangular  in  form, 
and  arises  by  a  narrow  origin  from  the 
outer  surface  of  the  body  and  descending 
ramus  of  the  os  pubis,  between  the  Gracilis 
and  Obturator  externus.  Its  fibres,  passing 
backward,  outward,  and  downward,  are  in- 
serted, by  an  aponeurosis,  into  the  lower 
part  of  the  line  leading  from  the  lesser 
trochanter  to  the  tinea  aspera  and  the  upper 
part  of  the  linea  asj^i-a,  immediately  behind 
the  Pectineus  and  upper  part  of  the  Adduc- 
tor longus. 

Belations. — By  its  anterior  awrfijcc,  with 

the  Pectineus,   Adductor  longus,   profunda 

femoris  artery,   and   anterior  branches   of 

the  obturator   nerve :    by  its  posterior  sur- 

Fia.B27.— Deep  muscles  of  the  Internal /emorfti   fai'e,    with     the    Adductor     magnus     and 

posterior    branch  of  the  obturator   nerve; 

by  its  outer  border,  with  the  Obturator  externus  and  conjoined  tendon  of  the 

Psoas  and  Hiacus ;  by  its  inner  border,  with  the  Gracilis  and  Adductor  magnus. 
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Gluteus  maximus  in  supporting  the  knee  in  the  extended  position.  The  Sartorius 
flexes  the  leg  upon  the  thigh,  and,  continuing  to  act,  flexes  the  thigh  upon  the 
pelvis  ;  it  next  rotates  the  thigh  outward.  It  was  formerly  supposed  to  adduct  the 
thigh,  so  as  to  cross  one  leg  over  the  other,  and  hence  received  its  name  of  Sartorius, 
or  tailor's  muscle  {sartor,  a  tailor),  because  it  was  supposed  to  assist  in  crossing  the 
legs  in  the  squatting  position.  When  the  knee  is  bent  the  Sartorius  assists  the 
Semitendinosus,  Semimembranosus,  and  Popliteus  in  rotating  the  tibia  inward. 
Taking  its  fixed  point  from  the  leg,  it  flexes  the  pelvis  upon  the  thigh,  and,  if  one 
muscle  acts,  assists  in  rotating  the  pelvis.  The  Quadriceps  extensor  extends  the 
leg  upon  the  thigh.  Taking,  its  fixed  point  from  the  leg,  as  in  standing,  this  muscle 
will  act  upon  the  femur,  supporting  it  perpendicularly  upon  the  head  of  the  tibia, 
and  thus  maintaining  the  entire  w^eight  of  the  body,  or  in  the  stooping  position  it 
will  straighten  the  knee,  and  therefore  assist  the  trunk  in  rising  into  the  erect 
position.  The  Rectus  muscle  assists  the  Psoas  and  Iliacus  in  supporting  the  pel- 
vis and  trunk  upon  the  femur  or  in  bending  it  forward. 

Surgical  Anatomy. — A  few  fibres  of  the  Rectus  muscle  are  liable  to  be  ruptured  from 
severe  strain.  This  accident  is  especially  liable  to  occur  during  the  games  of  football  and  cricket, 
and  is  sometimes  known  as ''  cricket  thigh. "  The  patient  experiences  a  sudden  pain  in  the  part, 
as  if  he  had  been  struck,  and  the  Rectus  muscle  stands  out  and  is  felt  to  be  tense  and  rigid.  The 
accident  is  often  followed  by  considerable  swelling  from  inflammatory  effusion.  Occasionally  the 
Quadriceps  extensor  may  be  torn  away  from  its  insertion  into  the  patella,  or  the  tendon  of  the 
patella  may  be  ruptured  about  an  inch  above  the  bone.  This  accident  is  caused  in  the  same 
manner  as  fracture  of  the  patella  by  muscular  action  is  produced — viz.  by  a  violent  muscular 
effort  to  prevent  falling  whilst  the  knee  is  in  a  position  of  semiflexion.  A  distinct  gap  can  be 
felt  above  the  patella,  and,  owing  to  the  retraction  of  the  muscular  fibres,  union  may  fail  to  take 
place. 

Internal  Femoral  Region. 

Gracilis.  Adductor  longus. 

Pectineus.  Adductor  brevis. 

Adductor  magnus. 

Dissection. — These  muscles  are  at  once  exposed  by  removing  the  fascia  from  the  fore  part 
and  inner  side  of  the  thigh.  The  limb  should  be  abducted,  so  as  to  render  the  muscles  tense 
and  easier  of  dissection. 

The  Gracilis  (Figs.  326,  329)  is  the  most  superficial  muscle  on  the  inner  side 
of  the  thigh.  It  is  thin  and  flattened,  broad  above,  narrow  and  tapering  below^. 
It  arises  by  a  thin  aponeurosis,  between  two  and  three  inches  in  breadth,  from  the 
lower  half  of  the  margin  of  the  symphysis  and  the  inner  margin  of  the  descending 
ramus  of  the  os  pubis.  The  fibres  pass  vertically  downward,  and  terminate  in  a 
rounded  tendon  which  passes  behind  the  internal  condyle  of  the  femur,  and, 
curving  round  the  inner  tuberosity  of  the  tibia,  becomes  flattened,  and  is  inserted 
into  the  upper  part  of  the  inner  surface  of  the  shaft  of  the  tibia,  below  the  tuber- 
osity. The  tendon  of  this  muscle  is  situated  immediately  above  that  of  the 
Semitendinosus,  and  is  surrounded  by  the  tendon  of  the  Sartorius,  with  which  it  is 
in  part  blended.  As  it  passes  across  the  internal  lateral  ligament  of  the  knee-joint 
it  is  separated  from  it  by  a  synovial  bursa  common  to  it  and  the  Semitendinosus 
muscle. 

Relations. — By  its  superficial  surface,  with  the  fascia  lata  and  the  Sartorius 
below  :  the  internal  saphenous  vein  crosses  it  obliquely  near  its  low^er  part,  lying 
superficial  to  the  fascia  lata ;  the  internal  saphenous  nerve  emerges  between  its 
tend(m  and  that  of  the  Sartorius  ;  by  its  deep  surface,  with  the  Addlictor  brevis  and 
the  Adductor  magnus  and  the  internal  lateral  ligament  of  the  knee-joint. 

The  Pectineus  (Fig.  326)  is  a  flat,  quadrangular  muscle  situated  at  the  anterior 
part  of  the  upper  and  inner  aspect  of  the  thigh.  It  arises  from  the  linea  ilio- 
pectinea,  from  the  surface  of  the  bone  in  front  of  it  between  the  pectineal  eminence 
and  spine  of  the  os  pubis,  and  from  the  fascia  covering  the  anterior  surface  of  the 
muscle ;  the  fibres  pass  downward,  backward,  and  outward,  to  be  inserted  into  a 
rough  line  leading  from  the  lesser  trochanter  to  the  linea  aspera. 

Relations. — By  its  anterior  surface,  with  the  pubic  portion  of  the  fascia  lata, 
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i.  Dissection  oj 
gluteal  region. 


THE  HIP. 

Gluteal  Region. 

Gluteus  maximus.  Gemellus  superior. 

Gluteus  medius.  Obturator  internus. 

Gluteus  minimus.  Gemellus  inferior. 

Pyriformis.  Obturator  externus. 

Quadratus  femoris. 

Dissection  (Fie.  328). — The  subject  should  be  turned  on  its  face,  a  block  placed  beneath 
the  pelvis  to  make  the  buttocks  tense,  and  the  limbs  allowed  to  hang  over  the  end  of  the  table, 
with  the  foot  inverted  and  the  thigh  abducted.  Make  an  incision  through  the  integument  along 
the  crest  of  the  ilium  to  the  middle  of  the  sacrum,  and  thence  downward  to  the  tip  of  the  coccyx, 
and  carry  a  second  incision  from  that  point  obliquely  downward  and  outward  to  the  outer  side 
of  the  thigh,  four  inches  below  the  great  trochanter.  The  portion  of  integument  included 
between  these  incisions  is  to  be  removed  in  the  direction  shown  m  the  figure. 

The  QluteuB  mazimns  (Fig.  329),  the  most  superficial  muscle  in  the  gluteal 
region,  is  a  very  broad  and  thick,  fleshy  mass  of  a  quadrilateral  shape,  which 
forms  the  prominence  of  the  nates.  Its  large  size  is  one  of  the  most  characteristic 
points  in  the  muscular  system  in  man,  connected  as  it  is  with  the  power  he  has  of 
maintaining  the  trunk  in  the  erect  posture.  In  structure  the  muscle  is  remarkably 
coarse,  being  made  up  of  muscular  fasciculi  lying  parallel  with  one  another,  and 

collected  together  into  large  bundles,  separated 
by  deep  cellular  intervals.  It  arises  from  the 
superior  curved  line  of  the  ilium  and  the  por- 
tion of  bone,  including  the  crest,  immediately 
behind  it;  from  the  posterior  surface  of  the  lower 
part  of  the  sacrum,  the  side  of  the  coccyx,  the 
aponeurosis  of  the  Erector  spinse  muscle,  and 
the  great  sacro-sciatic  ligament.  The  fibres 
are  directed  obliquely  downward  and  outward ; 
those  forming  the  upper  and  larger  portion 
of  the  muscle  (after  converging  somewhat) 
terminate  in  a  thick  tendinous  lamina,  which 
passes  across  the  great  trochanter,  and  is 
inserted  into  the  fascia  lata  covering  the 
outer  side  of  the  thigh,  the  lower  portion  of 
the  muscle  being  inserted  into  the  rough  line 
leading  from  the  great  trochanter  to  the  linea 
aspera  between  the  Vastus  externus  and  Ad- 
ductor magnus. 

Three  syyiovial  hursce  are  usually  found  in 
relation  with  this  muscle.  One  of  these,  of 
large  size,  and  generally  multilocular,  separates 
it  from  the  great  trochanter.  A  second,  often 
wanting,  is  situated  on  the  tuberosity  of  the 
ischium.  A  third  is  found  between  the  tendon 
of  this  muscle  and  the  A^astus  externus. 

Relations. — By  its  superficial  surface^  with 
a  thin  fascia,  Avhich  separates  it  from  the  sub- 
cutaneous tissue ;  by  its  deep  surface^  from 
above  downward,  with  the  ilium,  sacrum,  coccyx, 
and  great  sacro-sciatic  ligament,  part  of  the 
Gluteus  medius,  Pyriformis,  Gemelli,  Obturator 
internus,  Quadratus  femoris,  the  tuberosity  of 
the  ischium,  great  trochanter,  the  origin  of  the 
Biceps,  Semitendinosus,  Semimembranosus, 
and  Adductor  magnus  muscles.  The  gluteal  vessels  and  superior  gluteal  nerve 
are  seen  issuing  from  the  pelvis  above  the  Pyriformis  muscle,  the  sciatic  and 
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internal  pudic  vessels  and  nerves, 
and  muscular  branches  from  the 
sacral  plexus  below  it.  Its  upper 
hurder  is  thin,  and  connected  with 
the  Gluteus  medius  by  the  fascia 
lata ;  its  lower  border  is  free  and 
prominent. 

Dissection. — Now  divide  the  Glu* 
teus  niaxiuiuB  near  ltd  origin  by  a  ver- 
lical  incision  iMirried  from  its  upper  to 
tla  lower  border;  a  cellular  inten'al 
icill  be  exposed,  separating  it  irom 
the  Gluteus  medius  and  External  ■ 
nxator  muscles  beneath.  Tbe  upper 
portion  of  tbe  muscle  is  to  be  alto- 
gether detached,  and  the  lovrer  portion 
turned  outward;  the  loose  areolar 
tissue  filling  up  the  inCerapaee  be- 
tween the  trochanter  mtyor  and  tuber- 
osity of  the  ischium  being  removed, 
the  parts  already  enumerated  as  es- 
p(i«d  by  the  removal  of  this  muscle 
will  be  seen. 

The    aiuteiu    medins    is     a 

broad,  thick,  radiated  muscle, 
situated  im  the  outer  surface  of 
tbe  pelvis.  Its  posterior  third  is 
covered  by  the  Glutens  maxiinus ; 
it*  anterior  two-thirds  by  the 
fascia  lata,  which  separates  it 
from  the  integument.  It  arises 
from  the  outer  surface  of  the 
ilium,  between  the  superior  and 
middle  curved  lines,  and  from 
the  outer  lip  of  that  portion  of 
the  crest  which  is  between  them ; 
it  also  arises  from  the  dense 
faseia(Gluteal  aponeurosis)  cover- 
ing it3  outer  surface.  The  fibres 
converge  to  a  strong  flattened 
tendon  which  is  inserted  into  the 
obli(|ue  tine  which  traverses  the 
outer  surface  of  the  great  tro- 
chanter. A  synovial  bursa  sepa- 
rates the  tendon  of  the  muscle 
from  the  surface  of  the  trochanter 
in  front  of  its  insertion. 

Relations. — By  its  superficial 
furface,  with  the  Gluteus  maxi- 
mus  behind,  tbe  Tensor  vaginse  •! 
femoris  and  deep  fascia  in  front ; 
bv  its  deep  surface,  with  the 
Gluteus  minimus  and  the  gluteal 
vessels  and  superior  gluteal  nerve. 
Its  anterior  bonier  is  blendetl 
with  the  Gluteus  minimus.  Its 
l"'itcrior  border  lies  parallel  with 
the  Pyriformis,  the  gluteal  ves- 
sels intervening. 
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This  muscle  should  now  be  divided  near  its  insertion  and  turned  upward,  when  the  Gluteus 
minimus  will  be  exposed.  • 

The  Glutens  minimns,  the  smallest  of  the  three  Glutei,  is  placed  immediately 
beneath  the  preceding.  It  is  fan-shaped,  arising  from  the  outer  surface  of  the 
ilium,  between  the  middle  and  inferior  curved  lines,  and  behind,  from  the  margin 
of  the  great  sacro-sciatic  notch ;  the  fibres  converge  to  the  deep  surface  of  a 
radiated  aponeurosis,  which,  terminating  in  a  tendon,  is  inserted  into  an  impres- 
sion on  the  anterior  border  of  the  great  trochanter.  A  synovial  bursa  is  inter- 
posed between  the  tendon  and  the  great  trochanter. 

Relations. — By  its  superficial  surface^  with  the  Gluteus  medius,  and  the  gluteal 
vessels  and  superior  gluteal  nerve ;  by  its  deep  surface^  with  the  ilium,  the  reflected 
tendon  of  the  Rectus  femoris,  and  capsular  ligament  of  the  hip-joint.  Its  anterior 
margin  is  blended  with  the  Gluteus  medius;  its  posterior  margin  is  often  joined 
with  the  tendon  of  the  Pyriformis. 

The  Psrriformis  is  a  flat  muscle,  pyramidal  in  shape,  lying  almost  parallel  with 
the  posterior  margin  of  the  Gluteus  medius.  It  is  situated  partly  within  the  pelvis 
at  its  posterior  part  and  partly  at  the  back  of  the  hip-joint.  It  arises  from  the 
front  of  the  sacrum  by  three  fleshy  digitations  attached  to  the  portions  of  bone 
between  the  first,  second,  third,  and  fourth  anterior  sacral  foramina,  and  also  from 
the  groove  leading  from  the  foramina :  a  few  fibres  also  arise  from  the  margin  of 
the  great  sacro-sciatic  foramen  and  from  the  anterior  surface  of  the  great  sacro- 
sciatic  ligament.  The  muscle  passes  out  of  the  pelvis  through  the  great  sacro- 
sciatic  foramen,  the  upper  part  of  which  it  fills,  and  is  inserted  by  a  rounded 
tendon  into  the  upper  border  of  the  great  trochanter,  behind,  but  often  blended 
with,  the  tendon  of  the  Obturator  internus  and  Gemelli  muscles. 

Relations. — By  its  anterior  surface,  within  the  pelvis,  with  the  Rectum  (espe- 
cially on  the  left  side),  the  sacral  plexus  of  nerves,  and  the  branches  of  the  internal 
iliac  vessels ;  external  to  the  pelvis,  with  the  os  innominatum  and  capsular  liga- 
ment of  the  hip-joint;  by  its  posterior  surface,  within  the  pelvis,  with  the  sacrum, 
and  external  to  it,  with  the  Gluteus  maximus;  by  its  upper  border j  with  the 
Gluteus  medius,  from  which  it  is  separated  by  the  gluteal  vessels  and  superior 
gluteal  nerve ;  by  its  lower  border^  with  the  Gemellus  superior  and  Coccygeus, 
the  sciatic  vessels  and  nerves,  the  internal  pudic  vessels  and  nerve,  and  muscular 
branches  from  the  sacral  plexus,  passing  from  the  pelvis  in  the  interval  between  the 
two  muscles. 

The  Obturator  membrane  is  a  thin  layer  of  interlacing  fibres  which  closes  the 
obturator  foramen.  It  is  attached,  externally,  to  the  margin  of  the  foramen ; 
internally,  to  the  posterior  surface  of  the  ischio-pubic  ramus,  internal  to  the  inner 
margin  of  the  foramen.  It  is  occasionally  incomplete,  and  presents  at  its  upper 
and  outer  part  a  small  canal,  which  is  bounded  below  by  a  thickened  band  of  fibres, 
for  the  passage  of  the  obturator  vessels  and  nerve.  Each  obturator  muscle  is 
connected  with  this  membrane. 

Dissection.— The  next  muscle,  as  well  as  the  origin  of  the  P^Tiformis,  can  only  be  seen 
when  the  pelvis  is  divided  and  the  viscera  removed. 

The  Obturator  internus,  like  the  preceding  muscle,  is  situated  partly  within 
the  cavity  of  the  pelvis  and  partly  at  the  back  of  the  hip-joint.  It  arises  from  the 
inner  surface  of  the  anterior  and  external  wall  of  the  pelvis,  around  the  inner  side 
of  the  obturator  foramen,  being  attached  to  the  descending  ramus  of  the  os  pubis 
and  the  ascending  ramus  of  the  ischium,  and  at  the  side  to  the  inner  surface  of 
the  body  of  the  ischium,  between  the  margin  of  the  obturator  foramen  in  front 
and  the  great  sacro-sciatic  notch  behind,  and  to  the  inner  surface  of  the  ilium 
below  the  brim  of  the  true  pelvis.  It  also  arises  from  the  inner  surface  of  the 
obturator  membrane,  except  at  its  lower  part,  and  from  the  tendinous  arch  which 
completes  the  canal  for  the  passage  of  the  obturiitor  vessels  and  nerve.  The  fibres 
are  directed  backward  and  downward,  and  terminate  in  four  or  five  tendinous 
bands  which  are  found  on  its  deep  surface :    these  bands  are  reflected  at  a  right 
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angle  over  the  inner  surface  of  the  tuberosity  of  the  ischium,  which  is  grooved  for 
their  reception :  the  groove  is  covered  with  cartilage  and  lined  with  a  synovial 
bursa.  The  muscle  leaves  the  pelvis  by  the  lesser  sacro-sciatic  notch,  and  the 
tendinous  bands  unite  into  a  single  flattened  tendon,  which  passes  horizontally 
outward,  and,  after  receiving  the  attachment  of  the  Gemelli,  is  inserted  into  the 
inner  surface  of  the  great  trochanter  in  front  of  the  Obturator  externus.  A 
synovial  bursa,  narrow  and  elongated  in  form,  is  usually  found  between  the  tendon 
of  this  muscle  and  the  capsular  ligament  of  the  hip :  it  occasionally  communicates 
with  the  bursa  between  the  tendon  and  the  tuberosity  of  the  ischium,  the  two 
forming  a  single  sac. 

In  order  to  display  the  peculiar  appearances  presented  by  the  tendon  of  this  muscle,  it  must 
be  divided  near  its  insertion  and  reflected  outward. 

Kelations. —  Within  the  pelvis  this  muscle  is  in  relation,  by  its  anterior  surface^ 
with  the  obturator  membrane  and  inner  surface  of  the  anterior  wall  of  the  pelvis ; 
by  its  posterior  surface^  with  the  pelvic  and  obturator  fasciaa,  which  separate  it  from 
the  Levator  ani ;  and  it  is  crossed  by  the  internal  pudic  vessels  and  nerve.  This 
surface  forms  the  outer  boundary  of  the  ischio-rectal  fossa.  External  to  the  pelvis 
it  is  covered  by  the  great  sciatic  nerve  and  Gluteus  maximus,  and  rests  on  the  back 
part  of  the  hip-joint. 

The  GtomeUi  are  two  small  muscular  fasciculi,  accessories  to  the  tendon  of  the 
Obturator  internus,  which  is  received  into  a  groove  between  them.  They  are  called 
superior  and  inferior. 

The  Qemellus  superior,  the  smaller  of  the  two,  arises  from  the  outer  surface 
of  the  spine  of  the  ischium,  and,  passing  horizontally  outward,  becomes  blended 
with  the  upper  part  of  the  tendon  of  the  Obturator  internus,  and  is  inserted  with 
it  into  the  inner  surface  of  the  great  trochanter.  This  muscle  is  sometimes 
wanting. 

Belations. — By  its  superficial  surface^  with  the  Gluteus  maximus  and  the 
sciatic  vessels  and  nerves ;  by  its  deep  surface^  with  the  capsule  of  the  hip-joint ; 
by  its  upper  border^  with  the  lower  margin  of  the  Pyriformis  ;  by  its  lower  border^ 
with  the  tendon  of  the  Obturator  internus. 

The  QemelluB  inferior  arises  from  the  upper  part  of  the  tuberosity  of  the 
ischium,  where  it  forms  the  lower  edge  of  the  groove  for  the  Obturator  internus 
tendon,  and,  passing  horizontally  outward,  is  blended  with  the  lower  part  of  the 
tendon  of  the  Obturator  internus,  and  is  inserted  with  it  into  the  inner  surface  of 
the  great  trochanter. 

Belations. — By  its  superficial  surface^  with  the  Gluteus  maximus  and  the 
sciatic  vessels  and  nerves ;  by  its  deep  surface^  with  the  capsular  ligament  of  the 
hip-joint ;  by  its  upper  border^  with  the  tendon  of  the  Obturator  internus ;  by  its 
lower  border^  with  the  tendon  of  the  Obturator  externus  and  Quadratus  femoris. 

The  Qnadratns  femoris  is  a  short,  flat  muscle,  quadrilateral  in  shape  (hence 
its  name),  situated  between  the  Gemellus  inferior  and  the  upper  margin  of  the 
Adductor  magnus.  It  arises  from  the  external  lip  of  the  tuberosity  of  the  ischium, 
and,  proceeding  horizontally  outward,  is  inserted  into  the  upper  part  of  the  linea 
quadrata  ;  that  is,  the  line  which  crosses  the  posterior  intertrochanteric  line.  A 
synovial  bursa  is  often  found  between  the  under  surface  of  this  muscle  and  the 
lesser  trochanter,  which  it  covers. 

Belations. — l&y  ii^  posterior  surface^  with  the  Gluteus  maximus  and  the  sciatic 
vessels  and  nerves ;  by  its  anterior  surface,  with  the  tendon  of  the  Obturator 
externus  and  trochanter  minor  and  with  the  capsule  of  the  hip-joint ;  by  its 
upper  border^  with  the  Gemellus  inferior.  Its  lotver  border  is  separated  from  the 
Adductor  magnus  by  the  terminal  branches  of  the  internal  circumflex  vessels. 

Dissection. — In  order  to  expose  the  next  muscle  (the  Obturator  externus),  it  is  necessary 
to  remove  the  Psoas,  Iliacus,  Pectineus,  and  Adductor  brevis  and  longus  muscles  from  the  front 
and  inner  side  of  the  thigh,  and  the  Gluteus  maximus  and  Quadratus  femoris  from  the  back 
part.  Its  dissection  should,  consequentlv,  be  postponed  until  the  muscles  of  the  anterior  and 
internal  femoral  regions  have  been  explained. 
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The  Obturator  erternus  (Fig.  327)  is  a  flat,  triangular  muscle  which  covers  the 
outer  surface  of  the  anterior  wall  of  the  pelvis.  It  arises  from  the  margin  of  bone 
immediately  around  the  inner  side  of  the  obturator  foramen — viz.  from  the  body 
and  ramus  of  the  os  pubis,  and  the  ramus  of  the  ischium  ;  it  also  arises  from  the 
inner  two-thirds  of  the  outer  surface  of  the  obturator  membrane,  and  from  the 
tendinous  arch  which  completes  the  canal  for  the  passage  of  the  obturator  vessels 
and  nerves.  The  fibres  converging  pass  backward,  outward,  and  upward,  and 
terminate  in  a  tendon  which  runs  across  the  back  part  of  the  hip-joint  and  is 
inserted  into  the  digital  fossa  of  the  femur. 

Relations. — By  its  anterior  surface^  with  the  Psoas,  Iliacus,  Pectineus, 
Adductor  magnus,  Adductor  brevis,  and  Gracilis,  and  more  externally,  with  the 
neck  of  the  femur  and  capsule  of  the  hip-joint ;  by  its  posterior  surface^  with  the 
obturator  membrane  and  Quadratus  femoris. 

Nerves. — The  Gluteus  maximus  is  supplied  by  the  inferior  gluteal  nerve 
from  the  sacral  plexus;  the  Gluteus  medius  and  minimus,  by  the  superior 
gluteal;  the  Pyriformis,  Gemelli,  Obturator  internus,  and  Quadratus  femoris, 
by  branches  from  the  sacral  plexus ;  and  the  Obturator  externus,  by  the  obturator 
nerve. 

Actions. — The  Gluteus  maximus,  when  it  takes  its  fixed  point  from  the  pelvis, 
extends  the  femur  and  brings  the  bent  thigh  into  a  line  wath  the  body.  Taking 
its  fixed  point  from  below,  it  acts  upon  the  pelvis,  supporting  it  and  the  whole 
trunk  upon  the  head  of  the  femur,  which  is  especially  obvious  in  standing  on  one 
leg.  Its  most  powerful  action  is  to  cause  the  body  to  regain  the  erect  position 
after  stooping  by  drawing  the  pelvis  backward,  being  assisted  in  this  action  by 
the  Biceps,  Semitendinosus,  and  Semimembranosus.  The  Gluteus  maximus  is  a 
tensor  of  the  fascia  lata,  and  by  its  connection  with  the  ilio-tibial  band  it  steadies 
the  femur  on  the  articular  surface  of  the  tibia  during  standing,  when  the  extensor 
muscles  are  relaxed.  The  lower  part  of  the  muscle  also  acts  as  an  abductor  and 
external  rotator  of  the  limb.  The  Gluteus  medius  and  minimus  abduct  the 
thigh  when  the  limb  is  extended,  and  are  principally  called  into  action  in 
supporting  the  body  on  one  limb,  in  conjunction  with  the  Tensor  vaginae  femoris. 
Their  anterior  fibres,  by  drawing  the  great  trochanter  forward,  rotate  the 
thigh  inward,  in  which  action  they  are  also  assisted  by  the  Tensor  vaginae 
femoris.  The  remaining  muscles  are  powerful  rotators  of  the  thigh  outward. 
In  the  sitting  posture,  when  the  thigh  is  flexed  upon  the  pelvis,  their  action 
as  rotators  ceases,  and  they  become  abductors,  with  the  exception  of  the 
Obturator  externus,  which  still  rotates  the  femur  outward.  When  the  femur 
is  fixed,  the  Pyriformis  and  Obturator  muscles  serve  to  draw  the  pelvis  forward 
if  it  has  been  inclined  backward,  and  assist  in  steadying  it  upon  the  head  of  the 
femur. 

Posterior  Femoral  Region. 

Biceps.  Semitendinosus.  Semimembranosus. 

Dissection  (Fig.  328). — Make  a  vertical  incision  along  the  middle  of  the  thigh,  from  the 
lower  fold  of  the  nates  to  about  three  inches  below  the  back  of  the  knee-joint,  and  there 
connect  it  with  a  transverse  incision  carried  from  the  inner  to  the  outer  side  of  the  lee.  Make 
a  third  incision  transversely  at  the  junction  of  the  middle  with  the  lower  third  of  the  thigh. 
The  integument  having  been  removed  from  the  back  of  the  knee  and  the  boundaries  of 
the  popliteal  space  examined,  the  removal  of  the  integument  from  the  remaining  part  of  the 
thigh  should  be  continued,  when  the  fascia  and  muscles  of  this  region  will  be  exposed. 

The  Biceps  [Biceps  flexor  cruris)  is  a  large  muscle,  of  considerable  length, 
situated  on  the  posterior  and  outer  aspect  of  the  thigh  (Fig.  329).  It  arises  by 
two  heads.  One,  the  long  head,  arises  from  the  lower  and  inner  facet  on  the 
back  part  of  the  tuberosity  of  the  ischium  by  a  tendon  common  to  it  and  the 
Semitendinosus.  The  femoral,  or  short  head,  arises  from  the  outer  lip  of  the 
linea  aspera,  between  the  Adductor  magnus  and  A^astus  externus,  extending  up 
almost  as  high  as  the  insertion  of  the  Gluteus  maximus,  and  from  its  outer  pro- 
longation below  to  within  two  inches  of  the  outer  condyle ;  it  also  arises  from  the 
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external  intermuscular  septum.  The  fibres  of  the  long  head  form  a  fusiform 
belly,  which,  passing  obliquely  downward  and  a  little  outward,  terminates  in  an 
aponeurosis  which  covers  the  posterior  surface  of  the  muscle  and  receives  the 
fibres  of  the  short  head :  this  aponeurosis  becomes  gradually  contracted  into  a 
tendon,  which  is  inserted  into  the  outer  side  of  the  head  of  the  fibula,  and  by 
a  small  slip  into  the  lateral  surface  of  the  external  tuberosity  of  the  tibia.  At 
its  insertion  the  tendon  divides  into  two  portions,  which  embrace  the  long 
external  lateral  ligament  of  the  knee-joint,  a  strong  prolongation  being  sent  for- 
ward to  the  outer  tuberosity  of  the  tibia,  which  gives  off  an  expansion  to  the  fascia 
of  the  leg.     The  tendon  of  this  muscle  forms  the  outer  hamstring. 

Relations. — ^By  its  superficial  surface^  with  the  Gluteus  maximus  above,  with 
the  fascia  lata  and  integument  in  the  rest  of  its  extent;  by  its  deep  surface^ 
with  the  Semimembranosus,  Adductor  magnus,  and  Vastus  externus,  the  great 
sciatic  nerve,  and,  near  its  insertion,  with  the  external  head  of  the  Gastro- 
cnemius, Plantaris,  the  superior  external  articular  artery,  and  the  external  popliteal 
nerve. 

The  SemitendinoBUS,  remarkable  for  the  great  length  of  its  tendon,  is  situated 
at  the  posterior  and  inner  aspect  of  the  thigh.  It  arises  from  the  lower  and  inner 
facet  on  the  tuberosity  of  the  ischium  by  a  tendon  common  to  it  and  the  long  head 
of  the  Biceps ;  it  also  arises  from  an  aponeurosis  which  connects  the  adjacent 
surfaces  of  the  two  muscles  to  the  extent  of  about  three  inches  after  their  origin. 
It  forms  a  fusiform  muscle,  which,  passing  downward  and  inward,  terminates  a 
little  below  the  middle  of  the  thigh  in  a  long  round  tendon  which  lies  along*  the 
inner  side  of  the  popliteal  space,  then  curves  around  the  inner  tuberosity  of  the 
tibia,  and  is  inserted  into  the  upper  part  of  the  inner  surface  of  the  shaft  of  that 
bone  nearly  as  far  forward  as  its  anterior  border.  This  tendon  is  surrounded  by 
the  tendon  of  the  Sartorius,  and  lies  below  that  of  the  Gracilis,  to  which  it  is 
united.  A  tendinous  intersection  is  usually  observed  about  the  middle  of  the 
muscle. 

Relations. — By  its  superficial  surface^  with  the  Gluteus  maximus  and  fascia 
lata;  by  its  deep  surface,  with  the  Semimembranosus,  Adductor  magnus,  inner 
head  of  the  Gastrocnemius,  and  internal  lateral  ligament  of  the  knee-joint. 

The  Semimembranosus,  so  called  from  the  membranous  expansion  on  its 
anterior  and  posterior  surfaces,  is  situated  at  the  back  part  and  inner  side  of  the 
thigh.  It  arises  by  a  thick  tendon  from  the  upper  and  outer  facet  on  the  back 
part  of  the  tuberosity  of  the  ischium,  above  and  to  the  outer  side  of  the  Biceps 
and  Semitendinosus,  and  is  inserted  into  the  groove  on  the  inner  and  back  part  of 
the  inner  tuberosity  of  the  tibia,  beneath  the  internal  lateral  ligament.  The 
tendon  of  the  muscle  at  its  origin  expands  into  an  aponeurosis  which  covers  the 
upper  part  of  its  anterior  surface :  from  this  aponeurosis  muscular  fibres  arise, 
and  converge  to  another  aponeurosis,  which  covers  the  lower  part  of  its  posterior 
surface  and  contracts  into  the  tendon  of  insertion.  The  tendon  of  the  muscle  at 
its  insertion  gives  off  two  fibrous  expansions ;  one  of  these,  of  considerable  size, 
passes  upward  and  outward  to  be  inserted  into  the  back  part  of  the  outer  con- 
<lyle  of  the  femur,  forming  part  of  the  posterior  ligament  of  the  knee-joint.  The 
•second  is  continued  downward  to  the  fascia  which  covers  the  Popliteus  muscle. 
The  tendon  also  sends  a  few  fibres  to  join  the  internal  lateral  ligament  of  the 
joint. 

The  tendons  of  the  two  preceding  muscles,  with  that  of  the  Gracilis,  form  the 
inner  hamstring. 

Relations. — By  its  superficial  surface,  with  the  Semitendinosus,  Biceps,  and 
fascia  lata ;  by  its  deep  surface,  with  the  popliteal  vessels,  Adductor  magnus,  and 
inner  head  of  the  Gastrocnemius,  from  which  it  is  separated  by  a  synovial  bursa ; 
by  its  inner  border,  with  the  Gracilis ;  by  its  outer  border,  with  the  great  sciatic 
nerve  and  its  internal  popliteal  branch. 

Kenres. — The  muscles  of  this  region  are  supplied  by  the  great  sciatic  nerve. 

Actions. — The  hamstring  muscles  flex  the  leg  upon  the  thigh.     When  the 
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The  Obturator  externus  (Fig.  327)  is  a  flat,  triangular  muscle  which  covers  the 
outer  surface  of  the  anterior  wall  of  the  pelvis.  It  arises  from  the  margin  of  bone 
immediately  around  the  inner  side  of  the  obturator  foramen — viz.  from  the  body 
and  ramus  of  the  os  pubis,  and  the  ramus  of  the  ischium  ;  it  also  arises  from  the 
inner  two-thirds  of  the  outer  surface  of  the  obturator  membrane,  and  from  the 
tendinous  arch  which  completes  the  canal  for  the  passage  of  the  obturator  vessels 
and  nerves.  The  fibres  converging  pass  backward,  outward,  and  upward,  and 
terminate  in  a  tendon  which  runs  across  the  back  part  of  the  hip-joint  and  is 
inserted  into  the  digital  fossa  of  the  femur. 

Belations. — By  its  anterior  surfacCy  with  the  Psoas,  Iliacus,  Pectineus, 
Adductor  magnus,  Adductor  brevis,  and  Gracilis,  and  more  externally,  with  the 
neck  of  the  femur  and  capsule  of  the  hip-joint;  by  \t&  posterior  surface^  with  the 
obturator  membrane  and  Quadratus  femoris. 

Nerves. — The  Gluteus  maximus  is  supplied  by  the  inferior  gluteal  nerve 
from  the  sacral  plexus;  the  Gluteus  medius  and  minimus,  by  the  superior 
gluteal ;  the  Pyriformis,  Gemelli,  Obturator  internus,  and  Quadratus  femoris, 
by  branches  from  the  sacral  plexus ;  and  the  Obturator  externus,  by  the  obturator 
nerve. 

Actions. — The  Gluteus  maximus,  when  it  takes  its  fixed  point  from  the  pelvis, 
extends  the  femur  and  brings  the  bent  thigh  into  a  line  with  the  body.  Taking 
its  fixed  point  from  below,  it  acts  upon  the  pelvis,  supporting  it  and  the  whole 
trunk  upon  the  head  of  the  femur,  which  is  especially  obvious  in  standing  on  one 
leg.  Its  most  powerful  action  is  to  cause  the  body  to  regain  the  erect  position 
after  stooping  by  drawing  the  pelvis  backward,  being  assisted  in  this  action  by 
the  Biceps,  Semitendinosus,  and  Semimembranosus.  The  Gluteus  maximus  is  a 
tensor  of  the  fascia  lata,  and  by  its  connection  with  the  ilio-tibial  band  it  steadies 
the  femur  on  the  articular  surface  of  the  tibia  during  standing,  when  the  extensor 
muscles  are  relaxed.  The  lower  part  of  the  muscle  also  acts  as  an  abductor  and 
external  rotator  of  the  limb.  The  Gluteus  medius  and  minimus  abduct  the 
thigh  when  the  limb  is  extended,  and  are  principally  called  into  action  in 
supporting  the  body  on  one  limb,  in  conjunction  with  the  Tensor  vaginae  femoris. 
Their  anterior  fibres,  by  drawing  the  great  trochanter  forward,  rotate  the 
thigh  inward,  in  which  action  they  are  also  assisted  by  the  Tensor  vaginae 
femoris.  The  remaining  muscles  are  powerful  rotators  of  the  thigh  outward. 
In  the  sitting  posture,  when  the  thigh  is  flexed  upon  the  pelvis,  their  action 
as  rotators  ceases,  and  they  become  abductors,  with  the  exception  of  the 
Obturator  externus,  which  still  rotates  the  femur  outward.  When  the  femur 
is  fixed,  the  Pyriformis  and  Obturator  muscles  serve  to  draw  the  pelvis  forward 
if  it  has  been  inclined  backward,  and  assist  in  steadying  it  upon  the  head  of  the 
femur. 

Posterior  Femoral  Region. 

Biceps.  Semitendinosus.  Semimembranosus. 

Dissection  (Fig.  328). — Make  a  vertical  incision  along  the  middle  of  the  thigh,  iVom  the 
lower  fold  of  the  nates  to  about  three  inches  below  the  back  of  the  knee-joint,  and  there 
connect  it  with  a  transverse  incision  carried  from  the  inner  to  the  outer  side  of  the  leg.  Make 
a  third  incision  transversely  at  the  junction  of  the  middle  with  the  lower  third  of  the  thigh. 
The  integument  having  been  removed  from  the  back  of  the  knee  and  the  boundaries  of 
the  popliteal  space  examined,  the  removal  of  the  integument  from  the  remaining  part  of  the 
thigh  should  be  continued,  when  the  fascia  and  muscles  of  this  region  will  be  exposed. 

The  Biceps  {^Biceps  flexor  cruris)  is  a  large  muscle,  of  considerable  length, 
situated  on  the  posterior  and  outer  aspect  of  the  thigh  (Fig.  329).  It  arises  by 
two  heads.  One,  the  long  head,  arises  from  the  lower  and  inner  facet  on  the 
back  part  of  the  tuberosity  of  the  ischium  by  a  tendon  common  to  it  and  the 
Semitendinosus.  The  femoral,  or  short  head,  arises  from  the  outer  lip  of  the 
linea  aspera,  between  the  Adductor  magnus  and  Vastus  externus,  extending  up 
almost  as  high  as  the  insertion  of  the  Gluteus  maximus,  and  from  its  outer  pro- 
longation below  to  within  two  inches  of  the  outer  condyle ;  it  also  arises  from  the 


THE  POSTERIOR   FEMORAL   REGION.  521 

external  intermuscular  septum.  The  fibres  of  the  long  head  form  a  fusiform 
belly,  which,  passing  obliquely  downward  and  a  little  outward,  terminates  in  an 
aponeurosis  which  covers  the  posterior  surface  of  the  muscle  and  receives  the 
fibres  of  the  short  head :  this  aponeurosis  becomes  gradually  contracted  into  a 
.tendon,  which  is  inserted  into  the  outer  side  of  the  head  of  the  fibula,  and  by 
a  small  slip  into  the  lateral  surface  of  the  external  tuberosity  of  the  tibia.  At 
its  insertion  the  tendon  divides  into  two  portions,  which  embrace  the  long 
external  lateral  ligament  of  the  knee-joint,  a  strong  prolongation  being  sent  for- 
ward to  the  outer  tuberosity  of  the  tibia,  which  gives  off  an  expansion  to  the  fascia 
of  the  leg.     The  tendon  of  this  muscle  forms  the  outer  hamstring. 

Belations. — By  its  superficial  surface^  with  the  Gluteus  maximus  above,  with 
the  fascia  lata  and  integument  in  the  rest  of  its  extent;  by  its  deep  surface^ 
with  the  Semimembranosus,  Adductor  magnus,  and  Vastus  extemus,  the  great 
sciatic  nerve,  and,  near  its  insertion,  with  the  external  head  of  the  Gastro- 
cnemius, Plantaris,  the  superior  external  articular  artery,  and  the  external  popliteal 
nerve. 

The  Semitendinosus,  remarkable  for  the  great  length  of  its  tendon,  is  situated 
at  the  posterior  and  inner  aspect  of  the  thigh.  It  arises  from  the  lower  and  inner 
facet  on  the  tuberosity  of  the  ischium  by  a  tendon  common  to  it  and  the  long  head 
of  the  Biceps ;  it  also  arises  from  an  aponeurosis  which  connects  the  adjacent 
surfaces  of  the  two  muscles  to  the  extent  of  about  three  inches  after  their  origin. 
It  forms  a  fusiform  muscle,  which,  passing  downward  and  inward,  terminates  a 
little  below  the  middle  of  the  thigh  in  a  long  round  tendon  which  lies  along'  the 
inner  side  of  the  popliteal  space,  then  curves  around  the  inner  tuberosity  of  the 
tibia,  and  is  inserted  into  the  upper  part  of  the  inner  surface  of  the  shaft  of  that 
bone  nearly  as  far  forward  as  its  anterior  border.  This  tendon  is  surrounded  by 
the  tendon  of  the  Sartorius,  and  lies  below  that  of  the  Gracilis,  to  which  it  is 
united.  A  tendinous  intersection  is  usually  observed  about  the  middle  of  the 
muscle. 

Belations. — By  its  superficial  surface^  with  the  Gluteus  maximus  and  fascia 
lata;  by  its  deep  surface^  with  the  Semimembranosus,  Adductor  magnus,  inner 
head  of  the  Gastrocnemius,  and  internal  lateral  ligament  of  the  knee-joint. 

The  Semimembranosus,  so  called  from  the  membranous  expansion  on  its 
anterior  and  posterior  surfaces,  is  situated  at  the  back  part  and  inner  side  of  the 
thigh.  It  arises  by  a  thick  tendon  from  the  upper  and  outer  facet  on  the  back 
part  of  the  tuberosity  of  the  ischium,  above  and  to  the  outer  side  of  the  Biceps 
and  Semitendinosus,  and  is  inserted  into  the  groove  on  the  inner  and  back  part  of 
the  inner  tuberosity  of  the  tibia,  beneath  the  internal  lateral  ligament.  The 
tendon  of  the  muscle  at  its  origin  expands  into  an  aponeurosis  which  covers  the 
upper  part  of  its  anterior  surface :  from  this  aponeurosis  muscular  fibres  arise, 
and  converge  to  another  aponeurosis,  which  covers  the  lower  part  of  its  posterior 
surface  and  contracts  into  the  tendon  of  insertion.  The  tendon  of  the  muscle  at 
its  insertion  gives  off  two  fibrous  expansions ;  one  of  these,  of  considerable  size, 
passes  upward  and  outward  to  be  inserted  into  the  back  part  of  the  outer  con- 
dyle of  the  femur,  forming  part  of  the  posterior  ligament  of  the  knee-joint.  The 
second  is  continued  downward  to  the  fascia  which  covers  the  Popliteus  muscle. 
The  tendon  also  sends  a  few  fibres  to  join  the  internal  lateral  ligament  of  the 
joint. 

The  tendons  of  the  two  preceding  muscles,  with  that  of  the  Gracilis,  form  the 
inner  hamstring. 

Belations. — By  its  superficial  surface^  with  the  Semitendinosus,  Biceps,  and 
fascia  lata ;  by  its  deep  surface^  with  the  popliteal  vessels,  Adductor  magnus,  and 
inner  head  of  the  Gastrocnemius,  from  which  it  is  separated  by  a  synovial  bursa ; 
by  its  inner  border^  with  the  Gracilis ;  by  its  outer  border^  with  the  great  sciatic 
nerve  and  its  internal  popliteal  branch. 

Nerves. — The  muscles  of  this  region  are  supplied  by  the  great  sciatic  nerve. 

Actions. — The  hamstring  muscles  flex  the  leg  upon  the  thigh.     When  the 
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brevis  digitorum.  They  all  receive  a  fibrous  expansion  from  the  Interossei  and 
Lumbricales,  and  then  spread  out  into  a  broad  aponeurosis,  which  covers  the  dorsal 
surface  of  the  first  phalanx :  this  aponeurosis,  at  the  articulation  of  the  first  with 
the  second  phalanx,  divides  into  three  slips — a  middle  one,  which  is  inserted  into 
the  base  of  the  second  phalanx,  and  two  lateral  slips,  which,  after  uniting  on  the 
dorsal  surface  of  the  second  phalanx,  are  continued  onward,  to  be  inserted  into 
the  base  of  the  third. 

Relations. — By  its  anterior  surface^  with  the  fascia  and  the  annular  ligament ; 
by  its  posterior  surface^  with  the  fibula,  interosseous  membrane,  ankle-joint,  and 
Extensor  brevis  digitorum ;  by  its  in7ier  side,  with  the  Tibialis  anticus,  Extensor 
proprius  hallucis,  and  anterior  tibial  vessels  and  nerve ;  by  its  outer  side,  with  the 
Peroneus  longus  and  brevis. 

The  Peroneus  tertius  is  a  part  of  the  Extensor  longus  digitorum,  and  might 
be  described  as  its  fifth  tendon.  The  fibres  belonging  to  this  tendon  arise  from 
the  lower  fourth  of  the  anterior  surface  of  the  fibula,  from  the  lower  part  of  the 
interosseous  membrane,  and  from  an  intermuscular  septum  between  it  and  the 
Peroneus  brevis.  The  tendon,  after  passing  through  the  same  canal  in  the 
annular  ligament  as  the  Extensor  longus  digitorum,  is  inserted  into  the  dorsal 
surface  of  the  base  of  the  metatarsal  bone  of  the  little  toe,  on  its  inner  side.  This 
muscle  is  sometimes  wanting. 

Nerves. — These  muscles  are  supplied  by  the  anterior  tibial  nerve. 

Actions. — The  Tibialis  anticus  and  Peroneus  tertius  are  the  direct  flexors  of 
the  tarsus  upon  the  leg ;  the  former  muscle,  from  the  obliquity  in  the  direction  of 
its  tendon,  raises  the  inner  border  of  the  foot ;  and  the  latter,  acting  with  the 
Peroneus  brevis  and  longus,  draws  the  outer  border  of  the  foot  upward  and 
the  sole  outward.  The  Extensor  longus  digitorum  and  Extensor  proprius  hallucis 
extend  the  phalanges  of  the  toes,  and,  continuing  their  action,  flex  the  tarsus 
upon  the  leg.  Taking  their  fixed  point  from  below  in  the  erect  posture,  all  these 
muscles  serve  to  fix  the  bones  of  the  leg  in  the  perpendicular  position  and  give 
increased  strength  to  the  ankle-joint. 

Posterior  Tibio-flbular  Region. 

Dissection  (Fig.  328). — Make  a  vertical  incision  along  the  mjddle  line  of  the  back  of  the 
leg,  irom  the  lower  part  of  the  popliteal  space  to  the  heel,  connecting  it  below  by  a  transverse 
incision  extending  between  the  two  malleoli ;  the  flaps  of  integument  being  removed,  the  fajscia 
and  muscles  should  be  examined. 

The  muscles  in  this  region  of  the  leg  are  subdivided  into  tw^o  layers — super- 
ficial and  deep.  The  superficial  layer  constitutes  a  powerful  muscular  mass, 
forming  the  calf  of  the  leg.  Their  large  size  is  one  of  the  most  characteristic 
features  of  the  muscular  apparatus  in  man,  and  bears  a  direct  connection  with  his 
ordinary  attitude  and  mode  of  progression. 

Superficial  Layer, 

Gastrocnemius.  Soleus.  Plantaris. 

The  Gastrocnemius  is  the  most  superficial  muscle,  and  forms  the  greater  part 
of  the  calf.  It  arises  by  two  heads,  which  are  connected  to  the  condyles  of 
the  femur  by  two  strong  flat  tendons.  The  inner  head,  the  larger  and  a  little 
the  more  posterior,  arises  from  a  depression  at  the  upper  and  back  part  of  the 
inner  condyle.  The  outer  head  arises  from  the  upper  and  back  part  of  the 
external  condyle,  immediately  above  the  origin  of  the  Popliteus.  Both  heads,  also, 
arise  by  a  few  tendinous  and  fleshy  fibres  from  the  ridges  which  are  continued 
upward  from  the  condyles  to  the  linea  aspera.  Each  tendon  spreads  out  into  an 
aponeurosis  which  covers  the  posterior  surface  of  that  portion  of  the  muscle  to 
which  it  belongs,  that  covering  the  inner  head  being  longer  and  thicker  than 
the  outer.  From  the  anterior  surface  of  these  tendinous  expansions  muscular 
fibres  are  given  off".     The  fibres  in  the  median  line,  which  correspond   to    the 
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accessory  portions  of  the  muscle  derivefl  from  the  bifurcations  of  the  linea  aspera, 

unite  at  an  angle  upon  a  median  tendinous 

raphe  below :  the  remaining  fibres  eonvei-ge 

to  the  posterior  surface  of  an  aponeurosis 

wtiich    covers   the   anterior   surface   of  the 

mascle,    and    this,    gradually    contracting, 

unites  v:\th  the  tendon   of  the   Soleus,   and 

fiirms  with  it  the  tendo  Achillia. 

Belations. — By  its  superficial  surface, 
with  the  fascia  of  the  leg,  which  separates 
it  from  the  external  saphenous  vein  and 
nerve ;  by  its  deep  surface,  with  the  posterior 
ligament  of  the  knee-joint,  the  Popliteus, 
Soleus,  Plantaris,  popliteal  vessels,  and  in- 
ternal popliteal  nerve.  The  tendon  of  the 
inD«r  head  corresponds  with  the  back  part 
of  the  inner  condyle,  from  which  it  is  sepa- 
rated by  a  synovial  bursa,  which,  in  some 
cases,  communicates  with  the  cavity  of  the 
knee-joint.  The  tendon  of  the  outer  head 
contains  a  sesamoid  fibro-cartilage  (rarely 
osseous)  where  it  plays  over  the  correspond- 
ing outer  condyle ;  and  one  is  occasionally 
found  in  the  tendon  of  the  inner  head. 

Tbe  Gastrocnemius  should  be  divided^  across, 
jiisi  l)elow  its  origin,  and  turned  downward,  in  order 
tii  iripose  the  next  muHcles. 

The  Bolens  is  a,  broad  flat  muscle  situated 
immediately  beneath  the  Gastrocnemius.     It 
has  received  its  name  from  its  resemblance 
in  shape  to  a  sole-fisb.     It  arises  by  ten- 
dinoua  fibres  from  the  back  part  of  the  head 
of  the  fibula  and  from  the  upper  third  of  the 
posieriorsurfaceof  itsshaft ;  from  theoblique      ! 
line  of  the  tibia  and  from  the  middle  third      3 
"f  its  internal  border;  some  fibres  also  arise      ; 
from  a  tendinous  arch  placed  between  the      5 
tibial  and  fibular  origins  of  the  muscle,  be-      g 
neath  which  the  posterior  tibial  vessels  and      2 
nerve  pass.     The  fibres  pass  backward  to  an      S 

aponeurosis  which   covers  the  posterior  sur-      3  miiif 

face  of  the  muscle,  and   this,  gradually  be-     -^  '  »*"•»>■ 

coming  thicker  and  narrower,  joins  with  the 
tendon  of  the  Gastrocnemius,  and  forms  with 
it  the  tendo  Achillis.  1 

Belationa. — By  its  superficial  surface, 
*ith  the  Gastrocnemius  and  Plantaris;  by 

its  deep  surface,   with    the    Flexor   longus     8uperflci^'iay«r"*' "' °  n^^tiKi-   •,    t  c  eg. 
digitorum.  Flexor  longus   hallucis.  Tibialis 

[posticus,  and  posterior  tibial  vessels  and  nerve,  from  which  it  is  separated  by  the 
transverse  intermuscular  septum  or  deep  transverse  fascia  of  the  leg. 

The  Tendo  Achillis,  the  common  tendon  of  the  Gastrocnemius  and  Soleus.  is 
the  thickest  and  strongest  tendon  in  the  body.  It  is  about  six  inches  in  length, 
and  commences  about  the  middle  of  the  leg,  btit  receives  fleshy  fibres  on  its 
anterior  surface  nearly  to  its  lower  end.  Gradually  becoming  contracted  below,  it 
IS  inserted  into  the  lower  part  of  the  posterior  surface  of  the  os  calcis,  a  synovial 
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brevis  digitorum.  They  all  receive  a  fibrous  expansion  from  the  Interossei  and 
Lumbricales,  and  then  spread  out  into  a  broad  aponeurosis,  which  covers  the  dorsal 
surface  of  the  first  phalanx  :  this  aponeurosis,  at  the  articulation  of  the  first  with 
the  second  phalanx,  divides  into  three  slips — a  middle  one,  which  is  inserted  into 
the  base  of  the  second  phalanx,  and  two  lateral  slips,  which,  after  uniting  on  the 
dorsal  surface  of  the  second  phalanx,  are  continued  onward,  to  be  inserted  into 
the  base  of  the  third. 

Relations. — By  its  anterior  surface^  with  the  fascia  and  the  annular  ligament ; 
by  its  posterior  surface^  with  the  fibula,  interosseous  membrane,  ankle-joint,  an«l 
Extensor  brevis  digitorum ;  by  its  iniur  side,  with  the  Tibialis  anticus,  Extensor 
proprius  hallucis,  and  anterior  tibial  vessels  and  nerve ;  by  its  outer  8ide^  with  the 
Peroneus  longus  and  brevis. 

The  Peroneus  tertius  is  a  part  of  the  Extensor  longus  digitorum,  and  might 
be  described  as  its  fifth  tendon.  The  fibres  belonging  to  this  tendon  arise  from 
the  lower  fourth  of  the  anterior  surface  of  the  fibula,  from  the  lower  part  of  the 
interosseous  membrane,  and  from  an  intermuscular  septum  between  it  and  the 
Peroneus  brevis.  The  tendon,  after  passing  through  the  same  canal  in  the 
annular  ligament  as  the  Extensor  longus  digitorum,  is  inserted  into  the  dorsal 
surface  of  the  base  of  the  metatarsal  bone  of  the  little  toe,  on  its  inner  side.  This 
muscle  is  sometimes  wanting. 

Nerves. — These  muscles  are  supplied  by  the  anterior  tibial  nerve. 

Actions. — The  Tibialis  anticus  and  Peroneus  tertius  are  the  direct  flexors  of 
the  tarsus  upon  the  leg ;  the  former  muscle,  from  the  obliquity  in  the  direction  of 
its  tendon,  raises  the  inner  border  of  the  foot ;  and  the  latter,  acting  with  the 
Peroneus  brevis  and  longus,  draws  the  outer  border  of  the  foot  upward  and 
the  sole  outward.  The  Extensor  longus  digitorum  and  Extensor  proprius  hallucis 
extend  the  phalanges  of  the  toes,  and,  continuing  their  action,  flex  the  tarsus 
upon  the  leg.  Taking  their  fixed  point  from  below^  in  the  erect  posture,  all  these 
muscles  serve  to  fix  the  bones  of  the  leg  in  the  perpendicular  position  and  give 
increased  strength  to  the  ankle-joint. 

Posterior  Tibio-flbular  Region. 

Dissection  (Fig.  328). — Make  a  vertical  incision  along  the  middle  line  of  the  back  of  the 
leg,  from  the  lower  part  of  the  popliteal  space  to  the  heel,  connecting  it  below  by  a  transveise 
incision  extending  between  the  two  malleoli ;  the  flaps  of  integument  being  removed,  the  fascia 
and  muscles  should  be  examined. 

The  muscles  in  this  region  of  the  leg  are  subdivided  into  two  layers — super- 
ficial and  deep.  The  superficial  layer  constitutes  a  powerful  muscular  mass, 
forming  the  calf  of  the  leg.  Their  large  size  is  one  of  the  most  characteristic 
features  of  the  muscular  apparatus  in  man,  and  bears  a  direct  connection  with  his 
ordinary  attitude  and  mode  of  progression. 

Superficial  Layer. 

Gastrocnemius.  Soleus.  Plantaris. 

The  Gastrocnemius  is  the  most  superficial  muscle,  and  forms  the  greater  part 
of  the  calf.  It  arises  by  two  heads,  which  are  connected  to  the  condyles  of 
the  femur  by  two  strong  flat  tendons.  The  inner  head,  the  larger  and  a  little 
the  more  posterior,  arises  from  a  depression  at  the  upper  and  back  part  of  the 
inner  condyle.  The  outer  head  arises  from  the  upper  and  back  part  of  the 
external  condyle,  immediately  above  the  origin  of  the  Popliteus.  Both  heads,  also, 
arise  by  a  few  tendinous  and  fleshy  fibres  from  the  ridges  which  are  continued 
upward  from  the  condyles  to  the  linea  aspera.  Each  tendon  spreads  out  into  an 
aponeurosis  which  covers  the  posterior  surface  of  that  portion  of  the  muscle  to 
which  it  belongs,  that  covering  the  inner  head  being  longer  and  thicker  than 
the  outer.  From  the  anterior  surface  of  these  tendinous  expansions  muscular 
fibres  are  given  off".     The  fibres  in  the  median  line,   which  correspond   to    the 
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accessory  portions  of  the  muscle  derived  from  the  bifurcations  of  the  linea  aspera, 

unite  at  an  angle  upon  a  median  tendinous 

raphe  below:  the  remaining  fibres  converge 

to  the  posterior  surface  of  an   aponeurosis 

which    covers   the   anterior   surface   of  the 

muscle,    and    this,    gradually    contracting, 

unites  with  the  tendon   of  the   Soleus,   and 

forms  with  it  the  tendo  Achillis. 

Relations. — By  its  superficial  surface, 
with  the  fascia  of  the  leg,  which  separates 
it  from  the  external  saphenous  vein  and 
nerve;  by  its  deep  surface,  with  the  posterior 
ligament  of  the  knee-joint,  the  Popliteus, 
Soleus,  Plantaris.  popliteal  vessels,  and  in- 
ternal popliteal  nerve.  The  tendon  of  the 
inner  head  corresponds  with  the  back  part 
of  the  inner  condyle,  from  which  it  i a  sepa- 
rated by  a  synovial  bursa,  which,  in  some 
cases,  communicates  with  the  cavity  of  the 
knee-joint.  The  tendon  of  the  outer  head 
contains  a  sesamoid  fibro-cartilage  (rarely 
osseous)  where  it  plays  over  the  correspond- 
ing outer  condyle ;  and  one  is  occaa' 
found  in  the  tendon  of  the  inner  head. 

The  Gastrocnemius  should  be  divided  across, 
just  below  its  origin,  and  turned  downward,  in  order 
to  expose  the  nest  muscles. 

The  Soleus  is  a  broad  flat  muscle  situated 
immediately  beneath  the  Gastrocnemius.  It 
has  received  its  name  from  its  resemblance 
in  shape  to  a  sole-fiah.  It  arises  by  ten- 
dinous fibres  from  the  back  part  of  the  head 
of  the  fibula  and  from  the  upper  third  of  the 
posteriorsurface  of  its  shaft;  from  the  oblique 
line  of  the  tibia  and  from  the  middle  third 
of  its  internal  border;  some  fibres  also  arise 
from  a  tendinous  arch  placed  between  the 
tibial  and  fibular  origins  of  the  muscle,  be- 
neath which  the  posterior  tibial  vessels  and 
nerve  pass.     The  fibres  pass  backward  to  an 

aponeurosis  which  covers  the  posterior  sur-  uitf 

face  of  the  muscle,  and   this,  gradually  be-  lonau* 

coming  thicker  and  narrower,  joins  with  the  "!'' 

tendon  of  the  Gastrocnemius,  and  forms  with 
it  the  tendo  Achillis. 

Belations. — By  its  tuperfi^tial  surface ^ 
with   the   Gastrocnemius  and  Plantaris;  by 

its    deep   surface,    with    the    Flexor    longus     supiifld^i^cr""^'*^  "' ""^ '""'' ""^  "" '^* 
digitorum.  Flexor  longus   hallucis.  Tibialis 

posticus,  and  posterior  tibial  vessels  and  nerve,  from  which  it  is  separated  by  the 
transverse  intermuscular  septum  or  deep  transverse  fascia  of  the  leg. 

The  Tendo  Achillis,  the  common  tendon  of  the  Gastrocnemius  and  Soleus.  is 
the  thickest  and  strongest  tendon  in  the  body.  It  is  about  six  inches  in  length, 
and  commences  about  the  middle  of  the  leg,  but  receives  fleshy  fibres  on  its 
anterior  surface  nearly  to  its  lower  end.  Gradually  becoming  contracted  below,  it 
is  inserted  into  the  lower  part  of  the  posterior  surface  of  the  os  calcis,  a  synovial 
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membrane.  It  then  passes  obliquely  forward  and  outward,  crossing  over  the 
internal  lateral  ligament  into  the  sole  of  the  foot  (Fig.  334),  where,  crossing 
superficially  to  the  tendon  of  the  Flexor  longus  hallucis,^  to  which  it  is  connected 
by  a  strong  tendinous  slip,  it  becomes  expanded,  is  joined  by  the  Flexor  acces- 
sorius,  and  finally  divides  into  four  tendons  which  are  inserted  into  the  bases 
of  the  last  phalanges  of  the  four  lesser  toes,  each  tendon  passing  through  a  fissure 
in  the  tendon  of  the  Flexor  brevis  digitorum  opposite  the  base  of  the  first 
phalanges. 

Relations. — In  the  leg :  by  its  superficial  surface^  with  the  posterior  tibial 
vessels  and  nerve,  and  the  deep  transverse  fascia,  which  separates  it  from  the 
Soleus  muscle ;  by  its  derp  surface,  with  the  Tibia  and  Tibialis  posticus.  I?i  the 
foot  it  is  covered  by  the  Abductor  hallucis  and  Flexor  brevis  digitorum,  and 
crosses  superficial  to  the  Flexor  longus  hallucis. 

The  Tibialis  posticus  lies  between  the  two  preceding  muscles,  and  is  the  most 
deeply  seated  of  all  the  muscles  in  the  leg.  It  commences  above  by  two  pointed 
processes,  separated  by  an  angular  interval,  through  which  the  anterior  tibial 
vessels  pass  forward  to  the  front  of  the  leg.  It  arises  from  the  whole  of  the 
posterior  surface  of  the  interosseous  membrane,  excepting  its  lowest  part,  from 
the  posterior  surface  of  the  shaft  of  the  tibia,  external  to  the  Flexor  longus 
digitorum,  between  the  commencement  of  the  oblique  line  above,  and  the  middle 
of  the  external  border  of  the  bone  below,  and  from  the  upper  two-thirds  of  the 
internal  surface  of  the  fibula ;  some  fibres  also  arise  from  the  deep  transverse 
fascia  and  from  the  intermuscular  septa,  separating  it  from  the  adjacent  muscles 
on  each  side.  This  muscle,  in  the  lower  fourth  of  the  leg,  passes  in  front  of  the 
Flexor  longus  digitorum,  and  terminates  in  a  tendon  which  passes  through  a 
groove  behind  the  inner  malleolus  with  the  tendon  of  that  muscle,  but  enclosed  in 
a  separate  sheath ;  it  then  passes  through  another  sheath,  over  the  internal  lateral 
ligament  into  the  foot,  and  then  beneath  the  inferior  calcaneo-navicular  ligament, 
and  is  inserted  into  the  tuberosity  of  the  navicular  and  internal  cuneiform  bones. 
The  tendon  of  this  muscle  contains  a  sesamoid  fibro-cartilage  as  it  passes  over  the 
navicular  bone,  and  gives  off  fibrous  expansions,  one  of  which  passes  backward  to 
the  sustentaculum  tali  of  the  os  calcis,  others  outward  to  the  middle  and  external 
cuneiform  and  cuboid,  and  some  forward  to  the  bases  of  the  second,  third,  and 
fourth  metatarsal  bones  (Fig.  335). 

Relations. — By  its  superficial  surface,  with  the  Soleus,  from  which  it  is 
separated  by  the  deep  transverse  fascia,  the  Flexor  longus  digitorum,  the  posterior 
tibial  vessels  and  nerve,  and  the  peroneal  vessels ;  by  its  deep  surface,  with  the 
interosseous  ligament,  the  tibia,  fibula,  and  ankle-joint. 

Nerves. — The  Popliteus  is  supplied  by  the  internal  popliteal  nerve,  the 
remaining  muscles  of  this  group  by  the  posterior  tibial  nerve. 

Actions. — The  Popliteus  assists  in  flexing  the  leg  upon  the  thigh ;  when  the 
leg  is  flexed  it  will  rotate  the  tibia  inward.  It  is  especially  called  into  action  at 
the  commencement  of  the  act  of  bending  the  knee,  inasmuch  as  it  produces  a 
slight  inward  rotation  of  the  tibia,  which  is  essential  in  the  early  stage  of  this 
movement.  The  Tibialis  posticus  is  a  direct  extensor  of  the  tarsus  upon  the  leg ; 
acting  in  conjunction  with  the  Tibialis  anticus,  it  turns  the  sole  of  the  foot  inward, 
antagonizing  the  Peroneus  longus,  which  turns  it  outward.  The  Flexor  longus 
digitorum  and  Flexor  longus  hallucis  are  the  direct  Flexors  of  the  phalanges,  and, 
continuing  their  action,  extend  the  foot  upon  the  leg;  they  assist  the  Gastro- 
cnemius and  Soleus  in  extending  the  foot,  as  in  the  act  of  walking  or  in  standing 
on  tiptoe. 

In  consequence  of  the  oblique  direction  of  the  tendon  of  the  long  flexor  the  toes 
would  be  drawn  inward  were  it  not  for  the  Flexor  accessorius  muscle,  which  is 
inserted  into  the  outer  side  of  its  tendon  and  draws  it  to  the  middle  line  of  the  foot 
during  its  action.  Taking  their  fixed  point  from  the  foot,  these  muscles  serve  to 
maintain  the  upright  posture  by  steadying  the  tibia  and  fibula  perpendicularly 

*  That  is,  in  the  order  of  dissection  of  the  sole  of  the  foot 
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external  setnilun&r  fibro-cartilage,  and  is  invested  by  the  synovial  membrane 
of  the  knee-joint. 

Selatioss. — By  its  superficial  surface,  with  the  fascia  above  mentioned,  which 
separates  it  from  the  Gastrocnemius,  Plantaris,  popliteal 
vessels,  and  internal  popliteal  nerve;  by  its  deep  sur- 
face,  with  the   superior  tibio-fibiilar   articulation   and 
back  of  the  tibia. 

The  nexor  longua  ballncis  is  situated  on  the  fibular 
side  of  the  leg,  and  is  the  most  superficial  and  largest 
of  the  next  three  muscles.  It  arises  from  the  lower 
two-thirds  of  the  posterior  surface  of  the  shaft  of  the 
fibula,  with  the  exception  of  an  inch  at  its  lowest 
part;  from  the  lower  part  of  the  interosseous  mem- 
brane; from  an  intermuscular  septum  between  it 
and  the  Peronei,  externally;  and  from  the  fascia 
covering  the  Tibialis  posticus,  which  is  attached  to 
the  inner  border  of  the  fibula  externally  and  to 
the  posterior  surface  of  the  tibia  between  the 
origins  of  the  Tibialis  posticus  and  the  Flexor  longus 
digitorum,  internally.  The  fibres  pass  obliquely 
downward  and  backward,  and  terminate  round  a 
tendon  which  occupies  nearly  the  whole  length  of 
the  posterior  surface  of  the  muscle.  This  tendon 
passes  through  a  groove  on  the  posterior  surface  of 
the  tibia ;  it  then  passes  through  another  groove  on 
the  posterior  surface  of  the  astragalus,  and  along 
a  third  groove,  beneath  the  sustentaculum  tali  of 
the  OS  calcis,  into  the  sole  of  the  foot,  where  it  runs 
forward  between  the  two  heads  of  the  Flexor  brevis 
hallucis,  and  is  inserted  into  the  base  of  the  last 
phalanx  of  the  great  toe.  The  grooves  in  the 
astragalus  and  os  calcis,  which  contain  the  tendon 
of  the  muscle,  are  converted  by  tendinous  fibres 
into  distinct  canals  lined  by  synovial  membrane; 
and  as  the  tendon  crosses  the  sole  of  the  foot, 
it  is  connected  to  the  common  flexor  by  a  tendinous 
slip. 

Belations. — By  its  »nperficial  surface,  with  the 
Soleus  and  tendo  Achillis,  from  which  it  is  sepa- 
rated by  the  deep  transverse  fascia ;  by  its  deep  sur- 
face, with  the  fibula,  Tibialis  posticus,  the  peroneal 
vessels,  the  lower  part  of  the  interosseous  membrane, 
and  the  ankle-joint;  by  its  outer  border,  with  the 
Peronei ;  by  its  inner  border,  with  the  Tibialis 
posticus  and  posterior  tibial  vessels  and  nerve. 

The  Flexor  longus  diKitomm  ( perforans)  is  situated 
on  the  tibial  side  of  the  leg.  At  its  origin  it  is  thin 
and  pointed,  but  gradually  increases  in  size  as  it 
descends.  It  arises  from  tlie  posterior  surface  of  the 
shaft  of  the  tibia,  immediately  below  the  oblique  line,  to 
within  three  inches  of  its  extremity  internal  to  the 
tibial  origin  of  the  Tibialis  posticus ;   some  fibres  also     ,.     P'o.  33j,— Muscles  of  ihe 

-       "  ,       p        .  ',       n,-,  -    1.  no  back  of  Ihe  leg.    Dkbd  layer. 

arise  irom  the  lascia  covermg  the  libialis  posticus.     1  be 

fibres  terminate  in  a  tendon  which  runs  nearly  the  whole  length  of  the  posterior 
surface  of  the  muscle.  This  tendon  passes  behind  the  internal  malleolus  in  a  groove 
common  to  it  and  the  Tibialis  posticus,  but  separated  from  the  tatter  by  a  fibrous 
septum,  each  tendon  being  contained  in  a  special  sheath  lineil  by  a  separate  synovial 
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tendency  of  the  superincumbent  weight  is  to  throw  the  leg  inward :  the  Peroneus 
longus  overcomes  this  tendency  by  drawing  on  the  outer  side  of  the  leg,  and  thus 
maintains  the  perpendicular  direction  of  the  limb. 

Surgical  Anatomy.— The  student  should  now  consider  the  position  of  the  tendons  of  the 
various  muscles  of  the  leg,  their  relation  with  the  ankle-joint  and  surrounding  blood-vessels,  and 
especially  their  action  upon  the  foot,  as  their  rigidity  and  contraction  give  rise  to  one  or  other  of 
the  kinds  of  deformity  known  as  dvb-foot  The  most  simple  and  common  deformity,  and  one 
that  is  rarelv,  if  ever,  congenital,  is  the  talipes  equxnus^  the  heel  being  raised  bv  rigidity  and  con- 
traction of  the  Gastrocnemius  muscle,  and  the  patient  walking  upon  the  ball  or  the  foot.  In  the 
talwes  varus  the  foot  is  forcibly  adducted  and  the  intier  side  of  the  sole  raised,  sometimes  to  a 
rignt  an^le  with  the  ground,  by  the  action  of  the  Tibialis  anticus  and  posticus.  In  the  talipes 
yalgits  the  outer  edge  of  the  foot  is  raised  by  the  Peronei  muscles,  and  the  patient  walks  on  the 
inner  ankle.  In  the  talipes  calcaneus  the  toes  are  raised  by  the  extensor  muscles,  the  heel  is 
depressed,  and  the  patient  walks  upon  it  Other  varieties  of  deformity  are  met  with,  as  the 
talipes  equino-varusj  equinchvalgus,  and  calcaneo-valgus^  whose  names  sufficiently  indicate  their 
nature.  Of  these,  the  talipes  equino-varus  is  the  most  common  congenital  form  :  the  heel  is 
raised  by  the  tendo  Achillis,  the  inner  border  of  the  foot  drawn  upward  by  the  Tibialis  anticus, 
the  anterior  two-thirds  twisted  inward  by  the  Tibialis  posticus,  and  the  arch  increased  by  the 
contraction  of  the  olantar  fascia,  so  that  the  patient  walks  on  the  middle  of  the  outer  border  of 
the  foot.  Each  oi  these  deformities  may  be  successfully  relieved  (after  other  remedies  fail)  by 
division  of  the  opposing  tendons  and  fascia :  by  this  means  the  foot  regains  its  proper  position, 
and  the  tendons  heal  hv  the  organization  of  lymph  thrown  out  between  the  divided  enas.  The 
operation  is  easily  performed  by  putting  the  contracted  tendon  upon  the  stretch,  and  dividing 
it  by  means  of  a  narrow,  sharp-pointed  knife  inserted  beneath  it. 

Rupture  of  a  few  of  the  fibres  of  the  Ghistrocnemius  or  rupture  of  the  Plantaris  tendon  not 
uncommonly  occurs,  especially  in  men  somewhat  advanced  in  fife,  from  some  sudden  exertion, 
and  frequently  occurs  auring  the  game  of  lawn  tennis,  and  is  hence  known  as  'Mawn- tennis  leg." 
The  accident  is  accompanied  by  a  sudden  pain,  and  produces  a  sensation  as  if  the  individual  had 
been  struck  a  violent  blow  on  the  part  The  tendo  Achillis  is  also  sometimes  ruptured.  It  is 
stated  that  John  Hunter  rupturea  his  tendo  Achillis  whilst  dancing  at  the  age  of  forty. 

THE  FOOT. 

The  fibrous  bands  which  bind  down  the  tendons  in  front  of  and  behind  the  ankle  in  their 
passage  to  the  foot  should  now  be  examined ;  they  are  tenncd  the  annular  ligaments^  and  are 
three  in  number — anterior,  internal,  and  external 

The  Anterior  Annular  Ligament  consists  of  a  superior  or  vertical  portion, 
which  binds  down  the  extensor  tendons  as  they  descend  on  the  front  of  the  tibia 
and  fibula,  and  an  inferior  or  horizontal  portion,  which  retains  them  in  connection 
with  the  tarsus,  the  two  portions  being  connected  by  a  thin  intervening  layer  of 
fascia.  The  vertical  portion  is  attached  externally  to  the  lower  end  of  the  fibula, 
internally  to  the  tibia,  and  above  is  continuous  with  the  fascia  of  the  leg;  it  con- 
tains only  one  synovial  sheath,  for  the  tendon  of  the  Tibialis  anticus,  the  other 
tendons  and  the  anterior  tibial  vessels  and  nerve  passing  beneath  it,  but  without 
any  distinct  synovial  sheath.  The  horizontal  portion  is  attached  externally  to  the 
upper  surface  of  the  os  calcis.  in  front  of  the  depression  for  the  interosseous 
ligament ;  it  passes  upward  and  inward  as  a  double  layer,  one  lamina  passing  in 
front,  and  the  other  behind,  the  Peroneus  tertius  and  Extensor  longus  digitorum. 
At  the  inner  border  of  the  latter  tendon  these  two  layers  join  together,  forming  a 
sort  of  loop  or  sheath  in  which  the  tendons  are  enclosed,  surrounded  by  a  synovial 
membrane.  From  the  inner  extremity  of  this  loop  two  bands  are  given  off:  one 
passes  upward  and  inward  to  be  attached  to  the  internal  malleolus,  passing  over 
the  Extensor  proprius  hallucis  and  vessels  and  nerves,  but  enclosing  the  Tibialis 
anticus  and  its  synovial  sheath  by  a  splitting  of  its  fibres.  The  other  limb  passes 
downward  and  inward  to  be  attached  to  the  navicular  and  internal  cuneiform 
bones,  and  passes  over  both  the  tendon  of  the  Extensor  proprius  hallucis  and  the 
Tibialis  anticus,  and  also  the  vessels  and  nerves.  These  two  tendons  are  contained 
in  separate  synovial  sheaths  situated  beneath  the  ligament.  It  will  thus  be  seen 
that  the  horizontal  portion  of  the  ligament  is  like  the  letter  Y»  the  foot  of  the  letter 
being  attached  to  the  os  calcis,  and  the  two  diverging  arms  to  the  tibia  and  navic- 
ular and  internal  cuneifonn  respectively. 

The  Internal  Annular  Ligament  is  a  strong  fibrous  band  which  extends  from 
the  inner  malleolus  above  to  the  internal  margin  of  the  os  calcis  below,  converting 
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a  series  of  grooves  in  this  situation  into  canals  for  the  passage  of  the  tendons  of 
the  Flexor  muscles  and  vessels  into  the  sole  of  the  foot.  It  is  continuous  by  its 
upper  border  with  the  deep  fascia  of  the  leg,  and  by  its  lower  border  with  the 
plantar  fascia  and  the  fibres  of  origin  of  the  Abductor  hallucis  muscle.  The  three 
canals  which  it  forms  transmit,  from  within  outward,  first,  the  tendon  of  the  Tibi- 
alis posticus ;  second,  the  tendon  of  the  Flexor  longus  digitorum  ;  then  the  pos- 
terior tibial  vessels  and  nerve,  which  run  through  a  broad  space  beneath  the  liga- 
ment ;  lastly,  in  a  canal  formed  partly  by  the  astragalus,  the  tendon  of  the  Flexor 
longus  hallucis.  Each  of  these  canals  is  lined  by  a  separate  synovial  membrane. 
The  External  Annular  Ligament  extends  from  the  extremity  of  the  outer  mal- 
leolus to  the  outer  surface  of  the  os  calcis  :  it  binds  down  the  tendons  of  the  Pero- 
nei  muscles  in  their  passage  beneath  the  outer  ankle.  The  two  tendons  are 
enclosed  in  one  synovial  sac. 

Dissection  of  the  Sole  of  the  Foot. — ^The  foot  should  be  placed  on  a  high  block  with  the 
sole  uppermost,  and  firmly  secured  in  that  position.  Carry  an  incision  round  tne  heel  and  along 
the  inner  and  outer  borders  of  the  foot  to  the  great  and  little  toes.  This  incision  should  divide 
the  interment  and  thick  layer  of  granular  fat  beneath  until  the  fascia  is  visible ;  the  skin  and 
fat  should  then  be  removed  from  t£e  fascia  in  a  direction  from  behind  forward,  as  seen  in  Fig. 
328. 

The  Plantar  Fascia,  the  densest  of  all  the  fibrous  membranes,  is  of  great  strength, 
and  consists  of  dense  pearly-white  glistening  fibres,  disposed,  for  the  most  part, 
longitudinally :  it  is  divided  into  a  central  and  two  lateral  portions. 

The  central  portion^  the  thickest,  is  narrow  behind  and  attached  to  the  inner 
tubercle  of  the  os  calcis,  behind  the  origin  of  the  Flexor  brevis  digitorum,  and, 
becoming  broader  and  thinner  in  front,  divides  near  the  heads  of  the  metatarsal 
bones  into  five  processes,  one  for  each  of  the  toes.  Each  of  these  processes  divides 
opposite  the  metatarso-phalangeal  articulation  into  two  strata,  superficial  and  deep. 
The  superficial  stratum  is  inserted  into  the  skin  of  the  transverse  sulcus  which 
divides  the  toes  from  the  sole.  The  deeper  stratum  divides  into  two  slips  which 
embrace  the  sides  of  the  flexor  tendons  of  the  toes,  and  blend  with  the  sheaths  of 
the  tendons,  and  laterally  with  the  transverse  metatarsal  ligament,  thus  forming  a 
series  of  arches  through  which  the  tendons  of  the  short  and  long  flexors  pass  to 
the  toes.  The  intervals  left  between  the  five  processes  allow  the  digital  vessels  and 
nerves  and  the  tendons  of  the  Lumbricales  muscles  to  become  superficial.  At  the 
point  of  division  of  the  fascia  into  processes  and  slips  numerous  transverse  fibres 
are  superadded,  which  serve  to  increase  the  strength  of  the  fascia  at  this  part  by 
binding  the  processes  together  and  connecting  them  with  the  integument.  The 
central  portion  of  the  plantar  fascia  is  continuous  with  the  lateral  portions  at  each 
side,  and  sends  upward  into  the  foot,  at  their  point  of  junction,  two  strong  vertical 
intermuscular  septa,  broader  in  front  than  behind,  which  separate  the  middle  from 
the  external  and  internal  plantar  group  of  muscles ;  from  these,  again,  thinner 
transverse  septa  are  derived,  which  separate  the  various  layers  of  muscles  in  this 
region.  The  upper  surface  of  this  fascia  gives  attachment  behind  to  the  Flexor 
brevis  digitorum  muscle. 

The  lateral  portions  of  the  plantar  fascia  are  thinner  than  the  central  piece,  and 
cover  the  sides  of  the  foot. 

The  outer  portion  covers  the  under  surface  of  the  Adductor  minimi  digiti ;  it  is 
thick  behind,  thin  in  front,  and  extends  from  the  os  calcis,  forward,  to  the  base  of 
the  fifth  metatarsal  bone,  into  the  outer  side  of  which  it  is  attached ;  it  is  con- 
tinuous internally  with  the  middle  portion  of  the  plantar  fascia,  and  externally 
with  the  dorsal  fascia. 

The  inner  portion  is  very  thin,  and  covers  the  Abductor  hallucis  muscle  ;  it  is 
attached  behind  to  the  internal  annular  ligament,  and  is  continuous  around  the 
side  of  the  foot  with  the  dorsal  fascia,  and  externally  with  the  middle  portion  of 
the  plantar  fascia. 

The  Muscles  of  the  Foot  are  found  in  two  regions :  1.  On  the  dorsum ;  2.  On 
the  plantar  surface. 
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1.  Dorsal  Region. 

Extensor  brevis  digitorum. 

The  Fascia  on  the  dorsum  of  the  foot  is  a  thin  membranous  layer  continuous 
above  with  the  anterior  margin  of  the  annular  ligament ;  it  becomes  gradually 
lost  opposite  the  heads  of  the  metatarsal  bones,  and  on  each  side  blends  with  the 
lateral  portions  of  the  plantar  fascia ;  it  forms  a  sheath  for  the  tendons  placed  on 
the  dorsum  of  the  foot.  On  the  removal  of  this  fascia  the  muscles  and  tendons  of 
the  dorsal  region  of  the  foot  are  exposed. 

The  Extensor  brevis  digitorum  (Fig.  330)  is  a  broad  thin  muscle  which  arises 
from  the  fore  part  of  the  upper  and  outer  surfaces  of  the  os  calcis,  in  front  of  the 
groove  for  the  Peroneus  brevis,  from  the  external  calcaneo-astragaloid  ligament, 
and  from  the  horizontal  portion  of  the  anterior  annular  ligament.  It  passes 
obliquely  across  the  dorsum  of  the  foot,  and  terminates  in  four  tendons.  The 
innermost,  which  is  the  largest,  is  inserted  into  the  dorsal  surface  of  the  base  of 
the  first  phalanx  of  the  great  toe,  crossing  the  Dorsalis  pedis  artery ;  the  other 
three,  into  the  outer  sides  of  the  long  extensor  tendons  of  the  second,  third,  and 
fourth   toes. 

Relations. — By  its  superficial  surface^  with  the  fascia  of  the  foot,  the  tendons 
of  the  Extensor  longus  digitorum  and  Extensor  proprius  hallucis ;  by  its  deep 
surface^  with  the  tarsal  and  metatarsal  bones  and  the  Dorsal  interossei  muscles. 

Nerves. — It  is  supplied  by  the  anterior  tibial  nerve. 

Actions. — The  Extensor  brevis  digitorum  is  an  accessory  to  the  long  Extensor, 
extending  the  phalanges  of  the  four  inner  toes,  but  acting  only  on  the  first  phalanx 
of  the  great  toe.  The  obliquity  of  its  direction  counteracts  the  oblique  movement 
given  to  the  toes  by  the  long  Extensor,  so  that,  both  muscles  acting  together,  the 
toes  are  evenly  extended. 

2.  Plantar  Region. 

The  muscles  in  the  plantar  region  of  the  foot  may  be  divided  into  three  groups, 
in  a  similar  manner  to  those  in  the  hand.  Those  of  the  internal  plantar  region 
are  connected  with  the  great  toe,  and  correspond  with  those  of  the  thumb ;  those 
of  the  external  plantar  region  are  connected  with  the  little  toe,  and  correspond 
with  those  of  the  little  finger ;  and  those  of  the  middle  plantar  region  are  con- 
nected with  the  tendons  intervening  between  the  two  former  groups.  But  in  order 
to  facilitate  the  dissection  of  these  muscles  it  will  be  found  more  convenient  to 
divide  them  into  four  layers,  as  they  present  themselves,  in  the  order  in  w^hich 
they  are  successively  exposed. 

First  Layer. 

Abductor  hallucis.  Flexor  brevis  digitorum. 

Abductor  minimi  digiti. 

Dissection.— Remove  the  fascia  on  the  inner  and  outer  sides  of  the  foot,  commencing  in 
front  over  the  tendons  and  proceeding  backward.  The  central  portion  should  be  divided  trans- 
versely in  the  middle  of  the  foot,  and  the  two  flaps  dissected  forward  and  backward. 

The  Abductor  haUucis  lies  along  the  inner  border  of  the  foot.  It  arises  from 
the  inner  tubercle  on  the  under  surface  of  the  os  calcis ;  from  the  internal  annular 
ligament ;  from  the  planta,r  fascia ;  and  from  the  intermuscular  septum  between  it 
and  the  Flexor  brevis  digitorum.  The  fibres  terminate  in  a  tendon  which  is 
inserted,  together  with  the  innermost  tendon  of  the  Flexor  brevis  hallucis,  into 
the  inner  side  of  the  base  of  the  first  phalanx  of  the  great  toe. 

Relations. — By  its  superficial  surface^  with  the  plantar  fascia;  by  its  deep  sur- 
face, with  the  Flexor  brevis  hallucis,  the  Flexor  accessorius,  and  the  tendons  of 
the  Flexor  longus  digitorum  and  Flexor  longus  hallucis,  the  Tibialis  anticus  and 
posticus,  the  plantar  vessels  and  nerves,  and  the  articulations  of  the  tarsus. 

The  Flexor  brevis  digitorum  (perforatus)  lies  in  the  middle  of  the  sole  of  the 
foot,  immediately  beneath^  the  plantar  fascia,  with  which  it  is  firmly  united.      It 

^  That  is,  in  order  of  dissection  of  the  sole  of  the  foot 


OF   THE  FOOT.  533 

arises  by  &  narrow  tendinous  process,  from  the  inner  tubercle  of  the  os  calcis, 

from    the    centra]    part    of    the   plantar   fascia,   and   from    the    intermuscular 

Bepta  between   it  and  the   adjacent    muscles. 

It  passes  forward,  and  divides  into  four  tendons. 

Opposite  the  bases  of  the  first  phalanges  each 

tendon  divides  into  two  slips,  to  allow  of  the 

passage  of  the  corresponding   tendon   of  the 

Flexor  longus  digitorum  ;  the  two  portions  of 

the    tendon  then  unite  and   form    a    grooved 

channel  for  the  reception  of  the  accompanying 

long   flexor   tendon.     Finally,   they   divide  a 

second  time,  to  be  inserted  into  the  sides  of 

tbe    second   phalanges    about    their    middle. 

The   mode  of  division  of  the   tendons   of  the 

Flexor   brevis  digitorum  and   their  insertion 

into  the  phalanges  is  analogous  to  the  Flexor 

sublimis  in  the  hand. 

Relations.— By  its  superficial  surface,  with 
the  plantar  fascia;  by  its  deep  surface,  with 
the  Flexor  accessorius,  the  Lumbricales,  the 
tendons  of  the  Fle.tor  longus  digitorum,  and 
the  external  plantar  vessels  and  nerve,  from 
vhich  it  is  separated  by  a  thin  layer  of  fascia. 
The  outer  and  inner  borders  are  separated  from 
the  adjacent  muscles  by  means  of  vertical  pro- 
longations of  the  plantar  fascia. 

Fibrous  SheathB  of  tlia  Flexor  Tendons. — 
These  are  not  so  well  marked  as  in  the  fingers. 
The  flexor  tendons  of  tbe  toes  as  they  run 
along  ihe  phalanges  are  retained  against  the 
bnnes  by  a  fibrous  sheath,  forming  osseo-apo- 
Deurotic  canals.  These  sheaths  are  formed 
by  strong  fibrous  bauds  which  arch  across  the 
tendons  and  are  attached  on  each  side  to  the 
margins  of  the  phalanges.  Opposite  the 
middle  of  the  proximal  and  second  phalanges 
the  sheath  is  very  strong,  and  the  fibres  pass 
transversely,  but  opposite  the  joints  it  is  much 
thinner,  and  tbe  fibres  pass  obliquely-  Each 
sbeath  is  lined  by  a  synovial  membrane  which 
ia  reflected  on  the  contained  tendon.  F^  333.-Mu»cii!a  of  the  eok  of  the  foot. 

The  Abductor  ™'"iTni  digiti  lies  along  the 
oaier  border  of  the  foot.  It  arises,  by  a  very  broad  origin,  from  the  outer  tuber- 
cle of  tbe  08  calcis,  from  the  under  surface  of  the  os  calcis  in  front  nf  both  tuber- 
cles, from  the  fore  part  of  the  inner  tubercle,  from  the  plantar  fascia  and  the 
intermuscular  septum  between  it  and  the  Flexor  brevis  digitorum.  Its  tendon, 
after  gliding  over  a  smooth  facet  on  the  under  surface  of  the  base  of  the  fifth 
metatarsal  bone,  is  inserted  with  the  short  Flexor  of  the  little  toe  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

Belations.— By  its  superficial  surface,  with  tbe  plantar  fascia ;  by  its  deep  sur- 
face, with  the  Flexor  accessorius,  the  Flexor  brevis  minimi  digiti,  the  long  plantar 
ligament,  and  the  tendon  of  the  Peroneus  longus.  On  its  inner  side  are  the 
external  plantar  vessels  and  nerve,  and  it  is  separated  from  the  Flexor  brevis 
digitorum  by  a  vertical  septum  of  fascia. 

Dissection. — The  muscles  of  the  superficial  layer  should  lie  divided  at  their  origin  by  insert- 
inii  the  knife  beneath  each,  and  cutting  obliquely  backward,  so  as  to  detach  them  from  the 
bone;  they  should  then  he  drawn  forward,  in  order  to  espose  the  seconj  layer,  but  not  cut 
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1.  Dorsal  Region. 

Extensor  brevis  digitorum. 

The  Fascia  on  the  dorsum  of  the  foot  is  a  thin  membranous  layer  continuous 
above  with  the  anterior  margin  of  the  annular  ligament ;  it  becomes  gradually 
lost  opposite  the  heads  of  the  metatarsal  bones,  and  on  each  side  blends  with  the 
lateral  portions  of  the  plantar  fascia ;  it  forms  a  sheath  for  the  tendons  placed  on 
the  dorsum  of  the  foot.  On  the  removal  of  this  fascia  the  muscles  and  tendons  of 
the  dorsal  region  of  the  foot  are  exposed. 

The  Extensor  brevis  digitorum  (Fig.  330)  is  a  broad  thin  muscle  which  arises 
from  the  fore  part  of  the  upper  and  outer  surfaces  of  the  os  calcis,  in  front  of  the 
groove  for  the  Peroneus  brevis,  from  the  external  calcaneo-astragaloid  ligament, 
and  from  the  horizontal  portion  of  the  anterior  annular  ligament.  It  passes 
obliquely  across  the  dorsum  of  the  foot,  and  terminates  in  four  tendons.  The 
innermost,  which  is  the  largest,  is  inserted  into  the  dorsal  surface  of  the  base  of 
the  first  phalanx  of  the  great  toe,  crossing  the  Dorsalis  pedis  artery  ;  the  other 
three,  into  the  outer  sides  of  the  long  extensor  tendons  of  the  second,  third,  and 
fourth    toes. 

Relations. — By  its  superficial  surface^  with  the  fascia  of  the  foot,  the  tendons 
of  the  Extensor  longus  digitorum  and  Extensor  proprius  hallucis ;  by  its  (hep 
surface^  with  the  tarsal  and  metatarsal  bones  and  the  Dorsal  interossei  muscles. 

Nerves. — It  is  supplied  by  the  anterior  tibial  nerve. 

Actions. — The  Extensor  brevis  digitorum  is  an  accessory  to  the  long  Extensor, 
extending  the  phalanges  of  the  four  inner  toes,  but  acting  only  on  the  first  phalanx 
of  the  great  toe.  The  obliquity  of  its  direction  counteracts  the  oblique  movement 
given  to  the  toes  by  the  long  Extensor,  so  that,  both  muscles  acting  together,  the 
toes  are  evenly  extended. 

2.  Plajitar  Region. 

The  muscles  in  the  plantar  region  of  the  foot  may  be  divided  into  three  groups, 
in  a  similar  manner  to  those  in  the  hand.  Those  of  the  internal  plantar  region 
are  connected  with  the  great  toe,  and  correspond  with  those  of  the  thumb  ;  those 
of  the  external  plantar  region  are  connected  with  the  little  toe,  and  correspond 
with  those  of  the  little  finger ;  and  those  of  the  middle  plantar  region  are  con- 
nected with  the  tendons  intervening  between  the  two  former  groups.  But  in  order 
to  facilitate  the  dissection  of  these  muscles  it  will  be  found  more  convenient  to 
divide  them  into  four  layers,  as  they  present  themselves,  in  the  order  in  which 
they  are  successively  exposed. 

First  Layer, 

Abductor  hallucis.  Flexor  brevis  digitorum. 

Abductor  minimi  digiti. 

Dissection.— Remove  the  fascia  on  the  inner  and  outer  sides  of  the  foot,  commencing  in 
firont  over  the  tendons  and  proceeding  backward.  The  central  portion  should  be  divided  trans- 
versely in  the  middle  of  the  foot,  and  the  two  flaps  dissected  forward  and  backward. 

The  Abductor  hallucis  lies  along  the  inner  border  of  the  foot.  It  arises  from 
the  inner  tubercle  on  the  under  surface  of  the  os  calcis ;  from  the  internal  annular 
ligament ;  from  the  plantar  fascia ;  and  from  the  intermuscular  septum  between  it 
and  the  Flexor  brevis  digitorum.  The  fibres  terminate  in  a  tendon  which  is 
inserted,  together  with  the  innermost  tendon  of  the  Flexor  brevis  hallucis,  into 
the  inner  side  of  the  base  of  the  first  phalanx  of  the  great  toe. 

Relations. — By  its  superficial  surface^  with  the  plantar  fascia ;  by  its  deep  sur- 
face^ with  the  Flexor  brevis  hallucis,  the  Flexor  accessorius,  and  the  tendons  of 
the  Flexor  longus  digitorum  and  Flexor  longus  hallucis,  the  Tibialis  anticus  and 
posticus,  the  plantar  vessels  and  nerves,  and  the  articulations  of  the  tarsus. 

The  Flexor  brevis  digitorum  (perforatus)  lies  in  the  middle  of  the  sole  of  the 
foot,  immediately  beneath*  the  plantar  fascia,  with  which  it  is  firmly  united.     It 

^  That  is,  in  order  of  dissection  of  the  sole  of  the  foot. 
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arises  by  a  narrow  tendinous  process,  from  the  inner  tubercle  of  the  ob  calcis, 

from    the    central    part    of    the   plantar   fascia,   and   from    the    iotermuscular 

septa  between   it  and  the   adjacent   muscles. 

It  passes  forward,  and  divides  into  four  tendons. 

Opposite  the  bases  of  the  first  phalanges  each 

tendon  divides  into  two  slips,  to  allow  of  the 

passage  of  the  corresponding   tendon   of  the 

Flexor  longus  digitorum  ;  the  two  portions  of 

the   tendon  then  unite  and  form   a   grooved 

channel  for  the  reception  of  the  accompanying 

long   flexor   tendon.     Finally,  they   divide  a 

second  time,  to  be  inserted  into   the  sides  of 

the    second   phalanges    about    their    middle. 

The   mode  of  division  of  the   tendons   of  the 

Flexor   brevis  digitorum  and  their  insertion 

into  the  phalanges  is  analogous  to  the  Flexor 

sublimis  in  the  hand. 

Belationfl. — By  its  superficial  surface,  with 
the  plantar  fascia;  by  its  deep  surface,  with 
the  Flexor  accessorius.  the  Lumbrieales,  the 
tendons  of  the  Flexor  longus  digitorum,  and 
the  external  plantar  vessels  and  nerve,  from 
which  it  is  separated  by  a  thin  layer  of  fascia. 
The  outer  and  inner  borders  are  separated  from 
the  adjacent  muscles  by  means  of  vertical  pro- 
longations of  the  plantar  fascia. 

Fibrous  SheatliB  of  tli«  Fl«xor  Tendons. — 
These  are  not  so  well  marked  as  in  the  fingers. 
The  flexor  tendons  of  the  toes  as  they  run 
along  the  phalanges  are  retained  against  the 
bones  by  a  fibrous  sheath,  forming  osseo-apo- 
neurotic  canals.  These  sheaths  are  formed 
by  strong  fibrous  bands  which  arch  across  the 
tendons  and  are  attached  on  each  side  to  the 
margins  of  the  phalanges.  Opposite  the 
middle  of  the  proximal  and  second  phalanges 
the  sheath  is  very  strong,  and  the  fibres  pass 
transversely,  but  opposite  the  joints  it  is  much 
thinner,  and  the  fibres  pass  obliquely.  Each 
sheath  is  lined  by  a  synovial  membrane  which 
is  reflected  on  the  contained  tendon.  p.  fi^  »33.-MuBoie«  of  the  aoie  0/ the  foot. 

The  Abductor  tntnimt  digit!  lies  along  the 
outer  border  of  the  foot.  It  arises,  by  a  very  broad  origin,  from  the  outer  tuber- 
cle of  the  08  calcis,  from  the  under  surface  of  the  os  calcis  in  front  of  both  tuber- 
cles, from  the  fore  part  of  the  inner  tubercle,  from  the  plantar  fascia  and  the 
intermuscular  septum  between  it  and  the  Flexor  brevis  digitorum.  lis  tendon, 
after  gliding  over  a  smooth  facet  on  the  under  surface  of  the  base  of  the  fifth 
metatarsal  bone,  is  inserted  with  the  short  Flexor  of  the  little  toe  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

Selations. — By  its  superjicial  surfitce,  with  the  plantar  fascia;  by  its  deep  sur- 
face, with  the  Flexor  accessorius,  the  Flexor  brevis  minimi  digiti,  the  long  plantar 
ligament,  and  the  tendon  of  the  Peroneus  longus.  On  its  inner  side  are  the 
exlernal  plantar  vessels  and  nerve,  and  it  is  separated  from  the  Flexor  brevis 
digitorum  by  a  vertical  septum  of  fascia. 

Dissection. — The  muscles  of  the  superficial  layer  should  be  divided  at  their  origin  by  insert- 
iuR  the  Lijife  beneath  each,  and  cutting  obliquely  backward,  so  as  Co  detach  them  from  the 
bone ;  they  should  then  be  drawn  forward,  in  order  to  expose  the  second  layer,  but  nut  cut 
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eiB  &re  separated  by  a  thin  membrane,  the  deep  plantar 

u  the  tendon  of  the  Flexor  loogus  dieit«runi,  tne  Flexor 
accessorius,  the  tendon  of  the  Flexor  longus  hallu- 
c\»,  and  the  Lumbricales.  The  long  fiexor  tendons 
cross  each  other  at  an  acute  angle,  the  Flexor 
longuB  hallucis  running  along  the  inner  side  of 
the  foot,  on  a  plane  superior  to  that  of  the  Flexor 
longus  digilonim,  the  direction  of  which  is  ob- 
liquely outward. 

Second  Layer. 
Flexor  accessorius.  Lumbric&les. 

The  Flexor   accessorins   arises   by   two 

heads;  the  inner  or  larger,  which  is  mus- 
cular, being  attached  to  the  inner  concave 
surface  of  the  os  calcis,  and  to  the  inferior 
calcaneo- navicular  ligament ;  the  outer  head. 
Sat  and  tendinous,  to  the  under  surface  of 
the  OS  ealcis,  in  front  of  its  outer  tubercle, 
and  to  tbe  long  plantar  ligament;  tbe  two 
portions  join  at  an  acute  angle,  and  are 
inserted  into  the  outer  margin  and  upper 
and  under  surfaces  of  the  tendon  of  the 
Flexor  longus  digitorum,  forming  a  kind  of 
groove  in  which  the  tendon  is  lodged.' 

Belatlons. — By  its  superficial  surface, 
with  the  muscles  of  the  superficial  layer, 
from  which  it  is  separated  by  the  external 
plantar  vessels  and  nerves  ;  by  its  deep  gwr- 
face,  with  the  oa  calcis  and  long  calcaneo- 
cuboid ligament. 

The  LnmbricaleB  are  four  small  muscles 
accessory  to  the  tendons  of  the  Flexor 
longus  digitorum;  they  arise  from  the 
tendons  of  the  long  Flexor,  as  far  back  as 
their  angle  of  division,  each  arising  from 
two  tendons,  except  the  internal  one. 
Each  muscle  terminates  in  a  tendon, 
which  passes  forward  on  the  inner  side 
of  each  of  the  lesser  toes,  and  is  inserted 
into  the  expansion  of  the  long  Extensor 
^"°^'  and  base  of  the  first  phalanx  of  tbe  cor- 
responding toe. 


Third  Layer. 
Flexor  brevis  hallucis. 
Adductor  obliquus  faallucis. 
Flexor  brevis  minimi  digiti. 
Adductor  transver.sus  hallucis. 

The  Flexor  brevis  hallucis  arises,  by  a  pointed  tendinous  process,  from  the 
inner  border  of  the  cuboid  bone,  from  the  contiguous  portion  of  the  external 
cuneiform,  and  from  the  prolongation  of  the  tendon  of  the  Tibialis  posticus,  which 

end  in  aponeurotic  bands,  which  con- 
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is  attached  to  that  bone-     The  muscle  divides,  in  front,  into  two  portions,  which 
are  inserted  into  the  inner  and  outer  sides  of  the  base  of  the  first  phalanx  of 
the  great  toe,  a  sesamoid  bone  being  developed  in  each  tendon  at  its  insertion. 
The    inner    portion   of    this    muscle    is 
Wended   with   the  Abductor  hallucis  pre- 
TioQS  to  its  insertion,  the  outer  with  the 
Adductor  obliquus  hallucis,  and  the  ten- 
don of  the  Flexor  longus  hallucis  lies  in 
a  groove  between  them. 

Relations. — By  its  guperfictal  surface, 
with  the  Abductor  hallucis,  the  tendon  of 
the  Flexor  longus  hallucis,  and  plantar  fas- 
cia; hv  its  deep  surface,  with  the  tendon 
of  the  Peroneus  longus  and  metatarsal 
bone  of  the  great  toe;  by  its  inner  bor- 
der, with  the  Abductor  hallucis;  by  its 
outer  border,  with  the  Adductor  obliquus 
hallucis. 

The  Adductor  obUduna  hallucis  is  a 
large,  thick,  fleshv  mass  passing  obliquely 
across  the  foot  and  occupying  the  hollow 
!piice  between  the  four  inner  metatarsal 
bunes.  It  arises  from  the  tarsal  extrem- 
ities of  the  second,  third  and  fourth  met- 
atarsal bones,  and  from  the  sheath  of  the 
tendon  of  the  Peroneus  longus,  and  is 
inserted,  together  with  the  outer  portion 
of  the  Flexor  brevis  hallucis,  into  the 
outer  side  of  the  base  of  the  first  phalanx 
of  the  great  toe. 

The  small  muscles  of  the  great  toe, 
the  Abductor,  Flexor  brevia,  Adductor 
obliquus,  and  Adductor  transversus,  like 
the  similar  muscles  of  the  thumb,  give 
off  fibrous  expansions,  at  their  inser- 
tions, to  blend  with  the  long  Extensor 
tendon. 

The  Flexor  brevis  minimi  digiti  lies 
on  the  metatarsal  bone  of  the  little  toe, 
and  much  resembles  one  of  the  Interossei. 
It  arises  from  the  base  of  the  metatarsal 

bone  of  the  little  toe,  and  from  the  sheath  ria.3as.-MuBci«.cifthe<oiBorthe(<>oi.  TWtd 

of  the    Peroneus    longus;    its    tendon   is 
inserted  into  the  base  of  the  first  phalanx  of  the  little  toe  on  its  outer  side. 

Belations. — By  its  superficial  surface,  with  the  plantar  fascia  and  tendon 
of  the  Abductor  minimi  digit! ;  by  its  deep  turface,  with  the  fifth  metatarsal 
bone. 

The  Adductor  trangversns hallucis  {Transversus  pedis)  \i  a,  afirvavi,  flat,  muscular 
fasciculus,  stretched  transversely  across  the  heads  of  the  metatarsal  bones,  between 
ibem  and  the  flexor  tendons.  It  arises  from  the  inferior  metatarso-phalangeal 
ligaments  of  the  three  outer  toes,  sometimes  only  from  the  third  and  fourth  and 
from  the  transverse  ligament  of  the  metatarsus ;  and  is  inserted  into  the  outer  side 
of  the  first  phalanx  of  the  great  toe,  its  fibres  being  blended  with  the  tendon  of 
insertion  of  the  Adductor  ooliquus  hallucis. 

Belations. — By  its  superficial  surface,  with  the  tendons  of  the  long  and  short 
Flexors  and  Lumbricales ;  by  its  deep  surface,  with  the  Interossei. 
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I'ourth  Layer. 
The  Interossei. 

The  Interossei  moBcles  in  the  foot  are  similar  to  those  in  the  hand,  with  this 
exception,  that  they  are  grouped  around  the  middle  line  of  the  second  toe,  instead 
of  the  middle  line  of  the  third  finger,  as  in  the  hand.  They  are  seven  in  number, 
and  consist  of  two  groups,  dorsal  and  plantar. 

The  Dorsal  interossei,  four  in  number,  are  situated  between  the  metatarsal 
bones.  They  are  bipenniform  muscles,  arising  by  two  heads  from  the  adjacent 
sides  of  the  metatarsal  bones,  between  which  they  are  placed  ;  their  tendons  are 
inserted  into  the  bases  of  the  first  phalanges,  and  into  the  aponeurosis  of  the 
common  extensor  tendon.     In  the  angular  interval  left  between  the  heads  of 


Fig,  336.— The  Doreal  inlcicnwel.    Led  fool.  FiO.  337.— The  PlBotar  inlerouel.    Left  (bot. 

each  muBcle  at  its  posterior  extremity  the  perforating  arteries  pass  to  the 
dorsum  of  the  foot,  except  in  the  First  interosseous  muscle,  where  the  interval 
allows  the  passage  of  the  communicating  branch  of  the  dorsalis  pedis  artery. 
The  First  dorsal  interosseous  muscle  is  inserted  into  the  inner  side  of  the  secood 
toe ;  the  other  three  are  inserted  into  the  outer  sides  of  the  second,  third,  and 
fourth  toes. 

The  Plantar  interossei,  three  in  number,  lie  beneath,  rather  than  between,  the 
metatarsal  bones.  They  are  single  muscles,  and  are  each  connected  with  but  one 
metatarsal  bone.  They  arise  from  the  base  and  inner  sides  of  the  shaft  of  the 
third,  fourth,  and  fifth  metatarsal  bones,  and  are  inserted  into  the  inner  sides  of 
the  bases  of  the  first  phalanges  of  the  same  toes,  and  into  the  aponeurosis  of  the 
common  extensor  tendon, 

Herres. — The  Fle-xor  brevis  digitorum.  the  Flexor  brevis  and  Abductor 
hallucis.  and  the  two  inner  Lumbricales'  are  supplied  by  the  internal  plantar 
nerve;  all  the  other  muscles  in  the  sole  of  the  foot  by  the  external  plantar.  The 
First  and  Second  dorsal  intero.iisei  muscles  receive  extra  filaments  from  the  gan- 
glionic enlargement  of  the  anterior  tibial  nerve  on  the  dorsum  of  the  foot. 

Actions. — All  the  muscles  of  the  foot  act  upon  the  toes,  and  for  purposes  of 
description  as  regards   their  action  may  be  grouped  as  Abductors,  Adductors, 
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Flexors,  or  Extensors.  The  Abductors  are  the  Dorsal  interossei,  the  Abductor 
hallucis,  and  the  Abductor  minimi  digiti.  The  Dorsal  interossei  are  abductors 
from  an  imaginary  line  passing  through  the  axis  of  the  second  toe,  so  that  the 
first  muscle  draws  the  second  toe  inward,  toward  the  great  toe;  the  second 
muscle  draws  the  same  toe,  outward;  the  third  draws  the  third  toe,  and  the 
fourth  draws  the  fourth  toe,  in  the  same  direction.  Like  the  interossei  in  the 
hand,  they  also  assist  in  flexing  the  proximal  phalanx  and  extending  the  two 
terminal  phalanges.  The  Abductor  hallucis  abducts  the  great  toe  from  the  others, 
and  also  flexes  the  proximal  phalanx  of  this  toe.  And  in  the  same  way  the  action 
of  the  Abductor  minimi  digiti  is  twofold — as  an  abductor  of  this  toe  from  the 
others,  and  also  as  a  flexor  of  the  proximal  phalanx.  The  Adductors  are  the 
Plantar  interossei,  the  Adductor  obliquus  hallucis,  and  the  Adductor  trans  versus 
hallucis.  The  plantar  interosseous  muscles  adduct  the  third,  fourth,  and  fifth  toes 
toward  the  imaginary  line  passing  through  the  second  toe,  and  by  means  of  their 
insertion  into  the  aponeurosis  of  the  extensor  tendon  they  assist  in  flexing  the  prox- 
imal phalanx  and  extending  the  two  terminal  phalanges.  The  Adductor  obliquus 
hallucis  is  chiefly  concerned  in  adducting  the  great  toe  toward  the  second  one,  but 
also  assists  in  flexing  this  toe.  The  Adductor  transversus  hallucis  approximates 
all  the  toes,  and  thus  increases  the  curve  of  the  transverse  arch  of  the  metatarsus. 
The  Flexors  are  the  Flexor  brevis  digitorum,  the  Flexor  accessorius,  the  Flexor 
brevis  hallucis,  the  Flexor  brevis  minimi  digiti,  and  the  Lumbricales.  The  Flexor 
brevis  digitorum  flexes  the  second  phalanges  upon  the  first,  and,  continuing  its 
action,  flexes  the  first  phalanges  also  and  brings  the  toes  together.  The  Flexor 
accessorius  assists  the  Long  flexor  of  the  toes,  and  converts  the  oblique  pull  of  the 
tendons  of  that  muscle  into  a  direct  backward  pull  upon  the  toes.  The  Flexor 
brevis  minimi  digiti  flexes  the  little  toe  and  draws  its  metatarsal  bone  downward 
and  inward.  The  Lumbricales,  likiB  the  corresponding  muscles  in  the  hand,  assist 
in  flexing  the  proximal  phalanx,  and  by  their  insertion  into  the  long  Extensor 
tendon  aid  that  muscle  in  straightening  the  two  terminal  phalanges.  The  only 
muscle  in  the  Extensor  group  is  the  Extensor  brevis  digitorum.  It  extends  the 
first  phalanx  of  the  great  toe,  and  assists  the  long  Extensor  in  extending  the  next 
three  toes,  and  at  the  same  time  gives  to  the  toes  an  outward  direction  when  they 
are  extended. 

Surface  Form. — Of  the  muscles  of  the  thigh,  those  of  the  iliac  region  have  no  influence 
on  surface  form,  while  those  of  the  anterior  femoral  region,  being  to  a  great  extent  superficial, 
largely  contribute  to  the  surface  form  of  this  part  of  the  body.  The  Tensor  vaaincefemoris 
prociaces  a  broad  elevation  immediately  below  the  anterior  portion  of  the  crest  of  the  ilium  and 
behind  the  anterior  superior  spinous  process.  From  its  lower  border  a  longitudinal  groove, 
oorresponding  to  the  ilio-tibial  oand,  may  be  seen  running  down  the  outer  side  of  the  thigh  to 
the  outer  side  of  the  knee-joint.  The  Sartorius  muscle,  when  it  is  brought  into  action  by 
flexing  the  leg  on  the  thigh  and  the  thigh  on  the  pelvis,  and  rotating  the  thigh  outward, 
presents  a  well-marked  surface  form.  At  its  upper  part,  where  it  constitutes  the  outer 
boundary  of  Scarpa's  triangle,  it  forms  a  prominent  oblique  ridge,  which  becomes  changed  into 
a  flattened  plane  below,  and  this  ^duall^  merges  in  a  general  fulness  on  the  inner  side  of  the 
knee-joint.  When  the  Sartorius  is  not  m  action,  a  depression  exists  between  the  Extensor 
quadriceps  and  the  Adductor  muscles,  running  obliauely  downward  and  inward  from  the  apex 
of  Scarpa's  triangle  to  the  inner  side  of  the  knee,  which  corresponds  to  this  muscle.  In  the 
depr^sed  angle  fonned  by  the  divergence  of  the  Sartorius  and  Tensor  vaginae  femoris  muscles, 
just  below  the  anterior  superior  spinous  process  of  the  ilium,  the  Rectus  femoris  muscle  appears, 
and,  below  this,  determines  to  a  great  extent  the  convex  form  of  the  front  of  the  thigh. 
In  a  well-developed  subject  the  borders  of  the  muscle,  when  in  action,  are  clearly  to  be  defined. 
The  Vastus  externus  forms  a  long  flattened  plane  on  the  outer  side  of  the  thigh,  traversed  by 
the  longitudinal  groove  formed  by  the  ilio-tibial  band.  The  Viistus  interims^  on  the  inner  side 
of  the  lower  half  of  the  thigh,  gives  rise  to  a  considerable  prominence,  which  increases  toward 
the  knee  and  terminates  somewhat  abruptly  in  this  situation  with  a  full,  curved  outline.  The 
Crureus  and  Subcrureus  are  completely  hidden,  and  do  not  directly  influence  surface  form.  The 
Adductor  muscles,  constituting  tne  internal  femoral  group,  are  not  to  be  individually  distin- 
guished from  each  other,  with  the  exception  of  the  upper  tendon  of  the  Adductor  longus  and 
the  lower  tendon  of  the  Adductor  magnus.  The  upper  tendon  of  the  Adductor  longus^  when 
the  muscle  is  in  action,  stands  out  as  a  prominent  ridge,  which  runs  obliquely  downward  and 
outward  from  the  neighborhood  of  the  pubic  spine,  and  forms  the  inner  boundary  of  a  flattened 
triangular  space  on  the  upper  part  of  the  front  of  the  thigh,  known  as  Scarpa's  triangle.     The 
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lower  tendon  of  the  Adductor  niagnus  can  be  distinctly  felt  as  a  short  ridge  extending  down  to 
the  Adductor  tubercle  on  the  internal  condyle,  between  the  Sartorius  and  Vastus  intemus. 
The  Adductor  group  of  muscles  fills  in  the  triangular  space  at  the  upper  part  of  the  thigh, 
formed  between  the  oblioue  femur  and  the  pelvic  wall,  and  to  them  is  due  the  contour  of  the 
inner  border  of  the  thign,  the  Gracilis  largely  contributing  to  the  smoothness  of  the  outline. 
These  muscles  are  not  marked  off  on  the  surface  from  those  of  the  posterior  femoral  region  by 
any  intermuscular  marking ;  but  on  the  outer  side  of  the  thi^h  these  latter  muscles  are  defined 
irom  the  Vastus  extemus  by  a  distinct  marking,  corrcspondmg  to  the  external  intermuscular 
septum.  The  Gluteus  maximus  and  a  part  of  the  Gluteus  nieclius  are  the  only  muscles  of  the 
buttock  which  influence  surface  form.  The  other  part  of  the  Gluteus  medius,  the  Gluteus 
minimus,  and  the  External  rotators  are  completely  hidden.  The  Gluteus  maximus  forms  the 
full  rounded  outline  of  the  buttock ;  it  is  more  prominent  behind,  compressed  in  front,  and 
terminates  at  its  tendinous  insertion  in  a  depression  immediately  behind  tlie  great  trochanter. 
Its  lower  border  does  not  correspond  to  the  gluteal  fold,  but  is  much  more  oblique,  being 
marked  by  a  line  drawn  from  the  side  of  the  coccyx  to  the  lower  part  of  the  great  trochanter. 
From  beneath  the  fold  of  the  buttock  the  hamstring  muscles  appear,  at  first  narrow  and  not  well 
marked,  but  as  they  descend  becoming  more  promment  and  widened  out.  and  eventually  divid- 
ing into  two  well-marked  ridges,  which  form  the  upper  boundaries  or  the  popliteal  space, 
bemg  formed  by  the  tendons  of  the  inner  and  outer  namstring  muscles  respectively.  In  the 
upper  part  of  the  thigh  these  muscles  are  not  to  be  individually  distinguishea  from  each  other, 
but  lower  down,  the  separation  between  the  Semitendinosus  and  Semimembranosus  is  denoted 
by  a  slight  intermuscular  marking.  The  extomal  hamstring  tendon  formed  by  the  Biceps  is 
seen  as  a  thick  cord  running  down  to  the  head  of  the  fibula.  The  inner  hamstring  tendons 
comprise  the  Semitendinosus,  the  Semimembranosus,  and  the  Gracilis.  The  Semitetidinosu*  is  the 
most  internal  of  these,  and  can  be  felt,  in  certain  positions  of  the  limb,  as  a  sharp  cord  ;  the 
Semim£?7ibranosus  is  thick,  and  the  Gracilis  is  situated  a  little  farther  forward  than  the  other 
two.  All  the  muscles  on  the  front  of  the  leg  appear  to  a  certain  extent  somewhere  on  the 
surface,  but  the  form  of  this  region  is  mainly  dependent  upon  the  Tibialis  anticus  and  the 
Extensor  longus  digitorum.  The  Tibialis  anticus  is  well  marked,  and  presents  a  fusiform 
enlargement  at  the  outer  side  of  the  tibia,  and  projects  beyond  the  crest  of  the  shin-bone. 
From  the  muscular  mass  its  tendon  may  be  traced  downward,  standing  out  boldly,  when  the 
muscle  is  in  action,  on  the  front  of  the  tibia  and  ankle-joint,  and  coursing  down  to  its  insertion 
along  the  inner  border  of  the  foot.  A  well-marked  groove  separates  this  muscle  externally 
from  the  Extensor  longus  digitorum,  which  fills  up  the  rest  of^  the  space  between  the  upper 
part  of  the  shaft  of  the  tibia  and  fibula.  It  does  not  present  so  bold  an  outline  as  the  Tibialis 
anticus,  and  its  tendon  below,  diverging  from  the  tendon  of  the  Tibialis  anticus,  forms  a  sort  of 
plane,  in  which  may  be  seen  the  tendon  of  the  Extensor  proprius  hallucis.  A  groove  on  the 
outer  side  of  the  Extensor  longus  digitorum,  seen  most  plainly  when  the  muscle  is  in  action, 
separates  from  it  a  slight  eminence  corresponding  to  the  Peroneus  tertius.  The  fleshy  fibres  oi 
the  Peroneus  longvs  are  strongly  marked  at  the  upper  part  of  the  outer  side  of  the  leg,  especi- 
ally when  the  muscle  is  in  action.  It  fonus  a  Dold  swelling,  separated  by  fiirrows  from  the 
Extensor  longus  digitorum  in  front  and  the  Soleus  behind.  Below,  the  fleshy  fibres  terminate 
abruptly  in  a  tendon  which  overlaps  the  more  flattened  form  of  the  Peroneus  brevis.  At  the 
external  malleolus  the  tendon  of  the  Peroneus  brevis  is  more  marked  than  that  of  the  Peroneus 
longus.  On  the  dorsum  of  the  foot  the  tendons  of  the  Extensor  muscles,  emerging  frx)m 
beneath  the  anterior  annular  ligament,  spread  out  and  can  be  distinguished  in  the  following 
order:  The  most  internal  and  largest  is  the  Tibialis  anticus,  then  the  Extensor  proprius  hallucis: 
next  comes  the  Extensor  longus  digitorum,  dividing  into  four  tendons  to  the  four  outer  toes ;  and 
lastly,  most  externally,  is  the  Peroneus  tertius.  The  flattened  form  of  the  dorsum  of  the  foot  is 
relieved  by  the  rounded  outline  of  the  fleshy  belly  of  the  Ectensor  brevis  digitorum^  which  forms  a 
soft  fulness  on  the  outer  side  of  the  tarsus  in  front  of  the  external  malleolus,  and  by  the  Dorsal 
interossei,  which  bulge  between  the  metatarsal  bones.  At  the  back  of  the  knee  is  the  popliteal 
space,  bounded  above  by  the  tendons  of  the  hamstrinir  muscle ;  below,  by  the  two  heads  of  the 
Gastrocnemius.  Below  this  space  is  the  prominent  fleshy  mass  of  the  calf  of  the  leg,  produced 
by  the  Gastrocnemius  and  Solrus.  When  these  muscles  arc  in  action,  as  in  standing  on  tiptoe, 
the  borders  of  the  Gastrocnemius  are  well  defined,  presenting  two  curved  lines,  which  converge 
to  the  tendon  of  insertion.  Of  these  borders,  the  inner  is  more  prominent  than  the  outer. 
The  fleshy  mass  of  the  calf  terminates  somewhat  abruptly  below  in  the  tendo  Achillis,  which 
stands  out  prominently  on  the  lower  part  of  the  back  of  the  leg.  It  presents  a  somewhat 
tapering  form  in  the  upper  three-fourths  of  its  extent,  but  widens  out  slightlv  below.  When 
the  muscles  of  the  calf  are  in  action,  the  lateral  portions  of  the  Soleus  may  be  seen,  forming 
curved  eminences,  of  which  the  outer  is  the  longer,  on  either  side  of  the  Gastrocnemius. 
Behind  the  inner  border  of  the  lower  part  of  the  shaf\  of  the  tibia  a  well-marked  ridge,  pro- 
duced by  the  tendon  of  the  Tibialis  posticus,  is  visible  when  this  muscle  is  in  a  state  of  eon- 
traction. 

On  the  sole  of  the  foot  the  superficial  layer  of  muscles  influences  surface  form ;  the 
AM  actor  minimi  digiti  most  markedly.  This  muscle  forms  a  narrow  rounded  elevation  along 
the  outer  border  of  the  foot,  while  the  Ahdnetor  hallucis  does  the  same,  though  to  a  less  ex- 
tent, on  the  inner  side.  The  Flexor  brervi  digitorum.  bound  down  by  the  plantar  fascia,  is  not 
very  apparent ;  it  produces  a  flattened  form,  covered  by  the  thickened  skm  of  the  sole,  which 
is  here  thrown  into  numerous  wrinkles. 
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SURGICAL   ANATOMY  OF  THE   LOWER   EXTREMITY. 
The  student  should  now  consider  the  effects  produced  by  the  action  of  the  various  muscles 
D  Iractures  of  the  bones  of  the  lower  extremity.     The  more  common  forms  of  fractures  are 

selected  for  illustration  and 
descnptioti. 

In  fracture  of  the  neck 
of  the  femur  iiUeraal  to  the 
capiutar  ligament  (^'6-  3^^) 
the  characteristic  luarks  are 
slight  shortening  of  the 
limb  and  evcrsion  of  the 
foot,  neither  of  which  symp- 
toms occurs,  however,  in 
some  cases  until  some  time 
after  the  injuir.  The 
eversion  is  caused  hy  the 
weight  of  the  limb  rotating 
it  outward.  The  shorten- 
inc  is  produced  by  the 
action  of  the  Glutei,  and 
by  the  Rectus  fcmoris  in 
front  and  the  Biceps, 
Scmilendinosua,  and  Semi- 
tnembranoBus  behind. 

In  fTHCture  of  the 
femur juti  Mow  thetrochau- 
ter*  (Fig.  339)  the  upper 
IragnicRt,  the  portion  chiefly 
displaced,  is  tilted   forward 


I  the  cBinular 


ilmost  at  right  angles  with  the  pelvis  by  the  combined  action  of 
the  Psoas  and  Iliacus,  and,  at  the  same  time,  everted  and  drawn 
untwiird  by  the  External  rotator  and  Glutei  muscles,  causing  a 
marked  prominence  at  the  upper  and  outer  side  of  the  thigh,  and 
moch  pain  from  the  bruising  and  laceration  of  the  muscles.  The 
limb  is  shortened,  in  consequence  of  the  lower  fragment  bein^ 
■Irawn  upward  by  the  rectus  in  front,  and  the  Biceps,  Semi- 
metnhranosuB,  and  Semitendlnosus  behind,  and.  at  the  same 
time,  everted,  and  the  upper  end  thrown  outward  and  the  lower 
iLward  by  the  Pectineua  and  Adductor  muscles.  This  fracture 
may  be  roluced  in  two  different  methods :  either  by  direct  relax- 
ttion  of  all  the  opposing  muscles,  to  effect  which  the  limb  should 
be  placed  on  a  double  inclined  plane ;  or  by  overcoming  the  con- 
traction of  the  muscles  by  continued  extension,  which  may  he 
effected  by  means  of  the  long  splint. 

Oblique  fracture  of  the  femur  immediately  above,  the  condyles 
IFig.  340)  is  a  formidable  injury,  and  attended  with  considerable 
displacement.  On  examination  of  the  limb  the  lower  fragment 
may  be  felt  deep  in  the  popliteal  space,  being  drawn  backward 
b>-  the  Gastrocnemius  and  Plantaris  muscles,  and  upward  by 
the  posterior  Femoral  and  Rectus  muscles.  The  pointed  end 
of  the  upper  ft^ment  is  drawn  inward  by  the  Pectineus  and  Ad- 
dnetor  muscles,  and  tilted  forward  hy  the  Psoas  and  Iliacus.  pierc- 
itiElheRectuamnscle  and  occasionally  the  integument.  Relaxation 
of  these  muscles  and  direct  approximation  of  the  broken  frag- 
ments ate  efTe^ed  by  placing  the  limb  on  a  double  inclined  plane. 
The  greatest  care  is  reguisite  in  kee|)ing  the  pointed  extremity 
of  the  upper  frv.zment  in  proper  position ;  otherwise,  after  union 
of  the  fiictore,  the  power  of  extension  of  the  limb  is  partially 
destroyed,  from  the  Rectus  muscle  being  held  down  by  the  frac- 
tured end  of  the  bone,  and  from  the  patella,  when  elevated, 
being  drawn  upward  against  the  projecting  fragment. 

In  fracture  of  the  patella  (Fig.  341)  the  fragments  are  sepa-   ' 
rated  hy  the  effusion  which   takes    place    into  the  joint,  and 
possibly  by  the  action  of  tbe  Quadriceps  extensor;   the  extent  of  separation  of  the  t 
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fn^BKnta  depending  upon  the  degree  of  laceration  of  the  ligamentouB  stnictiires  around 
the  bone. 

Id  obli'iue  fracture  of  the  $haft  of  the  tibia  (Fig.  342),  if  the  fracture  hae  taken  place 
obliquely  from  above,  downward  and  forward,  the  fragments  ride  over  one  another,  the  lower 
fragments  being  drawn  backward  and  upward 
by  the  powerful  action  of  the  muBclea  of  the 
calf;  the  pointed  extremity  of  the  upner 
iragment  projects  forward  immediately  be- 
neath the  integument,  often  protruding 
through  it  and  rendering  the  nw;ture  a 
compound  one.  If  the  ilirection  of  the 
fracture  is  the  reverse  of  that  shown  in  the 
figure,  the  pointed  extremity  of  the  lower 
fragment  projects  forward,  riding  upon  the 
lower  end  of  the  upper  one.  By  bending  the 
knee,  which  relaxes  the  opposing  muscles, 
and  mnking  extension  from  the  ankle  and 
counter-extension  at  the  knee,  the  fragments 
may  be  brought  into  apposition.  It  is  ufien 
necessaiy,  however,  in  compound  fracture,  to 
remove  a  portion  of  the  i^roiectin^  bone  vrith 
the  saw  before  complete  adaptation  can  be 
effected. 

Fracture  of  the  JUnila  im'tk  dislaeation 

of  the  fmt  outward  (Fig.  :i43),  commonly 

known  as  "'Pott's  Fraeture,''  is  one  of  the 

most  frequent  injuries  of  the  ankle-joint. 

KiB.  Ill  1.  —  Frac lure  The  end  of  the  tibia  is  displaced  from  the 

of  the  paieiiB.  corresponding  surface  of  the  astragalus ;  the 

internal  lateral  ligament  is  ruptured ;    and 

the  inner  malleolus  projects  inward  beneath  the  intcgunient.  which  is  tightly  stretched  over 

it  and  in  danger  of  uursting.    The  fibula  is  broken,  usually 

from  two  to  three  inches  aoove  the  ankle,  and  occasionally 

that  portion  of  the  tibia  with  which  it  is  more  directly 

connected  below ;    the    foot    is   everted    by  the  action  of 

the  Peroneus   longus,   its  inner   border    resting    upon    the 

ground,  and  at  the  same  time  the  heel  is  drawn  up  by 

the    muscles   of   the  calf.      This  injury  may  be  at    once 

reduced  by  flexing  the  leg  at  right  angles  with  the  thiKh, 

which  relaxes  all  the    opposing  muscles,   and    bv  making 

n  from  the  ankle  and  counter-extension  at  the  knee. 


THE    ARTERIES. 


THE  Arteries  are  cylindrical  tubular  vessels  which  serve  to  convey  blood  from 
both  ventricles  of  the  heart  to  every  part  of  the  body.  These  vessels  were 
named  arteries  {d^p^  air ;  T7]pe7u,  to  contain)  from  the  belief  entertained  by  the 
ancients  that  they  contained  air.  To  Galen  is  due  the  honor  of  refuting  this 
opinion  ;  he  showed  that  these  vessels,  though  for  the  most  part  empty  after  death, 
contain  blood  in  the  living  body. 

The  pulmonary  artery,  which  arises  from  the  right  ventricle  of  the  heart, 
carries  venous  blood  directly  into  the  lungs,  whence  it  is  returned  by  the  pul- 
monary veins  into  the  left  auricle.  This  constitutes  the  lesser  or  pulmonic  circu- 
lation. The  great  artery  which  arises  from  the  left  ventricle,  the  aorta,  conveys 
arterial  blood  to  the  body  generally,  whence  it  is  brought  back  to  the  right 
side  of  the  heart  by  means  of  the  veins.  This  constitutes  the  greater  or  systemic 
circulation. 

The  distribution  of  the  systemic  arteries  is  like  a  highly  ramified  tree,  the 
common  trunk  of  which,  formed  by  the  aorta,  commences  at  the  left  ventricle  of 
the  heart,  the  smallest  ramifications  corresponding  to  the  circumference  of 
the  body  and  the  contained  organs.  The  arteries  are  found  in  nearly  every 
part  of  the  body,  with  the  exception  of  the  hairs,  nails,  epidermis,  cartilages, 
and  cornea ;  and  the  larger  trunks  usually  occupy  the  most  protected  situa- 
tions, running,  in  the  limbs,  along  the  flexor  side,  where  they  are  less  exposed 
to  injury. 

There  is  considerable  variation  in  the  mode  of  division  of  the  arteries  :  occa- 
sionally a  short  trunk  subdivides  into  several  branches  at  the  same  point,  as  we 
observe  in  the  coeliac  and  thyroid  axes ;  or  the  vessel  may  give  off  several  branches 
in  succession,  and  still  continue  as  the  main  trunk,  as  is. seen  in  the  arteries  of 
the  limbs;  but  the  usual  division  is  dichotomous;  as,  for  instance,  the  aorta 
dividing  into  the  two  common  iliacs,  and  the  common  carotid  into  the  external 
and  internal. 

The  branches  of  arteries  arise  at  very  variable  angles :  some,  as  the  superior 
intercostal  arteries  from  the  aorta,  arise  at  an  obtuse  angle :  others,  as  the  lumbar 
arteries,  at  a  right  angle ;  or,  as  the  spermatic,  at  an  acute  angle.  An  artery  from 
which  a  branch  is  given  off  is  smaller  in  size,  but  retains  a  uniform  diameter  until 
a  second  branch  is  derived  from  it.  A  branch  of  an  artery  is  smaller  than  the 
trunk  from  which  it  arises ;  but  if  an  artery  divides  into  two  branches,  the  com- 
bined area  of  the  two  vessels  is,  in  nearly  every  instance,  somewhat  greater  than 
that  of  the  trunk ;  and  the  combined  area  of  all  the  arterial  branches  greatly 
exceeds  the  area  of  the  aorta;  so  that  the  arteries  collectively  may  be  regarded 
as  a  cone,  the  apex  of  which  corresponds  to  the  aorta,  the  base  to  the  capillary 
system. 

The  arteries,  in  their  distribution,  communicate  freely  with  one  another,  form- 
ing what  is  called  an  anastomosis  {dud,  between ;  azofia^  mouth),  or  inosculation  ; 
and  this  communication  is  very  free  between  the  large  as  well  as  between  the 
smaller  branches.  The  anastomosis  between  trunks  of  equal  size  is  found  where 
great  freedom  and  activity  of  the  circulation  are  requisite,  as  in  the  brain ;  here 
the  two  vertebral  arteries  unite  to  form  the  basilar,  and  the  two  internal  carotid 
arteries  are  connected  by  a  short  communicating  trunk ;  it  is  also  found  in  the 
abdomen,  the  intestinal  arteries  having  very  free  anastomoses  between  their  larger 
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branches.  In  the  limbs  the  anastomoses  are  most  frequent  and  of  largest  size 
around  the  joints,  the  branches  of  an  artery  above  freely  inosculating  with 
branches  from  the  vessels  below ;  these  anastomoses  are  of  considerable  interest  to 
the  surgeon,  as  it  is  by  their  enlargement  that  a  collateral  circulation  is  established 
after  the  application  of  a  ligature  to  an  artery  for  the  cure  of  aneurism.  The 
smaller  branches  of  arteries  anastomose  more  frequently  than  the  larger,  and 
between  the  smallest  twigs  these  inosculations  become  so  numerous  as  to  constitute 
a  close  network  that  pervades  nearly  every  tissue  of  the  body. 

Throughout  the  body  generally  the  larger  arterial  branches  pursue  a  perfectly 
straight  course,  but  in  certain  situations  they  are  tortuous ;  thus,  the  facial  artery 
in  its  course  over  the  face,  and  the  arteries  of  the  lips,  are  extremely  tortuous  in 
their  course,  to  accommodate  themselves  to  the  movements  of  the  parts.  The 
uterine  arteries  are  also  tortuous,  to  accommodate  themselves  to  the  increase  of 
size  which  the  organ  undergoes  during  pregnancy.  Again,  the  internal  carotid 
and  vertebral  arteries,  previous  to  their  entering  the  cavity  of  the  skull,  describe 
a  series  of  curves,  which  are  evidently  intended  to  diminish  the  velocity  of  the 
current  of  blood  by  increasing  the  extent  of  surface  over  which  it  moves  and 
adding  to  the  amount  of  impediment  which  is  produced  by  friction. 

The  arteries  are  dense  in  structure,  of  considerable  strength,  highly  elastic, 
and,  when  divided,  they  preserve,  although  empty,  their  cylindrical  form. 

The  minute  structure  of  these  vessels  has  been  described  in  the  chapter  on 
General  Anatomy. 

In  the  description  of  the  arteries  we  shall  first  consider  the  efferent  trunk  of 
the  pulmonic  circulation,  the  pulmonary  artery,  and  then  the  efferent  trunk  of  the 
systemic  circulation,  the  aorta  and  its  branches. 

THE  PULMONARY  ARTERY  (Fig.  344). 

The  pulmonary  artery  conveys  the  venous  blood  from  the  right  side  of  the  heart 
to  the  lungs.  It  is  a  short,  wide  vessel,  about  two  inches  in  length,  arising  from 
the  left  side  of  the  base  of  the  right  ventricle,  in  front  of  the  aorta.  It  passes 
obliquely  upward  and  backward,  passing  at  first  in  front  of,  and  then  to  the  left 
of,  the  ascending  part  of  the  arch  of  the  aorta  as  far  as  the  under  surface  of  the 
transverse  portion  of  the  arch,  where  it  divides  into  two  branches  of  nearly  equal 
size — the  right  and  left  pulmonary  arteries. 

Relations. — The  whole  of  this  vessel  is  contained,  together  with  the  ascending 
part  of  the  arch  of  the  aorta,  in  the  pericardium,  being  enclosed  with  it  in  a  tube 
of  serous  membrane,  continued  upward  from  the  base  of  the  heart,  and  has 
attached  to  it,  above,  the  fibrous  layer  of  the  membrane.  Behind,  it  rests  at  first 
upon  the  ascending  aorta,  and  higher  up  lies  in  front  of  the  left  auricle.  On  each 
side  of  its  origin  is  the  appendix  of  the  cowesponding  auricle  and  a  coronary  artery ; 
and  higher  up  it  passes  to  the  left  side  of  the  ascending  aorta. 

The  right  pulmonary  artery,  longer  and  larger  than  the  left,  pierces  the  peri- 
cardium and  runs  horizontally  outward,  behind  the  ascending  aorta  and  superior 
vena  cava,  to  the  root  of  the  right  lung,  where  it  divides  into  two  branches,  of 
which  the  lower,  which  is  the  smaller,  supplies  the  lower  lobe ;  the  upper  supplies 
the  upper  lobe,  giving  a  branch  to  the  middle  lobe. 

The  left  pidmonary  artery,  shorter  and  somewhat  smaller  than  the  right, 
pierces  the  pericardium  and  passes  horizontally  in  front  of  the  descending  aorta 
and  left  bronchus  to  the  root  of  the  left  lung,  where  it  divides  into  two  branches 
for  the  two  lobes. 

The  root  of  the  left  pulmonary  artery  is  connected  to  the  under  surface  of  the 
arch  of  the  aorta  by  a  short  fibrous  cord,  the  remains  of  a  vessel  peculiar  to  foetal 
life,  the  ductus  arteriosus. 

The  terminal  branches  of  the  pulmonary  artery  will  be  described  with  the 
anatomy  of  the  lung. 


THE   AORTA. 


THE  AORTA. 


The  aorta  (do/ir^.  arteria  magna)  is  the  main  trunk  of  a  series  of  vessels  which 
convey  the  oxvgenaied  blood  to  every  part  of  the  body  for  its  nutrition.  This 
vessel  ommences  at  the  upper  part  of  the  left  ventricle,  and,  after  ascending  for 
i  short  distance,  arches  backward  to  the  left  side,  over  the  root  of  the  left  lung, 
then  descends  within  the  thorax  on  the  left  side  of  the  vertebral  column,  passes 
through  the  aortic  opening  in  the  Diaphragm,  and,  entering  the  abdominal  cavity, 
lerminates,  considerably  diminished  in  size,  opposite  the  fourth  lumbar  vertebra, 


Fin.  3H.— Tlii^  ari'li  uf  llie  Aoru  and  l\a  bronchei. 

"here  it  divides  into  the  right  and  left  common  iliac  arteries.  Hence  its  division 
into  the  ascendirtf)  aorta,  the  arch  of  the  aorta,  and  the  descendinjj  aorta,  which 
last  is  again  divided  into  thoracic  aorta  and  abdominal  aorta,  from  the  position  of 
these  parts. 

THE  ASOENDIMO  AORTA. 
The  ascending  aorta  is  about  two  inches  in  length.     It  commences  at  the 
upper  part  of  the  left  ventricle,  on  a  level  with  the  lower  border  of  the  third  costal 
cartilage  behind  the  left  half  of  the  sternum ;  it  passes  obliquely  upward,  forward, 
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and  to  the  right  in  the  direction  of  the  heart's  axis,  as  high  as  the  upper  border  of 
the  second  right  costal  cartilage,  describing  a  slight  curve  in  its  course,  and  being 
situated,  when  distended,  about  a  quarter  of  an  inch  behind  the  posterior  surface 
of  the  sternum.  A  little  above  its  commencement  it  is  somewhat  enlarged,  and 
presents  three  small  dilatations,  called  the  sinuses  of  the  aorta  (sinuses  of 
Valsalva),  opposite  to  which  are  attached  the  three  semilunar  valves,  which  serve 
the  purpose  of  preventing  any  regurgitation  of  blood  into  the  cavity  of  the 
ventricle.  A  section  of  the  aorta  opposite  this  part  has  a  somewhat  triangular 
figure,  but  below  the  attachment  of  the  valves  it  is  circular.  This  portion  of  the 
aorta  is  contained  in  the  cavity  of  the  pericardium,  and,  together  with  the  pul- 
monary artery,  is  invested  in  a  tube  of  serous  membrane,  continued  on  to  them 
from  the  surface  of  the  heart. 

Relations. — The  ascending  aorta  is  covered  at  its  commencement  by  the 
trunk  of  the  pulmonary  artery  and  the  right  auricular  appendix,  and,  higher  up,  is 
separated  from  the  sternum  by  the  pericardium,  the  right  pleura,  and  anterior 
margin  of  right  lung,  some  loose  areolar  tissue,  and  the  remains  of  the  thymus 
gland ;  behind,  it  rests  upon  the  root  of  the  right  lung  and  left  auricle.  On  the 
7*ight  side  it  is  in  relation  with  the  superior  vena  cava  and  right  auricle ;  on  the 
left  side,  with  the  pulmonary  artery. 

Plan  of  the  Relations  op  the  Ascending  Aorta. 

In  front 

Pulmonary  artery. 

Right  auricular  appendix. 

Pericardium. 

Right  pleura  and  lung. 

Remains  of  thymus  gland. 

Right  gide.  ArchofAortaN  Leftside. 

Superior  cava.  (     "Vortlon!*    J  Pulmonary  artery. 

Right  auricle.  V  / 

Behijid. 

Root  of  right  lung. 
Lefl  auricle. 

Branches  of  the  Ascending  Aorta. 

The  only  branches  of  the  ascending  aorta  are  the  two  coronary   arteries. 

They  supply  the  heart,  and  are  two  in  number,  right  and  left,  arising  near  the 

commencement  of  the  aorta  immediately  above  the  free  margin  of  the  semilunar 

valves. 

THE  CORONARY  ARTERIES. 

The  Right  Coronary  Artery,  about  the  size  of  a  crow's  quill,  arises  from  the 
aorta  immediately  above  the  free  margin  of  the  anterior  semilunar  valve.  It 
passes  forward  between  the  pulmonary  artery  and  the  right  auricular  appendix, 
then  runs  obliquely  to  the  right  side  in  the  groove  between  the  right  auricle  and 
ventricle,  and,  curving  around  the  right  border  of  the  heart,  runs  along  its  posterior 
surface  as  far  as  the  posterior  interventricular  groove,  where  it  divides  into  two 
branches,  one  of  which  continues  onward  in  the  groove  between  the  left  auricle 
and  ventricle,  and  anastomoses  with  the  left  coronary ;  the  other  descends  along 
the  posterior  interventricular  furrow,  supplying  branches  to  both  ventricles  and  to 
the  septum,  and  anastomosing  at  the  apex  of  the  heart  with  the  descending 
branches  of  the  left  coronary. 

This  vessel  sends  a  large  branch  along  the  thin  margin  of  the  right  ventricle 
to  the  apex,  and  numerous  small  branches  to  the  right  auricle  and  ventricle,  and 
the  commencement  of  the  pulmonary  artery. 

The  Left  Coronary,  larger  than  the  former,  arises  immediately  above  the  free 
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edge  of  the  left  semilunar  valve,  a  little  higher  than  the  right ;  it  passes  forward 
between  the  pulmonary  artery  and  the  left  auricular  appendix,  and  divides  into 
two  branches.  Of  these,  one  passes  transversely  outward  in  the  left  auriculo- 
ventricular  groove,  and  winds  around  the  left  border  of  the  heart  into  its  posterior 
surface,  where  it  anastomoses  with  the  transverse  branch  of  the  right  coronary ; 
the  other  descends  along  the  anterior  interventricular  groove  to  the  apex  of  the 
heart,  where  it  anastomoses  with  the  descending  branches  of  the  right  coronary. 
The  left  coronary  supplies  the  left  auricle  and  its  appendix,  both  ventricles,  and 
numerous  small  branches  to  the  pulmonary  artery,  and  commencement  of  the 
aorta.* 

Peculiarities. — ^These  vessels  occasionally  arise  by  a  common  trunk,  or  their  number  may 
be  increased  to  three,  the  additional  branch  oeing  of  small  size.  More  rarely,  there  are  two 
additional  branches. 

THE  ARCH  OF  THE  AORTA. 

The  arch,  or  transverse  aorta,  commences  at  the  upper  border  of  the  second 
chondro-sternal  articulation  of  the  right  side,  and  passes  from  right  to  left,  and 
from  before  backward,  to  the  left  side  of  the  lower  border  of  the  fourth  dorsal 
vertebra  behind.  Its  upper  border  is  usually  about  an  inch  below  the  upper  mar- 
gin of  the  sternum. 

Relations. — Its  anterior  surface  is  covered  by  the  pleurae  and  lungs  and  the 
remains  of  the  thymus  gland,  and  crossed  toward  the  left  side  by  the  left  pneumo- 
gastric  and  phrenic  nerves  and  superior  cardiac  branches  of  the  left  sympathetic, 
and  by  the  left  superior  intercostal  vein.  Its  posterior  surface  lies  on  the  trachea, 
just  above  its  bifurcation,  on  the  great,  or  deep,  cardiac  plexus,  the  oesophagus, 
thoracic  duct,  and  left  recurrent  laryngeal  nerve.  Its  upper  border  is  in  relation 
with  the  left  innominate  vein,  and  from  its  upper  part  are  given  off  the  innom- 
inate, left  common  carotid,  and  left  subclavian  arteries.  Its  lower  border  is  in 
relation  with  the  bifurcation  of  the  pulmonary  artery,  the  remains  of  the  ductus 
arteriosus,  which  is  connected  with  the  left  division  of  that  vessel,  and  the  super- 
ficial cardiac  plexus;  the  left  recurrent  laryngeal  nerve  winds  round  it  from 
before  backward,  whilst  the  left  bronchus  passes  below  it. 


Plan  of  the  Relations  op  the  Arch  of  the  Aorta. 

Above. 


In  Front 

Pleurae  and  lungs. 
Remains  of  thymus  gland. 
Left  pneumogastric  ner\^e. 
Left  phrenic  nerve. 
Left  superior  cardiac  nerves. 
Left  superior  intercostal  vein. 


Left  innominate  vein. 
Innominate  artery. 
Left  carotid. 
Left  subclavian. 


Behind. 

TVachea. 

Deep  cardiac  plexus. 

(Esophagus. 

Thoracic  duct. 

Ijeft  recurrent  nerve. 


Below, 


Bifurcation  of  pulmonary  artery. 
Remains  of  ductus  arteriosus. 
Sunerficial  cardiac  plexus. 
Left  recurrent  nerve. 
Left  bronchus. 

Peculiarities.— The  height  to  which  the  aorta  rises  in  the  chest  is  usually  about  an  inch 
below  the  upper  border  of  the  sternum ;  but  it  may  ascend  nearly  to  the  top  of  that  bone. 
0(x;asionally  it  is  found  an  inch  and  a  half,  more  rarely  two  or  even  three  inches,  below  this 
point 

*  According  to  Dr.  Samuel  West,  there  is  a  very  free  and  complete  anastomosis  between  the  two 
coronary  arteries  (L<mcety  June  2,  1883,  p.  945).  This,  however,  is  not  the  view  general! jr  held  by 
anatomists,  for,  with  the  exception  of  the  anastomosis  mentioned  above  in  the  auriculo-ventncular  and 
interventricular  grooves,  it  is  believed  that  the  two  arteries  only  communicate  by  very  small  vessels 
in  the  substance  of  the  heart 
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la  Direction. — Sometimea  the  aoru  arches  over  the  root  of  the  right  instead  of  the  left 
iung,  as  in  hinia,  and  passes  down  on  tlie  right  side  of  the  spine.  In  such  cases  all  of  the 
viscera  of  the  thoracic  and  abdominal  cavities  are  transposed.  Less  frequently,  the  aorta,  after 
arching  over  the  root  of  the  right  lung,  ts  directed  to  its  usual  position  on  the  left  side  of  the 
spine,  this  peculiarity  not  being  accompanied  by  an^  transposition  of  the  viscera. 

In  Oonfonn&tion.— The  aorta  occasionally  divides,  as  in  some  auadrupeds,  into  an  ascend- 
injt  and  descending  trunk,  the  former  of  which  is  directed  vertically  upward,  and  subdivides 
into  three  branches,  to  supplv  the  head  and  upper  extremities.  Sometimes  the  aorta  subdivides 
soon  after  iU  origin  into  two  branches,  which  soon  reunite.  In  one  of  these  cases  the  oesophagus 
and  trachea  were  found  to  pass  through  the  interval  left  by  their  divbion  ;  this  is  the  normal 
condition  of  the  vessel  in  the  reptilia. 

Burcical  Anatomy.— Of  all  the  vessels  of  the  arterial  system,  the  aorta,  and  more  espe- 
cially iia  arch,  is  most  frequently  the  seat  of  disease ;  hence  it  is  important  to  consider  some  of 
the  consequences  that  may  ensue  from  aneurism  of  this  part 

It  will  be  remembered  that  the  ascending  aorta  is  contained  in  the  pericardium,  just  behind 
the  Btemum,  being  crossed  at  its  commencement  by  the  pulmonaiy  artery  and  right  auricular 
appendix,  and  having  the  root  of  the  right  lung  behind,  tbe  vena  cava  on  the  right  side,  and 
the  pulmonary  artery  and  left  auricle  on  the  left  side. 

Aneurism  of  the  ascending  aorta,  in  tbe  situation  of  the  aortic  sinu-ies,  in  the  great  majority 


It  veuels  at  bue  o!  heart,  seen  from  above.    (From  a  preparation  In  tbe  Museum 


of  cases,  affects  the  right  anterior  sinus ;  this  is  m^nly  owing  to  the  fact  that  tbe  regurgitation 
of  blood  umm  the  sinuses  takes  place  chiefly  on  the  right  anterior  aspect  of  the  vessd.  Aa  the 
aneuriamal  sac  enlarges  it  may  compress  any  or  all  of  the  structures  in  immediate  proximity  with 
it.  but  chiefly  projects  towara  the  right  anterior  side,  and.  consenuently,  interferes  mainly  with 
those  structures  that  have  a  corresponding  relation  with  the  vessel.  In  the  majority  of  cases  it 
bursts  into  tbe  cavity  of  the  pericardium,  the  patient  suddenly  drops  down  dead,  and,  upoD  a 
post-mortem  examination,  the  pericardial  gac  is  found  full  of  blood ;  or  it  may  compress  the 
right  auricle,  or  the  pulmonary  artery,  and  adjoining  part  of  ihe  right  ventricle,  and  open  into 
3  or  the  other  of  these  parts,  or  may  press  ujK>n  tne  superior  vena  cava. 
Aneurism  of  the  ascending  aorta,  originating  above  the  sinuses,  most  frequently  implicates 


the  right  anterior  wall  of  the  vessel ;  this  is  profiihly  mainlj'  owing  to  the  blood  being  impelled 
against  this  part.  The  direction  of  the  aneurism  is  also  chiefly  toward  the  right  of  the  median 
line.  If  it  attains  a  large  size  and  projects  forward,  it  mav  absorb  the  sternum  and  the  cartila^s 
of  the  ribs,  usually  on  the  right  side,  and  appear  as  a  pulsating  tumor  on  the  front  of  the  chest, 
mst  below  the  manubrium ;  or  it  may  burst  into  the  pericardium,  or  may  compress  or  open  into 
the  rieht  lung,  the  trachea,  bronchi,  or  oesophagus. 

Regarding  the  transverse  aorta,  the  student  is  reminded  that  the  vessel  lies  on  the  trachea, 
the  ccsophagus,  and  thoracic  duct ;  that  the  recurrent  iarjngeal  nerve  winds  oround  it ;  and  that 
from  its  upper  part  are  given  off  three  large  trunks,  whicli  supply  the  head,  neck,  and  upper 
eitreraities.  Now,  an  anuurisiual  tumor,  taking  origin  from  the  posterior  part  or  right  aspect  of 
the  vessel,  its  most  usual  site,  may  press  upon  the  trachea,  impede  the  breathing,  or  produce 
couch,  hiemoptysis.  or  stridulous  breathing,  or  it  way  ultimately  hurst  into  that  tube,  produmne 
filial  hsemorrhage.  Again,  its  pressure  on  the  lar>'ngeal  nerves  may  give  rise  to  symptoms  which 
90  accurately  resemble  tliosie  of  larj'ngitis  that  the  operation  of  tracheotomy  has  in  some  coses 
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been  resorted  to,  from  the  supposition  that  disease  existed  in  the  larynx ;  or  it  may  press  upon 
the  thoracic  duct  and  destroy  life  by  inanition ;  or  it  may  involve  the  oesophagus,  producing 
d}'sphagia ;  or  may  burst  into  the  oesophagus,  iirhen  fatal  haemorrhage  will  occur.  Again,  the 
innominate  artery,  or  the  subclavian,  or  lefl  carotid,  may  be  so  obstructed  by  clots  as  to  produce 
a  weakness,  or  even  a  disappearance,  of  the  pulse  in  one  or  the  other  wrist  or  in  the  left  tem- 
poral artery ;  or  the  tumor  may  present  itself  at  or  above  the  manubrium,  generally  either  in  the 
median  line  or  to  the  right  of  the  sternum,  and  may  simulate  an  aneurism  of  one  of  the  arteries 
of  the  neck. 

Branches  of  the  Arch  of  the  Aor^a  (Figs.  344,  345). 

The  branches  given  oiF  from  the  arch  of  the  aorta  are  three  in  number :  the 
innominate  artery,  the  left  common  carotid,  and  the  left  subclavian. 

Peculiarities.— Position  ofthe  Branches.— The  branches,  instead  of  arising  from  the  high- 
est part  of  the  arch  (their  usual  position),  may  be  moved  more  to  the  right,  arising  from  the 
commencement  of  the  transverse  or  upper  part  of  the  ascending  portion :  or  the  distance  from 
ODe  another  at  their  origin  may  be  increased  or  diminished,  the  most  frequent  change  in  this 
respect  being  the  approximation  of  the  left  carotid  toward  the  innominate  artery. 

The  Number  of  the  primary  branches  may  be  reduced  to  two :  the  left  carotid  arising  from 
the  innominate  arter^',  or  (more  rarely)  the  carotid  and  subclavian  arteries  of  the  left  side  aris- 
ing from  a  left  innominate  artery.  But  the  number  may  be  increased  to  four,  from  the  right 
carotid  and  subclavian  arteries  arising  directly  from  the  aorta,  the  innominate  being  absent  In 
most  of  these  latter  cases  the  right  subclavian  has  been  found  to  arise  from  the  left  end  of  the 
arch ;  in  other  eases  it  was  the  second  or  third  branch  given  ojf  instead  of  the  first.  Lastly,  the 
number  of  trunks  from  the  arch  may  be  increased  to  five  or  six ;  in  these  instances  the  external 
and  internal  carotids  arise  separately  from  the  arch,  the  common  carotid  being  absent  on  one  or 
both  sides.    • 

Number  Usual,  Arrangement  Different. — ^When  the  aorta  arches  over  to  the  right  side, 
the  three  branches  have  an  arrangement  the  reverse  of  what  is  usual,  the  innominate  supplying 
the  left  side,  and  the  carotid  and  subclavian  (which  arise  separately)  the  ri^ht  side.  In  other 
eases,  where  the  aorta  takes  its  usual  course,  the  two  carotids  mav  be  joined  m  a  common  trunk, 
and  the  subclavians  arise  separately  from  the  arch,  the  right  subclavian  generally  arising  from 
the  left  end  of  the  arch. 

Secondary  Branches  sometimes  arise  froin  the  arch;  most  commonly  such  a  secondary 
branch  is  the  left  vertebral,  which  usually  takes  origin  between  the  left  carotid  and  left  subcla- 
vian, or  beyond  them.  Sometimes,  a  thyroid  branch  is  derived  from  the  arch,  or  the  right 
internal  mammary,  or  right  vertebral,  or,  more  rarely,  both  vertebral.' 

THE  INNOMINATE  A&TEBY. 

The  innominate  artery  (brachio-cephalic)  is  the  largest  branch  given  off  from 
the  arch  of  the  aorta.  It  arises  opposite  the  fourth  dorsal  vertebra  from  the 
commencement  of  the  arch  of  the  aorta  in  front  of  the  left  carotid,  and,  ascending 
obliquely  to  the  upper  border  of  the  right  sterno-clavicular  articulation,  divides 
into  the  right  common  carotid  and  right  subclavian  arteries.  This  vessel  varies 
from  an  inch  and  a  half  to  two  inches  in  length. 

Belations. — In  fronts  it  is  separated  from  the  first  bone  of  the  sternum  by  the 
Stemo-hyoid  and  Sterno-thyroid  muscles,  the  remains  of  the  thymus  gland,  the 
left  innominate  and  right  inferior  thyroid  veins  which  cross  its  root,  and  some- 
times the  inferior  cervical  cardiac  branch  of  the  right  pneumogastric.  Behind^  it 
lies  upon  the  trachea,  which  it  crosses  obliquely.  On  the  right  side  is  the  right 
innominate  vein,  right  pneumogastric  nerve,  and  the  pleura ;  and  on  the  left  side^ 
the  remains  of  the  thymus  gland,  the  origin  of  the  left  carotid  artery,  the  left 
inferior  thyroid  vein,  and  the  trachea. 

Branches. — The  innominate  usually  gives  off  no  branches,  but  occasionally  a 
small  branch,  the  thyroidea  ima,  is  given  off  from  this  vessel.  It  also  sometimes 
gives  oflF  a  thymic  or  bronchial  branch.  The  Thyroidea  ima  ascends  in  front  of 
the  trachea  to  the  lower  part  of  the  thyroid  body,  which  it  supplies.  It  varies 
greatly  in  size,  and  appears  to  compensate  for  deficiency  or  absence  of  one  of  the 
other  thvroid  vessels.  It  occasionallv  is  found  to  arise  from  the  subclavian  or 
mtemal  mammarv  vessel. 

*  The  anomalies  of  the  aorta  and  its  branches  are  minutely  described  by  Krause  in  Henle's 
Anatomy  (Brunswick,  1868),  vol.  iii.  p.  203  ei  seq. 
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Plan  of  the  Relations  of  the  Innominate  Artery. 

In  front 
Sternum. 

Sterno-hyoid  and  Sterno-thyroid  muscles. 
Remains  of  thymus  gland. 
Left  innominate  and  right  inferior  thyroid  veins. 
Inferior  cervical  cardiac  branch  from  right  pneumogastric  nerve. 

Right  side.  f  \  Leftside. 

Right  innominate  vein.  (   innominate    |  Remains  of  thymus. 

Right  pneumogastric  nerve.  I      ^^^^-      j  Left  carotid. 

Pleura.  V  /  Left  inferior  thyroid  vein. 

\_^^  Trachea. 

Behind, 

Trachea. 

Peculiarities  in  Point  of  Division. — ^When  the  bifurcation  of  the  innominate  arteiy  varies 
from  the  point  above  mentioned,  it  sometimes  ascends  a  considerable  distance  above  the  sternal 
end  of  the  clavicle  ;  less  frequently  it  divides  below  it.  In  the  former  class  of  cases  its  length 
may  exceed  two  inches,  and  m  the  latter  be  reduced  to  an  inch  or  less.  These  are  points  of  con- 
siderable interest  for  the  surgeon  to  remember  in  connection  with  the  operation  of  tying  this  vessel 

Position. — When  the  aorta  arches  over  to  the  right  side,  the  innominate  is  directed  to  the 
left  side  of  the  neck  instead  of  the  right. 

Collateral  Circulation. — Allan  bums  demonstrated,  on  the  dead  subject,  the  possibility  of 
the  establishment  of  the  collateral  circulation  after  ligature  of  the  innominate  artery,  by  tying 
and  dividing  that  artery,  after  which,  he  says,  "Even  coarse  injection,  impelled  into  the  aorta, 
passing  freely  by  the  anastomosing  branches  into  the  arteries  of  the  right  arm,  filling  them  and 
all  the  vessels  of  the  head  completely"  (^Surgical  Anatomy  of  the  Head  and  Aeck,  p.  62'. 
The  branches  by  which  this  circulation  would  oe  carried  on  are  very  numerous ;  thus,  all  the 
communications  across  the  middle  line  between  the  branches  of  the  carotid  arteries  of  opposite 
sides  would  be  available  for  the  supply  of  blood  to  the  right  side  of  the  head  and  neck ;  while 
the  anastomosis  between  the  superior  mtercostal  of  the  subclavian  and  the  first  aortic  intercos^tal 
(see  infra  on  the  collateral  circulation  after  obliteration  of  the  thoracic  aorta)  would  bring  the 
blood,  by  a  free  and  direct  course,  into  the  right  subclavian :  the  numerous  connections,  also, 
between  the  intercostal  arteries  and  the  branches  of  the  axillary  and  internal  maminary  arteries 
would,  doubtless,  assist  in  the  supi)ly  of  blood  to  the  right  arm,  while  the  epigastric,  from  the 
external  iliac,  would,  by  means  of  its  anastomosis  with  the  internal  mammary,  compensate  for 
any  deficiency  in  the  vascularity  of  the  wall  of  the  chest. 

Surgical  Anatomy. — Although  the  operation  of  tying  the  innominate  artery  has  been 
performed  by  several  surgeons  for  aneurism  of  the  right  subclavian  extending  inward  as  far  as 
the  Scalenus,  in  only  two  instances  has  the  patient  survived.*  Mott's  patient,  however,  on  whom 
the  operation  was  first  performed,  lived  nearly  four  weeks,  and  Graefe's  more  than  two  months. 
The  main  obstacles  to  the  operation  are,  as  the  student  will  perceive  from  his  dissection  of  this 
vessel,  the  deep  situation  of  the  artery  behind  and  beneath  the  sternum  and  the  number  of 
important  structures  which  surround  it  in  every  part. 

In  order  to  apply  a  ligature  to  this  vessel,  the  patient  is  to  be  placed  upon  his  back,  with  the 
thorax  sHghtly  raised,  the  nead  bent  a  little  backward,  and  the  shoulder  on  the  side  of  the  aneu- 
rism strongly  depressed,  so  as  to  draw  out  the  arterv  from  behind  the  sternum  into  the  neck. 
An  incision  three  or  more  inches  long  is  then  made  alone:  the  anterior  border  of  the  Stemo-mas- 
toid  muscle,  terminating  at  the  sternal  end  of  the  clavicle.  From  this  point  a  second  incision  is 
carried  about  the  same  length  along  the  upper  border  of  the  clavicle.  The  skin  is  then  dissected 
back,  and  the  Platysma  divided  on  a  director :  the  sternal  end  of  the  Stemo-mastoid  is  now 
brought  into  view,  and,  a  director  being  passed  beneath  it  and  close  to  its  under  surface,  so  as  to 
avoid  any  small  vessels,  it  is  to  be  divided  ;  in  like  manner  the  clavicular  origin  is  to  be  divided 
throughout  the  whole  or  greater  part  of  its  attachment.  By  pressing  aside  any  loose  cellular 
tissue  or  vessels  that  inay  now  appear  the  Sterno-hyoid  and  Stemo-th3nt)id  muscles  will  be 
exposed,  and  must  be  divided,  a  director  being  previously  passed  beneath  them.  The  inferior 
thyroid  veins  may  come  into  view,  and  must  be  carefully  drawn,  either  upward  or  downward,  by 
means  of  a  blunt  hook,  or  tied  with  double  hcatures  and  divided.  After  tearing  through  a 
strong  fibro-cellular  lamina,  the  right  carotid  is  brought  into  view,  and,  being  traced  downward, 
the  arteria  innominata  is  arrived  at.  The  left  innominate  vein  should  now  be  depressed ;  the 
rififht  innominate  vein,  the  internal  jugular  vein,  and  the  pneumogastric  nerve  drawn  to  the  right 
side ;  and  a  curved  aneurism  needle  may  then  be  passed  around  the  vessel,  close  to  its  surface, 
and  in  a  direction  from  below  upward  and  inward,  care  being  taken  to  avoid  the  right  pleural 
sac,  the  trachea,  and  cardiac  nerves.  The  ligature  should  be  applied  to  the  arter>'  as  nigh  as 
possible,  in  order  to  allow  room  between  it  and  the  aorta  for  the  formation  of  the  coagulum. 

*  In  one  of  these  the  operation  was  performed  by  Dr.  Smyth  of  New  Orleans.  See  the  New 
Sydenham  Society's  Biennial  Retrospect  for  1865-6,  p.  84().  In  the  other,  the  operation  was  performed 
by  Dr.  Mitchell  Banks  in  the  Liverpool  Infirmary.  The  case  is  recorded  by  Mr.  Jacobeon  in  Oper- 
ations  of  Suryet^y  p.  536. 
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The  importance  of  avoiding  the  thyroid  plexus  of  veins  daring  the  primary  steps  of  the  opera- 
tion, and  the  pleural  sac  whilst  including  the  vessel  in  the  Dgature,  should  be  most  carefiilly 
borne  in  mind.  The  most  frequent  cause  of  death  after  operation  is  secondary  haemorrhage, 
which  has  occurred  in  almost  every  case.  Other  causes  are  pleurisy,  pericarditis,  and  suppura- 
tive cellulitis. 

THE  COMMON  CA&OTID  A&TEBIES. 

The  common  carotid  arteries,  although  occupying  a  nearly  similar  position  in 
the  neck,  diflFer  in  position,  and,  consequently,  in  their  relation  at  their  origin. 
The  right  carotid  arises  from  the  innominate  artery,  behind  the  right  sterno- 
clavicular articulation  ;  the  left  from  the  highest  part  of  the  arch  of  the  aorta. 
The  left  carotid  is,  consequently,  longer,  and  at  its  origin  is  contained  within  the 
thorax.  The  course  and  relations  of  that  portion  of  the  left  carotid  which  inter- 
venes between  the  arch  of  the  aorta  and  the  left  sterno-clavicular  articulation  will 
first  be  described  (see  Fig.  344). 

The  left  carotid  within  the  thorax  ascends  obliquely  outward  from  the  arch  of 
the  aorta  to  the  root  of  the  neck.  In  fronts  it  is  separated  from  the  first  piece  of 
the  sternum  by  the  Sterno-hyoid  and  Stemo-thyroid  muscles,  the  left  innominate 
vein,  and  the  remains  of  the  thymus  gland ;  behind^  it  lies  on  the  trachea,  oesoph- 
agus, and  thoracic  duct.  Internally^  it  is  in  relation  with  the  innominate 
artery,  inferior  thyroid  veins  and  remains  of  thymus  gland ;  externally^  with  the 
left  pneumogastric  nerve,  left  pleura,  and  lung.  The  left  subclavian  artery  is 
posterior  and  external  to  it. 

Plan  of  the  Relations  of  the  Left  Common  Carotid. 

Thoracic  Portion. 

Infront. 
Sternum. 

Sterno-hyoid  and  Stemo-thyroid  muscles. 
Left  innominate  vein. 
Remains  of  thymus  gland. 

IntemaJly.  /heftc  \  Externally, 

Innominate  artery.  [     xhOTadc      J  ^^  pneumogastric  nerve. 

Inferior  thyroid  veins.  V     PorSm?    /  I^ft  pleura  and  lung. 

Remains  of  thymus  gland.  \  /  Left  subclavian  arteiy. 

Behind, 

Trachea. 
(Esophagus. 
Thoracic  duct. 

In  the  neck  the  two  common  carotids  resemble  each  other  so  closely  that  one 
description  will  apply  to  both.  Each  vessel  passes  obliquely  upward  from  behind 
the  sterno-clavicular  articulation  to  a  level  with  the  upper  border  of  the  thyroid 
cartilage,  opposite  the  third  cervical  vertebra,  where  it  divides  into  the  external 
and  internal  carotid ;  these  names  being  derived  from  the  distribution  of  the 
arteries  to  the  external  parts  of  the  head  and  face  and  to  the  internal  parts  of  the 
cranium  and  orbit  respectively. 

At  the  lower  part  of  the  neck  the  two  common  carotid  arteries  are  separated 
from  each  other  by  a  very  small  interval,  which  contains  the  trachea ;  but  at  the 
upper  part,  the  thyroid  body,  the  larynx  and  pharynx  project  forward  between 
the  two  vessels,  and  give  the  appearance  of  their  being  placed  farther  back  in  that 
situation.  The  common  carotid  artery  is  contained  in  a  sheath  derived  from  the 
deep  cervical  fascia,  which  also  encloses  the  internal  jugular  vein  and  pneumo- 
gastric nerve,  the  vein  lying  on  the  outer  side  of  the  artery,  and  the  nerve  between 
the  artery  and  vein,  on  a  plane  posterior  to  both.  On  opening  the  sheath  these 
three  structures  are  seen  to  be  separated  from  one  another,  each  being  enclosed  in 
a  separate  fibrous  investment. 

Relations. — At  the  lower  part  of  the  neck  the  common  carotid  artery  is  very 
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deeply  seated,  being  covered  by  the  integument,  superficial  fascia,  Platysma.  aDd 
deep  cervical  fascia,  the  Stemo-masloid,  Sterno-hyoid,  and  S tern o- thyroid  muscles, 
and  by  the  Omo-hyoid,  opposite  the  cricoid  cartilage  ;  1ml  in  the  upper  part  of  its 
course,  near  its  termination,  it  is  more  superficial,  being  covered  merely  by  the 
integument,  the  superficial  fascia,  Platysma,  deep  cervical  fascia,  and  inner  margin 
of  the  Steroo-mastoid,  and  is  contained  in  a  triangular  space,  bounded  behind  by 
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the  Stemo-mastoid,  above  by  the  posterior  belly  of  the  Digastric,  and  below  by 
the  anterior  belly  of  the  Omo-hyoid.  This  part  of  the  artery  is  crossed  obliquely, 
from  within  outward,  by  the  sterno-mastoid  artery ;  it  is  crossed  also  by  one,  or 
sometimes  two  superior  thyroid  veins,  which  terminate  in  the  internal  jugular: 
and,  descending  on  its  sheath  in  front,  is  seen  the  descendens  hypoglossi  nerve, 
this  filament  being  joined  by  one  or  two  branches  from  the  cervical  nerves,  which 
cross  the  vessel  from  without  inward.  Sometimes  the  descendens  hypoglossi  is 
contained  within  the  sheath.     The  middle  thyroid  vein  crosses  the  artery  about 
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its  middle,  and  the  anterior  jugular  vein  below.  Behind^  the  artery  lies  in  front 
of  the  cervical  portion  of  the  spine,  resting  first  on  the  Longus  colli  muscle,  then 
on  the  Rectus  capitis  anticus  major,  from  which  it  is  separated  by  the  sympathetic 
nerve.  The  recurrent  laryngeal  nerve  and  inferior  thyroid  artery  cross  behind  the 
vessel  at  its  lower  part.  Internally^  it  is  in  relation  with  the  trachea  and  thyroid 
gland,  the  inferior  thyroid  artery  and  recurrent  laryngeal  nerve  being  interposed : 
higher  up,  with  the  larynx  and  pharynx.  On  its  outer  side  are  placed  the  internal 
jugular  vein  and  pneumogastric  nerve. 

At  the  lower  part  of  the  neck  the  internal  jugular  vein  on  the  right  side 
diverges  from  the  artery,  but  on  the  left  side  it  approaches  it,  and  often  crosses 
its  lower  part.  This  is  an  important  fact  to  bear  in  mind  during  the  performance 
of  any  operation  on  the  lower  part  of  the  left  common  carotid  artery. 

Plan  of  the  Relations  of  the  Common  Carotid  Artery. 

In  front 

Integument,  and  superficial  fascia.  Omo-hyoid. 

Deep  cervical  fascia.  Descendens  and  Communicans  hypoglossi  nervea 

Platysma.  Sterno-niastoid  arter>\ 

Stemo-mastoid.  Superior  and  middle  thyroid  veins. 

Stemo-hyoid.  Anterior  jugular  vein. 

Sterno-tnyroid. 

©Internally. 
Thyroid  gland. 
Recurrent  laryngeal  nerve. 
Inferior  thyroid  artery. 
Lar>'nx. 
Pharj'nx. 

Behind. 
Longus  colli.  Sympathetic  nerve. 

Rectus  capitis  anticus  major.  Inferior  thyroid  artery. 

Recurrent  laryngeal  nerve. 

Peculiarities  as  to  Origin. — ^The  right  common  carotid  may  arise  above  or  below  its  usual 
point,  the  upper  border  of  the  stemo-clavicular  articulation.  This  variation  occurs  in  one  out  of 
about  eight  cases  and  a  half,  and  the  origin  is  more  frequently  above  than  below  the  usual  point ; 
or  the  artery  may  arise  as  a  separate  branch  from  the  arch  of  the  aorta  or  in  conjunction  with  the 
left  carotid.  The  left  common  carotid  varies  more  frequently  in  its  origin  than  the  right.  In 
the  majority  of  abnormal  cases  it  arises  with  the  innominate  artery,  or^  if  the  innominate  artery 
is  absent,  the  two  carotids  arise  usually  by  a  single  trunk.  The  left  carotid  is  occasionally  the 
first  branch  given  oflP  from  the  arch  of  the  aorta.  It  rarely  joins  with  the  leil  subclavian,  except 
in  cases  of  transposition  of  the  arch. 

Peculiarities  as  to  Point  of  Division. — ^The  most  important  peculiarities  of  this  vessel, 
in  a  surgical  point  of  view,  relate  to  its  place  of  division  in  the  neck.  In  the  mjyority  of 
abDormal  cases  this  occurs  higher  than  usual,  the  artery  dividing  into  two  branches  opposite 
the  hyoid  bone,  or  even  higher;  more  rarely,  it  occurs  below  its  usual  place,  opposite  the 
middle  of  the  larynx  or  the  lower  border  of  the  cricoid  cartilage;  and  one  case  is  related  by 
Morgagni  where  the  common  carotid,  only  an  inch  and  a  half  in  length,  divided  at  the  root  of 
the  neck.  Very  rarely  the  common  carotid  ascends  in  the  neck  without  any  subdivision,  the 
internal  carotid  being  wanting;  and  in  a  few  cases  the  common  carotid  has  been  found  to  be 
absent,  the  external  and  internal  carotids  arising  directly  from  the  arch  of  the  aorta.  This 
peculiarity  existed  on  both  sides  in  some  instances,  on  one  side  in  others. 

Occasional  Branches. — ^The  common  carotid  usually  gives  off  no  branch  previous  to  its 
bifurcation ;  but  it  occasionally  gives  origin  to  the  superior  thyroid  or  its  laryngeal  branch,  the 
inferior  thyroid,  or,  more  rarely,  the  vertebral  artery. 

SurfiEUse  Marking. — ^The  carotid  arteries  are  overlapped  throughout  their  entire  extent  by 
the  anterior  border  of  the  Sterno-mastoid  muscle,  but  their  course  does  not  correspond  to  the 
border  of  the  muscle,  which  passes  in  a  somewhat  curved  direction  from  the  mastoid  process  to 
the  stemo-clavicular  joint.  The  course  of  the  artery  is  indicated  more  exactly  by  a  line  drawn 
from  the  sternal  end  of  the  clavicle  below,  to  a  point  midway  between  the  angle  of  the  jaw  and 
the  mastoid  process  above.  That  portion  of  the  line  below  the  l^vel  of  the  upper  border  of  the 
thyroid  cartimge  would  represent  the  course  of  the  vessel. 

Surgical  Anatomy. — ^The  operation  of  tying  the  common  carotid  arter>'  may  be  necessary 
in  a  case  of  wound  of  that  vessel  or  its  branches,  in  aneurism,  or  in  a  case  of  pulsating  tumor  oi 
the  orbit  or  skull.     If  the  wound  involves  the  trunk  of  the  common  carotid,  it  will  be  necessary 
to  tie  the  artery  above  and  below  the  wounded  part.     But  in  cases  of  aneurism,  or  where  one  of 
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the  branches  of  the  common  carotid  is  wounded  in  an  inaccessible  sitaation,  it  may  be  judged 
necessary  to  tie  the  trunk.  In  such  cases  the  whole  of  the  arteiy  is  accessible,  and  any  part  may 
be  tied  except  close  to  either  end.  When  the  case  is  such  as  to  allow  of  a  choice  bein^  made, 
the  lower  part  of  the  carotid  should  never  be  selected  as  the  spot  upon  which  to  place  a  ligature, 
for  not  only  is  the  artery  in  this  situation  placed  very  deeply  in  the  neck,  but  it  is  covered 
by  three  layers  of  muscles,  and,  on  the  lefl  side,  the  internal  jugular  vein,  in  the  great  msg'ority 
of  cases,  passes  obliquely  in  front  of  it  Neither  should  the  upper  end  be  selected^  for  here  the 
superior  thyroid  vem  and  its  tributaries  would  give  rise  to  ver}'  considerable  difficulty  in  the 
application  of  a  ligature.  The  point  most  favorable  for  the  operation  is  that  part  of  the  vessel 
which  is  at  the  level  of  the  cricoid  cartilage.  It  occasionally  happens  that  the  carotid 
artery  bifurcates  below  its  usual  position :  if  the  artery  be  ex)x)sed  at  its  point  of  bifiircation, 
both  divisions  of  the  vessel  should  be  tied  near  their  origin,  in  preference  to  tyine  the  trunk 
of  the  artery  near  its  termination ;  and  if,  in  consequence  of  the  entire  absence  of  the  common 
carotid  or  from  its  early  division,  two  arteries,  the  external  and  internal  carotids,  are  met  with, 
the  ligature  should  be  placed  on  that  vessel  which  is  found  on  compression  to  be  connected  with 
the  disease. 

In  this  operation  the  direction  of  the  vessel  and  the  inner  margin  of  the  Stemo-mastoid  are 
the  chief  guides  to  its  performance.  The  patient  should  be  placed  on  his  back  with  the  head 
thrown  back  and  turned  slightl:^  to  the  opposite  side :  an  incision  is  to  be  made,  three  inches 
long,  in  the  direction  of  the  anterior  border  of  the  Stemo-mastoid,  so  that  the  centre  corresponds 
to  the  level  of  the  cricoid  cartilage:  a^r  dividing  the  integument,  superficial  fascia,  and 
Platysma,  the  deep  fascia  must  oe  cut  through  on  a  director,  so  as  to  avoid  wounding 
numerous  small  veins  that  are  usually  found  beneath.  The  head  may  now  be  brought  forward 
so  as  to  relax  the  parts  somewhat,  and  the  margins  of  the  wound  held  asunder  by  retractors. 
The  descendens  hypoglossi  nerve  may  now  be  exposed,  and  must  be  avoided,  and,  the  sheath  of 
the  vessel  having  been  raised  by  forceps,  is  to  be  oi)ened  to  a  small  extent  over  the  artery  at  its 
inner  side.  The  internal  jugular  vein  may  present  itself  alternately  distended  and  relaxed ;  this 
should  be  compressed  both  above  and  below,  and  drawn  outward,  in  order  to  facilitate  the  opera- 
tion. The  aneurism  needle  is  passed  from  the  outside,  care  being  taken  to  keep  the  needle  in 
close  contact  with  the  artery,  and  thus  avoid  the  risk  of  injuring  the  internal  jugular  vein  or 
including  the  vagus  nerve.  Before  the  ligature  is  tied  it  should  be  ascertained  that  nothing  but 
the  artery  is  included  in  it. 

IJgature  of  the  Common  Oarotid  at  the  Lower  Part  of  the  Neck.— This  operation  is 
sometimes  required  in  cases  of  aneurism  of  the  upper  part  of  the  carotid,  especially  if  the  sac  is 
of  large  size.  It  is  best  performed  b^  dividing  the  sternal  origin  of  the  Stemo-mastoid  muscle, 
but  may  be  done  in  some  cases,  if  the  aneurism  is  not  of  very  large  size,  b^  an  incision 
along  the  anterior  border  of  the  Stemo-mastoid,  extending  down  to  the  stemo-clavicular  articula- 
tion, and  by  then  retracting  the  muscle.  The  easiest  and  best  plan,  however,  is  to  make  an 
incision  two  or  three  inches  long  down  the  lower  part  of  the  anterior  border  of  the  Stemo- 
mastoid  muscle  to  the  stemo-clavicular  ioint,  and  a  second  incision,  starting  from  the  termination 
of  the  first,  along  the  upper  border  of  the  clavicle  for  about  two  inches.  This  incision  is  made 
through  the  superficial  and  deep  fascia,  and  the  sternal  origin  of  the  muscle  exposed.  This  is  to 
be  divided  on  a  director,  and  turned  up,  with  the  superficial  structures,  as  a  triangular  flap. 
Some  loose  connective  tissue  is  to  be  divided  or  tom  through,  and  the  outer  border  of  the 
Stemo-hyoid  muscle  exposed.  In  doing  this  care  must  be  taken  not  to  wound  the  anterior 
jugular  vein,  which  crosses  the  muscle  to  reach  the  extemal  jugular  or  subclavian  vein.  The 
Stemo-hyoid,  and  with  it  the  Sterno-th3rroid.  are  to  be  drawn  inward  by  means  of  a  retractor, 
and  the  sheath  of  the  vessel  is  exposed.  This  must  be  opened  with  great  care  on  its  inner 
or  tracheal  side,  so  as  to  avoid  the  intemal  jugular  vein.  This  is  especiallv  necessary  on 
the  left  side,  where  the  artery  is  commonly  overlapped  bv  the  vein.  On  the  ridbt  side  there  is 
usually  an  interval  between  the  artery  and  the  vein,  and  not  the  same  risk  of  wounding  the 
latter. 

The  common  carotid  artery,  being  a  long  vessel  without  any  branches,  is  particularly  suitable 
for  the  performance  of  Brasdor's  operation  for  the  cure  of  an  aneurism  of  the  lower  part  of  the 
vessel.  Brasdor's  procedure  consists  in  ligaturing  the  artery  on  the  distal  side  of  the  aneurism, 
and  in  the  case  of  the  common  carotid  there  are  no  branches  given  off  from  the  vessel  between 
the  aneurism  and  the  site  of  the  ligature ;  hence  little  or  no  blood  passes  through  the  sac  of  the 
aneurism,  and  consequently  it  and  the  vessel  shrinks,  and  a  cure  is  effected. 

Oollateral  Circulation. — ^Afler  ligature  of  the  comnaon  carotid  the  collateral  circulation 
can  be  perfectly  established,  by  the  free  communication  which  exists  between  the  carotid  arteries 
of  opposite  sides,  both  without  and  within  the  cranium,  and  by  enlargement  of  the  branches  of 
the  subclavian  artery  on  the  side  corresponding  to  that  on  which  the  vessel  has  been  tied — the 
chief  communication  outside  the  skull  taking  place  between  the  superior  and  inferior  thyroid 
arteries,  and  the  profunda  cervicis  and  artena  princeps  cervicis  of  the  occipital ;  the  vertebral 
taking  the  place  of  the  internal  carotid  within  the  cranium. 

Sir  A.  Cooper  had  an  opportunity  of  dissecting,  thirteen  years  afler  the  operation,  the  case 
in  which  he  first  successfully  tied  the  common  carotid  (the  second  case  in  which  he  performed 
the  operation).*  The  injection,  however,  does  not  seem  to  have  been  a  suocessftd  one.  It 
showed  merely  that  the  arteries  at  the  base  of  the  brain  (circle  of  Willis)  were  much  enlarged  on 
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the  side  of  the  tied  artery,  and  that  the  anastomosis  between  the  branches  of  the  external  carotid 
on  the  affected  side  and  tnose  of  the  same  artery  on  the  sound  side  was  free,  so  that  the  external 
carotid  was  pervious  throughout 

The  External  Oarotid  Artery. 

The  external  carotid  artery  (Fig.  347)  commences  opposite  the  upper  border  of 
the  thyroid  cartilage,  and  taking  a  slightly  curved  course,  passes  upward  and  for- 
ward, and  then  inclines  backward  to  the  space  between  the  neck  of  the  condyle 
of  the  lower  jaw  and  the  external  meatus,  where  it  divides  into  the  temporal  and 
internal  maxillary  arteries.  It  rapidly  diminishes  in  size  in  its  course  up  the  neck, 
owing  to  the  number  and  large  size  of  the  branches  given  off  from  it.  In  the  child 
it  is  somewhat  smaller  than  the  internal  carotid,  but  in  the  adult  the  two  vessels 
are  of  nearly  equal  size.  At  its  commencement  this  artery  is  more  superficial,  and 
placed  nearer  tne  middle  line  than  the  internal  carotid,  and  is  contained  in  the 
triangular  space  bounded  by  the  Sterno-mastoid  behind,  the  Omo-hyoid  below, 
and  the  posterior  belly  of  the  Digastric  and  Stylo-hyoid  above. 

Relations. — It  is  covered  by  the  skin,  superficial  fascia,  Platysma,  deep  fascia, 
and  anterior  margin  of  the  Sterno-mastoid,  crossed  by  the  hypoglossal  nerve,  and 
by  the  lingual  atid  facial  veins;  it  is  afterward  crossed  by  the  Digastric  and 
Stylo-hyoid  muscles,  and  higher  up  passes  deeply  into  the  substance  of  the  parotid 
gland,  where  it  lies  beneath  the  facial  nerve  and  the  junction  of  the  temporal  and 
internal  maxillary  veins. 

Internally  is  the  hyoid  bone,  wall  of  the  pharynx,  the  superior  laryngeal 
nerve,  and  the  ramus  of  the  jaw,  from  which  it  is  separated  by  a  portion  of  the 
parotid  gland.  Externally ^  in  the  lower  part  of  its  course,  is  the  internal  carotid 
artery. 

Behind  it,  near  its  origin,  is  the  superior  laryngeal  nerve ;  and  higher  up  it  is 
separated  from  the  internal  carotid  by  the  Stylo-glossus  and  Stylo-pharyngeus 
muscles,  the  glosso-pharyngeal  nerve,  and  part  of  the  parotid  gland. 

SnriiBtce  Marking. — The  position  of  the  external  carotid  artery  may  be  marked  out  with 
sufficient  accuracy  by  a  line  drawn  firom  the  front  of  the  meatus  of  the  external  ear  to  the  side 
of  the  cricoid  cartilage,  slightly  arching  the  line  forward. 

Surgical  Anatomy. — ^The  application  of  a  ligature  to  the  external  carotid  may  be  required 
in  case  of  wounds  of  this  vessel,  or  of  its  branches  when  these  cannot  be  tied,  and  in  some  cases 
of  pulsating  tumor  of  the  scalp  or  face.  The  operation  has  not  received  the  attention  which  it 
deserves,  owing  to  the  fear  which  surgeons  have  entertained  of  secondary  haemorrhage,  on 
account  of  the  number  of  branches  given  off  from  the  vessel.  This  fear,  however,  has  been 
shown  bj'  Mr.  Cripps  not  to  be  well  founded.  |  To  tie  this  vessel  near  its  origin,  below  the  point 
where  it  is  crossed  by  the  Digastric,  an  incision  about  three  inches  in  length  should  be  made 
along  the  margin  of  the  Sterno-mastoid,  from  the  angle  of  the  jaw  to  the  upper  border  of  the 
thyroid  cartilage.  Tlie  ligature  should  be  applied  between  the  lingual  and  superior  thyroid 
branches.  To  tie  the  vessel  above  the  Digastric,  between  it  and  the  parotid  gland,  an  incision 
^ould  be  made,  from  the  lobe  of  the  ear  to  the  great  cornu  of  the  os  hyoides,  dividing  succes- 
sively the  skin,  Platysma,  and  fascia.  By  drawing  the  Sterno-mastoid  outward,  and  the  posterior 
belly  of  the  Digastric  and  Stylo-hyoid  muscles  downward,  and  separating  them  from  the  parotid 
gland,  the  vessel  will  be  exposed,  and  a  ligature  may  be  applied  to  it.  The  circulation  is  at  once 
re-^tablished  by  the  free  communication  between  most  of  the  large  branches  of  the  artery 
(facial,  lingual,  superior  th^id,  occipital)  and  the  corresponding  arteries  of  the  opposite  side, 
and  by  the  anastomosis  of  its  branches  with  those  of  the  internal  carotid,  and  of  tne  occipital 
with  the  branches  of  the  subclavian,  etc. 

Plan  of  the  Relations  op  the  External  Carotid. 

In  front 

Skin,  superficial  fascia. 

Platysma  and  deep  fascia. 

Anterior  border  oi  Sterno-mastoid. 

Hvpoglossal  nerve. 

Lingual  and  facial  veins. 

Digastric  and  St^lo-hyoid  muscles. 

Parotid  gland  with  facial  nerve  and  temporo-maxillary  vein  in  its  substance. 
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Internally.  y^      ^\ 

Hyoid  bone.  /  \  n  n 

Pharynx.  (      External     ]  Externally. 

Superior  laryngeal  nerve.  I     oarotid.      I        Internal  carotid  artery. 

Parotid  gland.  \  / 

EAmus  of  jaw.  ^^ -^ 

Behind. 

Superior  laryngeal  nerve. 
Stylo-glossus. 
Stylo-pharyngeus. 
Glosso-pharyngeal  nerve. 
Parotid  gland. 

Branches. — The  external  carotid  artery  gives  off  eight  branches,  which,  for 
convenience  of  description,  may  be  divided  into  four  sets.  (See  Fig.  348,  Plan  of 
the  Branches). 

Anterior.  Posterior.  Ascending.  Terminal. 

Superior  Thyroid.     Occipital.  Ascending  Pha-       Superficial  Temporal. 

Lingual.  Posterior  Auricular,     ryngeal.  Internal  Maxillary. 

Facial. 

The  student  is  here  reminded   that  many  variations  are  met  with   in  the 

%• 

number,  origin,  and  course  of  these  branches  in  different  subjects;  but  the  above 
arrangement  is  that  which  is  found  in  the  great  majority  of  cases. 

The  Superior  Thyroid  Artery  (Figs.  347  and  352)  is  the  first  branch  given  off 
from  the  external  carotid,  being  derived  from  that  vessel  just  below  the  great 
cornu  of  the  hyoid  bone.  At  its  commencement  it  is  quite  superficial,  being 
covered  by  the  integument,  fascia,  and  Platysma,  and  is  contained  in  the 
triangular  space  bounded  by  the  Sterno-mastoid,  Digastric,  and  Omo-hyoid  muscles. 
After  running  upward  and  inward  for  a  short  distance,  it  curves  downward 
and  forward,  in  an  arched  and  tortuous  manner,  to  the  upper  part  of  the  thyroid 
gland,  passing  beneath  the  Orao-hyoid,  Sterno-hyoid,  and  Sterno-thyroid  muscles, 
and  distributes  numerous  branches  to  the  anterior  surface  of  the  gland, 
anastomosing  with  its  fellow  of  the  opposite  side  and  with  the  inferior  thyroid 
arteries.  Besides  the  arteries  distributed  to  the  muscles  by  which  it  is  covered 
and  the  substance  of  the  gland,  the  branches  of  the  superior  thyroid  are  the 
following : 

Hyoid.  Superior  Laryngeal. 

Superficial  descending  branch  (Sterno-mastoid).        Crico-thyroid. 

The  hyoid  is  a  small  branch  which  runs  along  the  lower  border  of  the  os 
hyoides  beneath  the  Thyro-hyoid  muscle ;  after  supplying  the  muscles  connected 
to  that  bone  it  forms  an  arch,  by  anastomosing  with  the  vessels  of  the  opposite 
side. 

The  Buperflcial  descending  branch  runs  downward  and  outward  across  the 
sheath  of  the  common  carotid  artery,  and  supplies  the  Sterno-mastoid  and  neigh- 
boring muscles  and  integument.  There  is  also  often  a  distinct  branch  from  the 
external  carotid  distributed  to  the  Sterno-mastoid  muscle. 

The  superior  laryngeal,  larger  than  either  of  the  preceding,  accompanies  the 
superior  laryngeal  nerve,  beneath  the  Thyro-hyoid  muscle :  it  pierces  the  thyro- 
hyoid membrane,  and  supplies  the  muscles,  mucous  membrane,  and  glands  of  the 
larynx,  anastomosing  with  the  branch  from  the  opposite  side. 

The  crico-thyroid  is  a  small  branch  which  runs  transversely  across  the  crico- 
thyroid membrane,  communicating  with  the  artery  of  the  opposite  side. 

Surgical  Anatomy. — The  superior  thyroid,  or  some  of  its  branches,  is  often  divided  in 
cases  of  cut  throat,  giving  rise  to  considerable  haemorrhage.  In  such  cases  the  artery  should  be 
secured,  the  wound  being  enlarged  for  that  purpose,  if  necessary.  The  operation  may  be  easily 
performed,  the  position  of  the  artery  being  very  superficial,  and  the  only  structures  of  importance 
covering  it  being  a  few  small  veins.  Tne  operation  of  tying  the  superior  thyroid  artery  in 
bronchocele  has  been  performed  in  numerous  instances  with  partial  or  t^emporary  success.    When, 
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however,  the  collatenil  circulation  between  this  vessel  and  the  artery  of  the  opposite  side,  and 
the  inferior  thyroid,  is  completely  re-established,  the  tumor  usually  regains  its  former  size. 

The  position  of  the  superficial  descending  branch  is  of  importance  in  connection  with  the 
operation  of  ligature  of  the  common  carotid  artery.  It  crosses  and  lies  on  the  sheath  of  this 
vessel,  and  may  chance  to  be  wounded  in  opening  the  sheath.  The  position  of  the  crico-thyroid 
branch  should  be  remembered,  as  it  may  prove  the  source  of  troublesome  haemorrhage  during 
the  operation  of  laryngotomy. 

The  Lingual  Artery  (Fig.  352)  arises  from  the  external  carotid  between  the 
superior  thyroid  and  facial ;  it  runs  obliquely  upward  and  inward  to  the  great 
cornu  of  the  hyoid  bone,  then  passes  horizontally  forward  parallel  with  the  great 
comu,  and,  ascending  perpendicularly  to  the  under  surface  of  the  tongue,  turns 
forward  on  its  under  surface  as  far  as  the  tip  of  that  organ,  under  the  name  of 
the  ranine  arterij. 

Relations. — Its  first,  or  oblique,  portion  is  superficial,  being  contained  in  the 
triangular  space  already  described,  resting  upon  the  middle  constrictor  of  the 
pharynx,  and  covered  by  the  Platysma  and  fascia  of  the  neck.  Its  second,  or 
horizontal,  portion  also  lies  upon  the  middle  constrictor,  being  covered  at  first  by 
the  tendon  of  the  Digastric  and  the  Stylo-hyoid  muscle,  and  afterward  by  the 
Hyo-glossus,  the  latter  muscle  separating  it  from  the  hypoglossal  nerve.  Its 
third,  or  ascending,  portion  lies  between  the  Hyo-glossus  and  Genio-hyo-glossus 
muscles.  The  fourth,  or  terminal,  part,  under  the  name  of  the  ranine^  runs  along 
the  under  surface  of  the  tongue  to  its  tip :  it  is  very  superficial,  being  covered 
only  by  the  mucous  membrane,  and  rests  on  the  Lingualis  on  the  outer  side  of 
the  Genio-hyo-glossus.  The  hypoglossal  nerve  crosses  the  lingual  artery,  and  then 
becomes  separated  from  it,  in  the  second  part  of  its  course,  by  the  Hyo-glossus 
muscle. 

The  branches  of  the  lingual  artery  are — the 

Hyoid.  Sublingual. 

Dorsalis  Linguae.  Ranine. 

The  hyoid  branch  runs  along  the  upper  border  of  the  hyoid  bone,  supplying 
the  muscles  attached  to  it  and  anastomosing  with  its  fellow  of  the  opposite  side. 

The  dorsalis  lingusB  (Fig.  352)  arises  from  the  lingual  artery  beneath  the  Hyo- 
glossus  muscle  (which,  in  the  figure,  has  been  partly  cut  away  to  show  the  vessel) ; 
ascending  to  the  dorsum  of  the  tongue,  it  supplies  the  mucous  membrane,  the 
tonsil,  soft  palate,  and  epiglottis,  anastomosing  with  its  fellow  from  the  opposite 
side. 

The  sublingual,  which  may  be  described  as  a  branch  of  bifurcation  of  the 
lingual  artery,  arises  at  the  anterior  margin  of  the  Hyo-glossus  muscle,  and 
runs  forward  between  the  Genio-hyo-glossus  and  the  sublingual  gland.  It 
supplies  the  substance  of  the  gland,  giving  branches  to  the  Mylo-hyoid  and 
neighboring  muscles,  the  mucous  membrane  of  the  mouth  and  gums.  One 
branch  runs  behind  the  alveolar  process  of  the  lower  jaw  in  the  substance  of  the 
gum  to  anastomose  with  a  similar  artery  from  the  other  side. 

The  ranine  may  be  regarded  as  the  other  branch  of  bifurcation,  or,  as  is  more 
usual,  as  the  continuation  of  the  lingual  artery  ;  it  runs  along  the  under  surface 
of  the  tongue,  resting  on  the  Inferior  lingualis,  and  covered  by  the  mucous 
membrane  of  the  mouth ;  it  lies  on  the  outer  side  of  the  Genio-hyo-glossus, 
accompanied  by  the  lingual  nerve.  On  arriving  at  the  tip  of  the  tongue  it  has 
been  said  to  ana.stomose  with  the  artery  of  the  opposite  side,  but  this  is  denied 
by  Hyrtl.     These  vessels  in  the  mouth  are  placed  one  on  each  side  of  the  fraenum. 

Surgical  Anatomy. — ^The  lingual  artery  may  be  divided  near  its  origin  in  cases  of  cut 
throat,  a  complication  that  not  unfrequently  happens  in  this  class  of  wounds ;  or  severe 
haemorrhage  which  cannot  be  restrained  by  ordinary  means  may  ensue  from  a  wound  or  deep 
ulcer  of  the  tongue.  In  the  former  case  the  primary  wound  may  be  enlarged  if  necessary,  and 
the  bleeding?  vessels  secured.  In  the  latter  case  it  has  been  suggested  that  the  lingual  artery 
should  be  tied  near  its  origin.  Ligature  of  the  lingual  artery  is  also  occasionally  practised,  as  a 
palliative  measure,  in  cases  of  cancer  of  the  tongue,  in  order  to  check  the  progress  of  the 
disease  by  star^'^ing  the  growth,  and  it  is  sometimes  tied  as  a  preliminary  measure  to  removal  of 
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the  tongue.     The  operation  is  a  difficult  one,  on  account  of  the  depth  of  thearteiy,  the  number 

of  important  parts  by  which  it  is  aurroimded.  the  loose  and  srielding  nature  of  tne  parts  apoo 
which  it  ia  supported,  and  its  occasional  irregularity  of  origin.  An  incision  is  to  be  made  in 
Bi  curved  direction  from  a  fioRer's  breadth  external  to  the  aymphvsia  of  the  jaw  downward  to  tbe 
comu  of  the  hyoid  hone,  and  then  upward  to  near  the  angle  or  the  jaw.  Care  must  be  taken 
not  to  carry  this  incision  too  far  backward,  for  fear  of  endangering  the  facial  vein.  In  the  firM 
incision  the  akin,  superficial  tiiscia,  and  Platysma  will  be  divided,  and  the  deep  fascia  eipoeed. 
This  is  then  to  be  incised  and  the  submaiillaiy  j^laud  exposed  and  pulled  upward  by  retractois. 
A  triangular  space  is  now  exposed,  bounded  internallv  by  the  posterior  border  of  the  Mylo- 
hyoid muscle ;  Delow  and  externally,  by  the  tendon  of  the  Digastric ;  and  above,  by  lhe_  hypo- 
glossal nerve.  The  floor  ol'  the  space  is  formed  by  the  Hyo-glossus  muscle,  beneath  which  the 
artery  lies.  The  fibres  of  this  muscle  are  now  to  be  cut  through  horizontally  and  the  vcMel 
exposed,  care  being  taken,  while  near  the  vessel,  not  to  open  the  pharynx. 

T^ubleaome  hsemorrhage  may  occur  in  the  division  of  the  fraenum  in  children  if  the  raiune 
arteiy,  which  lies  on  each  side  oi'  it,  is  wounded.  The  student  should  remember  that  tbe  opera- 
tion IB  always  to  be  performed  with  9,  pair  of  blunl/pointed  scissors,  and  the  mucous  memfeane 
only  is  to  be  dividecf  by  a  very  superficial  cut,  which  cannot  endanger  any  vessel.  The  scissors, 
also,  should  be  directed  away  from  the  tongue.  Any  further  liberation  of  the  tongue  which  may 
be  necessary  can  be  efiected  by  tearing. 

The  Facial  Artenr  (Fig.  349)  arises  a  little  above  the  lingual,  and  pasi^cs 
obliquely  upward,  beneath  the  Digastric  and  Stylo-hyoid  muscles ;  it  then  runs 


Tvs.  349.— The  arteriea  of  the  fece  and  scalp.' 

forward  under  cover  of  the  body  of  the  lower  jaw,  lodged  in  a  groove  on  tbe 
posterior  surface  of  the  submaxillary  gland ;  this  may  be  called  the  cervical  part 
of  the  artery.  It  then  curves  upward  over  the  body  of  the  jaw  at  the  anterior 
inferior  angle  of  the  Masseter  muscle ;  passes  forward  and  upward  across  (he 
o  have  been  cut  away,  in  order  to  thow  the 
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cheek  to  the  angle  of  the  mouth,  then  upward  along  the  side  of  the  nose,  and 
terminates  at  the  inner  canthus  of  the  eye,  under  the  name  of  the  angular  artery. 
This  vessel,  both  in  the  neck  and  on  the  face,  is  remarkably  tortuous :  in  the 
former  situation,  to  accommodate  itself  to  the  movements  of  the  pharynx  in 
deglutition,  and  in  the  latter  to  the  movements  of  the  jaw  and  the  lips  and  cheeks. 

Relations. — In  the  neck  its  origin  is  superficial,  being  covered  by  the 
integument,  Platysma,  and  fascia  ;  it  then  passes  beneath  the  Digastric  and  Stylo- 
hyoid muscles  and  the  submaxillary  gland.  On  theface^  where  it  passes  over  the 
body  of  the  lower  jaw,  it  is  comparatively  superficial,  lying  immediately  beneath 
the  Platysma.  In  this  situation  its  pulsation  may  be  distinctly  felt,  and  com- 
pression of  the  vessel  effectually  made  against  the  bone.  In  its  course  over  the 
face  it  is  covered  by  the  integument,  the  fat  of  the  cheek,  and,  near  the  angle  of 
the  mouth,  by  the  Platysma,  Risorius,  and  Zygomatic  muscles.  It  rests  on  the 
Buccinator,  the  Levator  anguli  oris,  and  the  Levator  labii  superioris  (sometimes 
piercing  or  else  passing  under  this  last  muscle).  It  is  accompanied  by  the  facial 
vein  throughout  its  entire  course ;  the  vein  is  not  tortuous  like  the  artery,  and,  on 
the  face,  is  separated  from  that  vessel  by  a  considerable  interval,  lying  to  its  outer 
side.  The  branches  of  the  facial  nerve  cross  the  artery,  and  the  infra-orbital  nerve 
lies  beneath  it. 

The  branches  of  this  vessel  may  be  divided  into  two  sets  :  those  given  off  below 
the  jaw  (cervical),  and  those  on  the  face  (facial). 

Cervical  Branches,  Facial  Branches, 

Inferior  or  Ascending  Palatine.  Muscular. 

Tonsillar.  Inferior  Labial. 

Submaxillary.  Inferior  Coronary. 

Submental.  Superior  Coronary. 

Muscular.  Lateralis  Nasi. 

Angular. 

The  inferior  or  ascending  palatine  (Fig.  352)  passes  up  between  the  Stylo- 
glossus and  Stylo-pharyngeus  to  the  outer  side  of  the  pharynx.  After  supplying 
these  muscles,  the  tonsil,  and  Eustachian  tube,  it  divides,  near  the  Levator  palati, 
into  two  branches  :  one  follows  the  course  of  the  Levator  palati,  and,  winding  over 
the  upper  border  of  the  Superior  constrictor,  supplies  the  soft  palate  and  the  pal- 
atine glands ;  the  other  pierces  the  Superior  constrictor,  supplies  the  tonsil,  anas- 
tomosing with  the  tonsillar  artery.  These  vessels  also  anastomose  with  the  pos- 
terior palatine  branch  of  the  internal  maxillary  artery. 

The  tonsillar  branch  (Fig.  352)  passes  up  between  the  Internal  Pterygoid  and 
Stylo-glossus,  and  then  ascends  along  the  side  of  the  pharynx,  perforating  the 
Superior  constrictor,  to  ramify  in  the  substance  of  the  tonsil  and  root  of  the  tongue. 

The  submaxillary  consists  of  three  or  four  large  branches,  which  supply  the 
submaxillary  gland,  some  being  prolonged  to  the  neighboring  muscles,  lymphatic 
glands,  and  integument. 

The  Bubmentaly  the  largest  of  the  cervical  branches,  is  given  off  from  the  facial 
artery  just  as  that  vessel  quits  the  submaxillary  gland :  it  runs  forward  upon  the 
Mylo-hyoid  muscle,  just  below  the  body  of  the  jaw  and  beneath  the  Digastric; 
after  supplying  the  surrounding  muscles,  and  anastomosing  with  the  sublingual 
artery  by  branches  which  perforate  the  Mylo-hyoid  muscle,  it  arrives  at  the  sym- 
physis of  the  chin,  where  it  turns  over  the  border  of  the  jaw  and  divides  into  a 
superficial  and  a  deep  branch ;  the  former  passes  between  the  integument  and 
Depressor  labii  inferioris,  supplies  both,  and  anastomoses  with  the  inferior  labial. 
The  deep  branch  passes  between  the  latter  muscle  and  the  bone,  supplies  the  lip, 
and  anastomoses  with  the  inferior  labial  and  mental  arteries. 

The  muscular  branches  are  distributed  to  the  Internal  pterygoid  and  Stylo-hyoid 
in  the  neck,  and  to  the  Masseter  and  Buccinator  on  the  face. 

The  inferior  labial  passes  beneath  the  Depressor  anguli  oris,  to  supply  the 
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muscles  and  integument  of  the  lower  lip,  anastomosing  with  the  inferior  coronary 
and  submental  branches  of  the  facial,  and  with  the  mental  branch  of  the  inferior 
dental  artery. 

The  inferior  coronary  is  derived  from  the  facial  artery,  near  the  angle  of  the 
mouth :  it  passes  upward  and  inward  beneath  the  depressor  anguli  oris,  and,  pen- 
etrating the  Orbicularis  oris  muscle,  runs  in  a  tortuous  course  along  the  edge  of 
the  lower  lip  between  this  muscle  and  the  mucous  membrane,  inosculating  with 
the  artery  of  the  opposite  side.  This  artery  supplies  the  labial  glands,  the  mucous 
membrane,  and  muscles  of  the  lower  lip,  and  anastomoses  with  the  inferior  labial 
and  the  mental  branch  of  the  inferior  dental  artery. 

The  superior  coronary  is  larger  and  more  tortuous  in  its  course  than  the  pre- 
ceding. It  follows  the  same  course  along  the  edge  of  the  upper  lip,  lying  between 
the  mucous  membrane  and  the  Orbicularis  oris,  and  anastomoses  with  the  artery 
of  the  opposite  side.  It  supplies  the  textures  of  the  upper  lip,  and  gives  off  in  its 
course  two  or  three  vessels  which  ascend  to  the  nose.  One,  named  the  inferior 
artery  of  the  septum^  ramifies  on  the  septum  of  the  nares  as  far  as  the  point  of  the 
nose  ;  another,  the  artery  of  the  ala^  supplies  the  ala  of  the  nose. 

The  lateralis  nasi  is  derived  from  the  facial,  as  that  vessel  is  ascending  along 
the  side  of  the  nose ;  it  supplies  the  ala  and  dorsum  of  the  nose,  anastomosing 
with  its  fellow,  the  nasal  branch  of  the  ophthalmic,  the  inferior  artery  of  the 
septum,  the  artery  of  the  ala,  and   the  infra-orbital. 

The  angular  artery  is  the  termination  of  the  trunk  of  the  facial ;  it  ascends  to 
the  inner  angle  of  the  orbit,  imbedded  in  the  fibres  of  the  Levator  labii  superioris 
alseque  nasi,  and  accompanied  by  a  large  vein,  the  angular  ;  it  distributes  some 
branches  on  the  cheek  which  anastomose  with  the  infra-orbital,  and  after  supplying 
the  lachrymal  sac  and  Orbicularis  palpebrarum  muscle,  terminates  by  anastomos- 
ing with  the  nasal  branch  of  the  ophthalmic  artery. 

The  anastomoses  of  the  facial  arterv  are  very  numerous,  not  onlv  with  the 
vessel  of  the  opposite  side,  but,  in  the  neck,  with  the  sublingual  branch  of  the 
lingual ;  with  the  ascending  pharyngeal ;  with  the  posterior  palatine,  a  branch  of 
the  internal  maxillary,  by  its  inferior  or  ascending  palatine  and  tonsillar  branches ; 
on  the  face,  with  the  mental  branch  of  the  inferior  dental  as  it  emerges  from  the  mental 
foramen,  with  the  transverse  facial,  a  branch  of  the  temporal;  with  the  infra-orbital, 
a  branch  of  the  internal  maxillary,  and  with  the  nasal  branch  of  the  ophthalmic. 

Peculiarities. — The  facial  artery  not  unfireciuently  arises  by  a  common  trunk  with  the 
lingual.  This  vessel  is  also  subject  to  some  variations  in  its  size  and  in  the  extent  to  which  it 
supplies  the  face.  It  occasionally  terminates  as  the  submental,  and  not  unfrequently  supplies 
the  face  only  as  high  as  tlie  angle  of  the  mouth  or  nose.  The  deficiency  is  then  supplied  by 
enlargement  of  one  of  the  neighboring  arteries. 

Surgical  Anatomy. — The  passage  of  the  facial  artery  over  the  body  of  the  jaw  would 
appear  to  afford  a  favorable  position  for  the  application  of  pressure  in  case  of  haemorrhage 
from  the  lips,  the  result  either  of  an  accidental  wound  or  during  an  operation ;  but  its  applica- 
tion is  useless,  except  for  a  very  short  time,  on  account  of  the  free  communication  ot  this 
vessel  with  its  fellow  and  with  nuraeroiw  branches  from  different  sources.  In  a  wound  involv- 
ing the  lip  it  is  better  to  seize  the  part  between  the  fingers,  and  evert  it,  when  the  bleeding 
vessel  may  be  at  once  secured  with  pressure -forceps.  In  order  to  prevent  haemorrhage  in  cases 
of  removal  of  diseased  growths  from  the  part,  the  lip  should  be  compressed  on  each  side 
between  the  fingers  and  thumb  or  by  a  pair  of  specially  devised  clamp- forceps, whilst  the  surgeon 
excises  the  diseased  part.  In  ortler  to  stop  haemorrhage  where  the  lip  has  been  divided  in  an 
operation,  it  is  necessary,  in  uniting  the  edges  of  the  wound,  to  pass  the  sutures  through  the 
cut  edges,  almost  as  deep  as  its  mucous  surface ;  by  these  means  not  only  are  the  cut  surfaces 
more  neatly  and  securely  adapted  to  each  other,  but  the  possibility  of  haemorrhage  is  nrevented 
by  including  in  the  suture  the  divided  artery.  If  the  suture  is,  on  the  contrary,  passea  through 
merely  the  cutaneous  portion  of  the  wounci,  haemorrhage  occurs  into  the  cavity  of  the  moutli. 
The  student  should,  lastly,  observe  the  relation  of  the  angular  artery  to  the  lachr>'mal  sac,  and 
it  will  Ikj  .seen  that,  as  the  vessel  passes  up  along  the  inner  margin  of  the  orbit,  it  ascends  on 
its  nasal  side.  In  operating  for  fistula  lachrymalis  the  sac  should  always  be  opened  on  its  outer 
side,  in  order  that  this  ve.»isel  may  be  avoided. 

The  Occipital  Artery  (Fig.  349)  arises  from  the  posterior  part  of  the  external 
carotid,  opposite  the  facial  near  the  lower  margin  of  the  Digastric  muscle.  At  its 
origin  it  is  covered  by  the  posterior  belly  of  the  Digastric  and  Stylo-hyoid  muscles. 
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and  the  hypoglossal  nerve  winds  around  it  from  behind  forward ;  higher  up,  it 
passes  across  the  internal  carotid  artery,  the  internal  jugular  vein,  and  the  pneumo- 
gastric  and  spinal  accessory  nerves ;  it  then  ascends  to  the  interval  between  the 
transverse  process  of  the  atlas  and  the  mastoid  process  of  the  temporal  bone,  and 
passes  horizontally  backward,  grooving  the  surface  of  the  latter  bone,  being  covered 
by  the  Sterno-mastoid,  Splenius,  Trachelo-mastoid,  and  Digastric  muscles,  and 
resting  upon  the  Rectus  lateralis,  the  Superior  oblique,  and  Complexus  muscles ; 
it  then  changes  its  course  and  passes  vertically  upward,  pierces  the  fascia  which 
connects  the  cranial  attachment  of  the  Trapezius  with  the  Sterno-mastoid,  and 
ascends  in  a  tortuous  course  over  the  occiput,  as  high  as  the  vertex,  where  it 
divides  into  numerous  branches.  It  is  accompanied  in  the  latter  part  of  its  course 
by  the  great  occipital  and  a  cutaneous  filament  from  the  suboccipital  nerve. 
The  branches  given  off  from  this  vessel  are — 

Muscular.  Auricular. 

Sterno-mastoid.  Meningeal. 

Arteria  Princeps  Cervicis. 

The  Muscular  branches  supply  the  Digastric,  Stylo-hyoid,  Splenius,  and 
Trachelo-mastoid  muscles. 

The  sterno-mastoid  is  a  large  and  constant  branch,  generally  arising  from  the 
artery  close  to  its  commencement.  It  first  passes  upward  and  backward,  and 
then  turns  downward  over  the  hypoglossal  nerve,  and  enters  the  substance  of  the 
muscle,  frequently  in  company  with  the  spinal  accessory  nerve. 

The  auricular  branch  supplies  the  back  part  of  the  concha.  It  frequently 
gives  off  a  branch,  which  enters  the  skull  through  the  mastoid  foramen  and 
supplies  the  dura  mater. 

The  meningeal  branch  ascends  with  the  internal  jugular  vein,  and  enters  the 
skull  through  the  foramen  lacerum  posterius,  to  supply  the  dura  mater  in  the 
posterior  fossa. 

The  arteria  princeps  cervicis  (Fig.  352)  is  a  large  branch  which  descends 
along  the  back  part  of  the  neck  and  divides  into  a  superficial  and  deep  branch. 
The  former  runs  beneath  the  Splenius,  giving  off  branches  which  perforate  that 
muscle  to  supply  the  Trapezius,  anastomosing  with  the  superficial  cervical  artery,  a 
branch  of  the  transversalis  colli :  the  latter  passes  beneath  the  Complexus  between 
it  and  the  Semispinalis  colli,  and  anastomoses  with  branches  from  the  vertebral 
and  with  the  deep  cervical  artery,  a  branch  of  the  superior  intercostal.  The 
anastomosis  between  these  vessels  serves  mainly  to  establish  the  collateral  circula- 
tion after  ligature  of  the  carotid  or  subclavian  artery. 

The  cranial  branches  of  the  occipital  artery  are  distributed  upon  the  occiput ; 
they  are  very  tortuous,  and  lie  between  the  integument  and  Occipito-frontalis, 
anastomosing  with  the  artery  of  the  opposite  side,  the  posterior  auricular  and 
temporal  arteries.  They  supply  the  back  part  of  the  Occipito-frontalis  muscle, 
the  integument,  and  pericranium. 

The  Posterior  Auricular  Artery  (Fig.  349)  is  a  small  vessel  which  arises  from 
the  external  carotid,  above  the  Digastric  and  Stylo-hyoid  muscles,  opposite  the 
apex  of  the  styloid  process.  It  ascends,  under  cover  of  the  parotid  gland,  to  the 
groove  between  the  cartilage  of  the  ear  and  the  mastoid  process,  immediately 
above  which  it  divides  into  two  branches:  an  anterior,  auricular,  passing  forward 
to  supply  the  back  of  the  auricle  and  anastomose  with  the  posterior  division  of  the 
temporal;  and  a  posterior,  mastoid,  to  the  scalp  above  and  behind  the  ear, 
communicating  with  the  occipital.  Just  before  arriving  at  the  mastoid  process 
this  artery  is  crossed  by  the  portio  dura,  and  has  beneath  it  the  spinal  accessory  nerve. 

Besides  several  small  branches  to  the  Digastric,  Stylo-hyoid,  and  Sterno-mastoid 
muscles  and  to  the  parotid  gland,  this  vessel  gives  off  three  branches : 

Stylo-mastoid.  Auricular.  Mastoid. 

The  stylo-mastoid  branch  enters  the  stylo-mastoid  foramen,  and  supplies  the 
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tympanum,  mastoid  cells,  and  semicircular  canals.  In  the  young  subject  a  branch 
from  this  vessel  forms,  with  the  tympanic  branch  from  the  internal  maxillary,  a 
vascular  circle,  which  surrounds  the  auditory  meatus,  and  from  which  delicate 
vessels  ramify  on  the  membrana  tympani.  It  anastomoses  with  the  petrosal 
branch  of  the  middle  meningeal  artery  by  a  twig  which  enters  the  hiatus  Fallopii. 

The  auricular  branch  is  distributed  to  the  back  part  of  the  cartilage  of  the  ear, 
upon  which  it  ramifies  minutely,  some  branches  curving  round  the  margin  of  the 
fibro-cartilage,  others  perforating  it,  to  supply  its  anterior  surface.  It  anastomoses 
with  the  anterior  auricular  branches  of  the  temporal. 

The  mastoid  branch  passes  backward,  over  the  Stemo-mastoid  muscle,  to  the 
scalp  above  and  behind  the  ear.  It  supplies  the  posterior  belly  of  the  Occipito-fron- 
talis  muscle  and  the  scalp  in  this  situation.    It  anastomoses  with  the  occipital  artery. 

The  Ascending  Phazyngeal  Artery  (Fig.  852),  the  smallest  branch  of  the 
external  carotid,  is  a  long,  slender  vessel,  deeply  seated  in  the  neck,  beneatli  the 
other  branches  of  the  external  carotid  and  the  Stylo-pharyngeus  muscle.  It  arises 
from  the  back  part  of  the  external  carotid,  near  the  commencement  of  that  vessel, 
and  ascends  vertically  between  the  internal  carotid  and  the  side  of  the  pharynx,  to 
the  under  surface  of  the  base  of  the  skull,  lying  on  the  Rectus  capitis  anticus  major. 
Its  branches  may  be  subdivided  into  three  sets : 

Prevertebral.  Pharyngeal.  Meningeal. 

The  prevertebral  branches  are  numerous  small  vessels  which  supply  the  Recti 
capitis  antici  and  Longus  colli  muscles,  the  sympathetic,  hypoglossal,  and 
pneumogastric  nerves,  and  the  lymphatic  glands  of  the  neck,  anastomosing  with 
the  ascending  cervical  artery. 

The  pharyngeal  branches  are  three  or  four  in  number.  Two  of  these  descend 
to  supply  the  middle  and  inferior  Constrictors  and  the  Stylo-pharyngeus,  ramifying 
in  their  substance  and  in  the  mucous  membrane  lining  them.  The  largest  of  the 
pharyngeal  branches  passes  inward,  running  upon  the  Superior  constrictor,  and 
sends  ramifications  to  the  soft  palate  and  tonsil,  which  take  the  place  of  the 
ascending  palatine  branch  of  the  facial  artery  when  that  vessel  is  of  small  size. 
A  twig  from  this  branch  passes  up  the  Eustachian  tube  to  supply  the  tympanum. 

The  meningeal  branches  consist  of  several  small  vessels,  which  pass  through 
foramina  in  the  base  of  the  skull,  to  supply  the  dura  mater.  One,  the  posterior 
meningeal,  enters  the  cranium  through  the  foramen  lacerum  posterius ;  a  second 
passes  through  the  foramen  lacerum  medium  ;  and  occasionally  a  third  through 
the  anterior  condyloid  foramen.     They  are  all  distributed  to  the  dura  mater. 

Surgical  Anatomy. — ^The  ascending  phalangeal  artery  has  been  wounded  from  the  throat, 
as  in  the  case  in  which  the  stem  of  a  tobacco-pipe  was  driven  into  the  vessel,  causing  fatal 
haemorrhage. 

The  Superficial  Temporal  Artery  (Fig.  349),  the  smaller  of  the  two  terminal 
branches  of  the  external  carotid,  appears,  from  its  direction,  to  be  the  continu- 
ation of  that  vessel.  It  commences  in  the  substance  of  the  parotid  gland,  in  the 
interspace  between  the  neck  of  the  condyle  of  the  lower  jaw  and  the  external 
meatus,  crosses  over  the  posterior  root  of  the  zygoma,  passes  beneath  the  Attra- 
hens  aurem  muscle,  and  divides,  about  two  inches  above  the  zygomatic  arch,  into 
two  branches,  an  anterior  and  a  posterior. 

The  anterior  temporal  inclines  forward  over  the  forehead,  supplying  the 
muscles,  integument,  and  pericranium  in  this  region,  and  anastomoses  with  the 
supra-orbital  and  frontal  arteries. 

The  posterior  temporal,  larger  than  the  anterior,  curves  upward  and  backward 
along  the  side  of  the  head,  lying  superficial  to  the  temporal  fascia,  and  inosculates 
with  its  fellow  of  the  opposite  side,  and  with  the  posterior  auricular  and  occipital 
arteries. 

The  superficial  temporal  artery,  as  it  crosses  the  zygoma,  is  covered  by  the 
Attrahens  aurem  muscle  and  by  a  dense  fascia  given  off  from  the  parotid  gland : 
it  is  also  usually  crossed  by  one  or  two  veins,  and  accompanied  by  branches  of  the 
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facial  and  auriculotemporal  nerves.    Besides  some  twigs  to  the  parotid  gland,  the 
articulation  of  the  jaw,  and  the  Masseter  muscle,  its  branches  are — the 

Transverse  Facial.  Middle  Temporal. 

Anterior  Auricular. 

The  transverse  facial  is  given  off  from  the  temporal  before  that  vessel  quits 
the  parotid  gland ;  running  forward  through  its  substance,  it  passes  transversely 
across  the  face,  between  Stenson's  duct  and  the  lower  border  of  the  zygoma,  and 
divides  on  the  side  of  the  face  into  numerous  branches,  which  supply  the  parotid 
gland,  the  Masseter  muscle,  and  the  integument,  anastomosing  with  the  facial, 
masseteric,  and  infra-orbital  arteries.  This  vessel  rests  on  the  Masseter,  and  is 
accompanied  by  one  or  two  branches  of  the  facial  nerve.  It  is  sometimes  a  branch 
of  the  external  carotid. 

The  middle  temporal  artery  arises  immediately  above  the  zygomatic  arch,  and, 
perforating  the  temporal  fascia,  supplies  the  Temporal  muscle,  anastomosing  with 
the  deep  temporal  branches  of  the  internal  maxillary.  It  occasionally  gives  off 
an  orbital  branch,  which  runs  along  the  upper  border  of  the  zygoma,  between 
the  two  layers  of  the  temporal  fascia,  to  the  outer  angle  of  the  orbit.  This 
branch  supplies  the  Orbicularis  palpebrarum,  and  anastomoses  with  the  lachrymal 
and  palpebral  branches  of  the  ophthalmic  artery. 

The  anterior  auricular  branches  are  distributed  to  the  anterior  portion  of  the 
pinna,  the  lobule,  and  part  of  the  external  meatus,  anastomosing  with  branches 
of  the  posterior  auricular. 

Surgical  Anatomy. — It  occasionally  happens  that  the  surgeon  is  called  upon  to  i)erform 
the  operation  of  arteriotomy  upon  this  vessel  in  cases  of  inflammation  of  the  eye  or  brajn.  If 
the  student  will  consider  the  relations  of  the  trunk  of  this  vessel  as  it  crosses  the  zygomatic  arch 
with  the  surrounding  structures,  he  will  observe  that  it  is  covered  by  a  thick  and  dense  fascia, 
crossed  by  one  or  two  veins,  and  accompanied  by  branches  of  the  facial  and  auriculo-tem- 
pond  nerves.  Bleeding  should  not  be  performed  in  this  situation,  as  much  difficulty  may  arise 
from  the  dense  fascia  over  the  vessel  preventing  a  free  flow  of  blood,  and  considerable  pressure 
is  requisite  afterward  to  repress  the  haemorrhage.  Again,  a  varicose  aneurism  may  be  formed 
by  the  accidental  opening  of  one  of  the  veins  m  front  of  the  artery,  or  severe  nemralgic  pain 
may  arise  from  the  operation  implicating  one  of  the  nervous  filaments  in  the  neighborhood.  The 
anterior  branch,  on  tne  contrary,  is  subcutaneous,  is  a  large  vessel,  and  is  readily  compressed ;  it 
should  consequently  always  be  selected  for  the  operation. 

The  Internal  Maxillary  (Fig.  350),  the  larger  of  the  two  terminal  branches  of 
the  external  carotid,  passes  inward,  at  right  angles  from  that  vessel,  to  the  inner 
side  of  the  neck  of  the  condyle  of  the  lower  jaw,  to  supply  the  deep  structures  of 
the  face.  At  its  origin,  it  is  imbedded  in  the  substance  of  the  parotid  gland, 
being  on  a  level  with  the  lower  extremity  of  the  lobule  of  the  ear. 

In  the  first  part  of  its  course  {inaxillary  portion)  the  artery  passes  horizontally 
forward  and  inward,  between  the  ramus  of  the  jaw  and  the  internal  lateral  lig- 
ament The  artery  here  lies  parallel  with  the  auriculo-temporal  nerve ;  it  crosses 
the  inferior  dental  nerve,  and  lies  along  the  lower  border  of  the  External 
pterygoid  muscle. 

In  the  second  part  of  its  course  {pterygoid  portion)  it  runs  obliquely  forward 
and  upward  upon  the  outer  surface  of  the  External  pterygoid  muscle,  being 
covered  by  the  ramus  of  the  lower  jaw  and  lower  part  of  the  Temporal  muscle. 

In  the  third  part  of  its  course  {spheno-inaxillary  portion)  it  approaches  the 
superior  maxillary  bone,  and  enters  the  spheno-maxillary  fossa  in  the  interval 
between  the  two  heads  of  the  External  pterygoid,  where  it  lies  in  relation  with 
Meckel's  ganglion,  and  gives  off  its  terminal  branches. 

Peculiarities. — Occasionally,  this  artery  passes  between  the  two  Pterygoid  muscles.  The 
vessel  in  this  case  passes  forward  to  the  interval  between  the  processes  of  origin  of  the  External 
pterygoid,  in  order  to  reach  the  superior  maxillary  bone.  Sometimes  the  vessel  escapes  from 
beneath  the  External  pterygoid  by  perforating  the  middle  of  that  muscle. 

The  branches  of  this  vessel  may  be  divided  into  three  groups,  corresponding 
with  its  three  divisions. 

.36 
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Branches  of  the  First  or   Maxillary  Portion  of  the  Isternal  Max- 
illary (Fig.  351). 
Tympanic  (anterior).  Small  Meningeal. 

^Iiddle  Meningeal.  Inferior  Dental. 

The  tjrmpanic  branch  passes  upward  behind  the  articulation  of  the  lower  jaw. 
enters  the  tympanum  through  the  Glaserian  fissure,  and  ramifies  upon  the  mem- 


Middle  Ueningtai 
Mfttingfa  JbrM 


Fill.  351.— Plnn  of  Ibe  brancbea. 


brana  tjmpani,  forming  a  vascular  circle  around  the  membrane  with  the  stylo- 
mastoid artery,  and  anastomosing  with  the  Vidian  and  the  tympanic  branch  from 
the  internal  carotid.  It  gives  off  an  auricular  branch  to  the  external  meatus, 
supplying  its  ciiticular  lining  and  tlie  outer  surface  of  the  membrana  tympani. 
The  middle  meningeal  is  the  largest  of  the  branches  which  supply  the  dura 
mater.  It  arises  from  the  Internal  maxillary,  between  the  internal  lateral  liga- 
ment and  the  neck  of  the  jaw,  and  passes  vertically  upward  between  the  two 
roots  of  the  auriculo-temporal  nerve  to  the  foramen  spinosum  of  the  sphenoid 
bone.  On  entering  the  cranium  it  divides  into  two  branches,  anterior  and  poste- 
rior. The  anti^rior  branch,  the  larger,  crosses  the  great  ala  of  the  sphenoid,  and 
reaches  the  groove,  or  canal,  in  the  anterior  inferior  angle  of  the  parietal  bone  : 
it  then  divides  into  branches  which  spread  out  between  the  dura  mater  and  internal 
surface  of  the  cranium,  some  passing  upward  over  the  parietal  bone  as  far  as  the 
vertex,  and  others  backward  to  the  occipital  bone.  The  posterior  branch  crosses 
the  squamous  portion  of  the  temporal,  and  on  the  inner  surface  of  the  parietal 
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bone  divides  into  branches  which  supply  the  posterior  part  of  the  dura  mater  and 
cranium.  The  branches  of  this  vessel  are  distributed  partly  to  the  dura  mater, 
but  chiefly  to  the  bones ;  they  anastomose  with  the  arteries  of  the  opposite  side, 
and  with  the  anterior  and  posterior  meningeal. 

The  middle  meningeal  on  entering  the  cranium  gives  off  the  following  collat- 
eral branches :  1.  Numerous  small  vessels  to  the  ganglion  of  the  fifth  nerve  and 
to  the  dura  mater  in  this  situation ;  2.  A  branch  {petrosal  branch),  which  enters 
the  hiatus  Fallopii,  supplies  the  facial  nerve,  and  anastomoses  with  the  stylo- 
mastoid branch  of  the  posterior  auricular  artery;  3.  Orbital  branches,  which  pass 
through  the  sphenoidal  fissure  or  through  separate  canals  in  the  great  wing  of  the 
sphenoid  to  anastomose  with  the  lachrymal  or  other  branches  of  the  ophthalmic 
artery ;  4.  Temporal  branches,  which  pass  through  foramina  in  the  great  wing  of 
the  sphenoid,  and  anastomose  in  the  temporal  fossa  with  the  deep  temporal  arteries. 

Surgical  Anatomy. — The  middle  meningeal  is  an  artery  of  considerable  surgical  import- 
ance^ as  it  may  be  iiyured  in  fractures  of  the  temporal  region  of  the  skull,  and  the  injur>'  may 
be  followed  by  considerable  haemorrhage  between  the  bone  and  dura  niater,  which  may  cause 
compression  of  the  brain  and  require  the  operation  of  trephining  for  its  relief  This  artery 
crosses  the  anterior  inferior  angle  of  the  parietal  bone  at  a  point  1  i  inches  behind  the  external 
angular  process  of  the  frontal  bone,  and  1 1  inches  above  the  zygoma.  From  this  point  the  ante- 
rior branch  passes  upward  and  slightly  backward  to  the  sagittal  suture,  lying  about  i  inch  to 
i  inch  behind  the  coronal  suture.  The  posterior  branch  passes  upward  and  backward  over  the 
gquamous  portion  of  the  temporal  bone.  In  order  to  expose  the  artery  as  it  lies  in  the  canal  in 
the  parietal  bone,  a  semilunar  incision,  with  its  convexity  upward,  should  be  made,  commencing 
an  inch  behind  the  external  angular  process,  and  carried  backward  for  2  inches.  The  structures 
cut  through  are  :  (1)  skin ;  (2)  superticial  fascia,  with  branches  of  the  superficial  temporal  vessels 
and  nerves;  (3)  the  fascia  continued  down  from  the  aponeurosis  of  the  Occipito-frontalis ;  (4) 
the  two  layers  of  the  temporal  fascia ;  (5)  the  temporal  muscle ;  (6)  the  deep  temporal  vessels ; 
(7)  the  pericranium ;  and  (8)  the  bone. 

The  small  meningeal  is  sometimes  derived  from  the  preceding.  It  enters  the 
skull  through  the  foramen  ovale,  and  supplies  the  Gasserian  ganglion  and  dura 
mater.  Before  entering  the  cranium  it  gives  off  a  branch  to  the  nasal  fossa,  soft 
palate,  and  tonsil. 

The  inferior  dental  descends  with  the  dental  nerve  to  the  foramen  on  the  inner 
side  of  the  ramus  of  the  jaw.  It  runs  along  the  dental  canal  in  the  substance 
of  the  bone,  accompanied  by  the  nerve,  and  opposite  the  first  bicuspid  tooth  divides 
into  two  branches,  incisor  and  mental ;  the  former  is  continued  forward  beneath 
the  incisor  teeth  as  far  as  the  symphysis,  where  it  anastomoses  with  the  artery  of 
the  opposite  side ;  the  mental  branch  escapes  with  the  nerve  at  the  mental  foramen, 
supplies  the  structures  composing  the  chin,  and  anastomoses  with  the  submental, 
inferior  labial,  and  inferior  coronary  arteries.  As  the  dental  artery  enters  the 
foramen  it  gives  off  a  mylo-hyoid  branch,  which  runs  in  the  mylo-hyoid  groove, 
and  ramifies  on  the  under  surface  of  the  Mylo-hyoid  muscle.  The  dental  and 
incisor  arteries  during  their  course  through  the  substance  of  the  bone  give  off  a 
few  twigs  which  are  lost  in  the  cancellous  tissue,  and  a  series  of  branches  which 
correspond  in  number  to  the  roots  of  the  teeth  :  these  enter  the  minute  apertures 
at  the  extremities  of  the  fangs  and  supply  the  pulp  of  the  teeth. 

Branches  of  the  Second  or  Pterygoid  Portion  of  Internal  Maxillary. 

Deep  Temporal.  Masseteric. 

Pterygoid.  Buccal. 

These  branches  are  distributed,  as  their  names  imply,  to  the  muscles  in  the 
maxillary  region. 

The  deep  temporal  branches,  two  in  number,  anterior  and  posterior,  each 
occupy  that  part  of  the  temporal  fossa  indicated  by  its  name.  Ascending  between 
the  Temporal  muscle  and  pericranium,  they  supply  that  muscle  and  anastomose 
with  the  other  temporal  arteries,  the  anterior  branch  communicating  with  the 
lachrymal  through  small  branches  which  perforate  the  malar  bone  and  great  wing 
of  the  sphenoid. 
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The  pterygoid  branches,  irregular  in  their  number  and  origin,  supply  the 
Pterygoid  muscles. 

The  masseteric  is  a  small  branch  which  passes  outward,  above  the  sigmoid 
notch  of  the  lower  jaw,  to  the  deep  surface  of  the  Masseter.  It  supplies  that 
muscle,  and  anastomoses  with  the  masseteric  branches  of  the  facial  and  with  the 
transverse  facial  artery. 

The  buccal  is  a  small  branch  which  runs  obliquely  forward  between  the  Internal 
pterygoid  and  the  ramus  of  the  jaw,  to  the  outer  surface  of  the  Buccinator,  to 
which  it  is  distributed,  anastomosing  with  branches  of  the  facial  artery. 

Branches  of  the  Third  or  Spheno-maxillary  Portion  of  Internal 

Maxillary. 

Alveolar.  Vidian. 

Infra-orbital.  Pterygo-palatine. 

Posterior  or  Descending  Palatine.  Naso-  or  Spheno-palatine. 

The  alveolar  or  posterior  dental  branch  is  given  off  from  the  internal  maxillary 
by  a  common  branch  with  the  infra-orbital,  and  just  as  the  trunk  of  the  vessel  is 
passing  into  the  spheno-maxillary  fossa.  Descending  upon  the  tuberosity  of  the 
superior  maxillary  bone,  it  divides  into  numerous  branches,  some  of  which  enter 
the  posterior  dental  canals,  to  supply  the  molar  and  bicuspid  teeth  and  the  lining 
of  the  antrum,  and  others  are  continued  forward  on  the  alveolar  process  to  supply 
the  gums. 

The  infra-orbital  appears,  from  its  direction,  to  be  the  continuation  of  the  trunk 
of  the  internal  maxillary.  It  arises  from  that  vessel  by  a  common  trunk  with  the 
preceding  branch,  and  runs  along  the  infra-orbital  canal  with  the  superior  maxil- 
lary nerve,  emerging  upon  the  face  at  the  infra-orbital  foramen,  beneath  the  Levator 
labii  superioris.  Whilst  contained  in  the  canal,  it  gives  off  branches  which  ascend 
into  the  orbit,  and  su[)ply  the  Inferior  rectus  and  Inferior  oblique  muscles  and  the 
lachrymal  gland.  Other  branches  {anterior  dental)  descend  through  canals  in 
the  bone  to  supply  the  mucous  membrane  of  the  antrum  and  the  front  teeth  of 
the  upper  jaw.  On  the  face  some  branches  pass  inward  toward  the  nose,  anasto- 
mosing with  the  angular  branch  of  the  facial  artery  and  nasal  branch  of  the 
ophthalmic ;  and  other  branches  descend  beneath  the  Levator  labii  superioris  and 
anastomose  with  the  transverse  facial  and  buccal  branches. 

The  four  remaining  branches  arise  from  that  portion  of  the  internal  maxillary 
which  is  contained  in  the  spheno-maxillary  fossa. 

The  descending  palatine  passes  down  the  posterior  palatine  canal  with  the 
anterior  palatine  branch  of  Meckel's  ganglion,  and,  emerging  from  the  posterior 
palatine  foramen,  runs  forward  in  a  groove  on  the  inner  side  of  the  alveolar  border 
of  the  hard  palate  to  the  anterior  palatine  canal,  where  the  terminal  branch  of  the 
artery  passes  upward  through  the  foramen  of  Stenson  to  anastomose  with  the 
naso-palatine  artery.  Its  branches  are  distributed  to  the  gums,  the  mucous 
membrane  of  the  hard  palate,  and  the  palatine  glands.  Whilst  it  is  contained  in 
the  palatine  canal  it  gives  off  branches,  which  descend  in  the  accessory  palatine 
canals  to  supply  the  soft  palate  and  tonsil,  anastomosing  with  the  ascending 
palatine  artery. 

The  Vidian  branch  passes  backward  along  the  Vidian  canal  with  the  Vidian 
nerve.  It  is  distributed  to  the  upper  part  of  the  pharynx  and  Eustachian  tube, 
sending  a  small  branch  into  the  tympanum,  which  anastomoses  with  the  anterior 
tympanic. 

The  pterygo-palatine  is  also  a  very  small  branch,  which  passes  backward 
through  the  pterygo-palatine  canal  with  the  pharyngeal  nerve,  and  is  distributed 
to  the  upper  part  of  the  pharynx  and  Eustachian  tube. 

The  spheno-palatine  passes  through  the  spheno-palatine  foramen  into  the 
cavity  of  the  nose,  at  the  back  part  of  the  superior  meatus,  and  divides  into  two 
branches :   one  internal,  the  naso-palatine  or  superior  artery  of  the  septum^  passes 
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obliquely  downward  and  forward  along  the  septum  nasi,  supplies  the  mucous 
membrane,  and  anastomoses  in  front  with  the  terminal  branch  of  the  descending 
palatine.  The  external  branches,  two  or  three  in  number,  supply  the  mucous 
membrane  covering  the  lateral  wall  of  the  nose,  the  antrum,  and  the  ethmoid  and 
sphenoid  cells. 

SURGICAL  ANATOMY  OF  THE  TRIANGLES  OF  THE  NECK. 

The  student  having  considered  the  relative  anatomy  of  the  large  arteries  of  the 
neck  and  their  branches,  and  the  relations  they  bear  to  the  veins  and  nerves,  should 
now  examine  these  structures  collectively,  as  they  present  themselves  in  certain 
regions  of  the  neck,  in  each  of  which  important  operations  are  constantly  being 
performed. 

The  side  of  the  neck  presents  a  somewhat  quadrilateral  outline,  limited,  above, 
by  the  lower  border  of  the  body  of  the  jaw,  and  an  imaginary  line  extending  from 
the  angle  of  the  jaw  to  the  mastoid  process ;  below,  by  the  prominent  upper  border 
of  the  clavicle ;  in  front,  by  the  median  line  of  the  neck ;  behind,  by  the  anterior 
margin  of  the  Trapezius  muscle.  This  space  is  subdivided  into  two  large  triangles 
by  the  Sterno-mastoid  muscle,  which  passes  obliquely  across  the  neck,  from  the 
sternum  and  clavicle  below  to  the  mastoid  process  above.  The  triangular  space 
in  front  of  this  muscle  is  called  the  anterior  triangle  ;  and  that  behind  it,  the 
posteriar  triangle. 

Anterior  Triangle  of  the  Neck. 

The  anterior  triangle  is  bounded,  in  front,  by  a  line  extending  from  the  chin 
to  the  sternum ;  behind,  by  the  anterior  margin  of  the  Sterno-mastoid ;  its  base, 
directed  upward,  is  formed  by  the  lower  border  of  the  body  of  the  jaw  and  a  line 
extending  from  the  angle  of  the  jaw  to  the  mastoid  process ;  its  apex  is  below,  at 
the  sternum.  This  space  is  subdivided  into  three  smaller  triangles  by  the  Digastric 
muscle  above  and  the  anterior  belly  of  the  Omo-hyoid  below.  These  smaller 
triangles  are  named,  from  below  upward,  the  inferior  carotid,  the  superior  carotid, 
and  the  submaxillary  triangle. 

The  Inferior  Oarotid  Triangle  is  bounded,  in  front,  by  the  median  line  of  the 
neck ;  behind,  by  the  anterior  margin  of  the  Sterno-mastoid ;  above,  by  the  anterior 
belly  of  the  Omo-hyoid ;  and  is  covered  by  the  integument,  superficial  fascia, 
Platysma,  and  deep  fascia,  ramifying  between  which  is  the  descending  branch  of 
the  superficialis  colli  nerve.  Beneath  these  superficial  structures  are  the  Sterno- 
hyoid and  Sterno- thyroid  muscles,  which,  together  with  the  anterior  margin  of 
the  Sterno-mastoid,  conceal  the  lower   part  of  the  common  carotid  artery.* 

This  vessel  is  enclosed  within  its  sheath,  together  with  the  internal  jugular 
vein  and  pneumogastric  nerve ;  the  vein  lying  on  the  outer  side  of  the  artery  on 
the  right  side  of  the  neck,  but  overlapping  it,  or  passing  directly  across  it  on  the 
left  side ;  the  nerve  lying  between  the  artery  and  vein,  on  a  plane  posterior  to 
both.  In  front  of  the  sheath  are  a  few  filaments  descending  from  the  loop  of  com- 
munication between  the  descendens  and  communicans  hypoglossi ;  behind  the  sheath 
are  seen  the  inferior  thyroid  artery,  the  recurrent  laryngeal  nerve,  and  the  sym- 
pathetic nerve ;  and  on  its  inner  side,  the  trachea,  the  thyroid  gland — much  more 
prominent  in  the  female  than  in  the  male — and  the  lower  part  of  the  larynx.  By  cut- 
ting into  the  upper  part  of  this  space  and  slightly  displacing  the  Sterno-mastoid 
muscle  the  common  carotid  artery  may  be    tied  below  the  Omo-hyoid  muscle. 

The  floor  of  the  inferior  carotid  triangle  is  formed  by  the  Longus  colli  muscle 
below,  by  the  Scalenus  anticus  above  (see  Fig.  284,  page  426),  between  w^hich 

^  Therefore  the  common  carotid  artery  and  internal  jugular  vein  are  not,  strictly  speaking,  con- 
tained in  this  triangle,  since  they  are  covered  by  the  Sterno-mastoid  muscle ;  that  is  to  say,  lie  behind 
the  anterior  border  of  that  muscle,  which  forms  the  posterior  border  of  the  triangle.  But  as  they  lie 
very  close  to  the  structures  which  are  really  contained  in  the  triangle,  and  whose  position  it  is 
essential  to  remember  in  operating  on  this  part  of  the  artery,  it  has  seemed  expedient  to  study  the 
relations  of  all  these  parts  together. 
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muscles  the  vertebral  artery  and  vein  will  be  found  passing  into  the  foramen  in  the 
sixth  transverse  process ;  a  small  portion  of  the  origin  of  the  Rectus  capitis  anticus 
major  may  also  be  seen  in  the  floor  of  the  space. 

The  Superior  Oarotid  Triangle  is  bounded,  behind,  by  the  Sterno-mastoid ; 
below,  by  the  anterior  belly  of  the  Omo-hyoid ;  and  above,  by  the  posterior  belly 
of  the  Digastric  muscle.  It  is  covered  by  the  integument,  superficial  fascia, 
Platysma,  and  deep  fascia,  ramifying  between  which  are  branches  of  the  facial 
and  superficialis  colli  nerves.  Its  floor  is  formed  by  parts  of  the  Thyro-hyoid, 
Hyo-glossus,  and  the  inferior  and  middle  Constrictor  muscles  of  the  pharynx. 
This  space  contains  the  upper  part  of  the  common  carotid  artery,  which  bifurcates 
opposite  the  upper  border  of  the  thyroid  cartilage  into  the  external  and  internal 
carotid.  These  vessels  are  occasionally  somewhat  concealed  from  view  by  the 
anterior  margin  of  the  Sterno-mastoid  muscle,  which  overlaps  them.  The  external 
and  internal  carotids  lie  side  by  side,  the  external  being  the  more  anterior  of  the 
two.  The  following  branches  of  the  external  carotid  are  also  met  with  in  this 
space;  the  superior  thyroid,  running  forward  and  downward;  the  lingual, 
directly  forward ;  the  facial,  forward  and  upward ;  the  occipital,  backward ; 
and  the  ascending  pharyngeal  directly  upward  on  the  inner  side  of  the  internal 
carotid.  The  veins  met  with  are:  the  internal  jugular,  which  lies  on  the  outer 
side  of  the  common  and  internal  carotid  arteries,  and  veins  corresponding  to  the 
above-mentioned  branches  of  the  external  carotid — viz.  the  superior  thyroid,  the 
lingual,  facial,  ascending  pharyngeal,  and  sometimes  the  occipital, — all  of  which 
accompany  their  corresponding  arteries  and  terminate  in  the  internal  jugular. 
The  nerves  in  this  space  are  the  following :  In  front  of  the  sheath  of  the  common 
carotid  is  the  descendens  hypoglossi.  The  hypoglossal  nerve  crosses  both  carotids 
above,  curving  round  the  occipital  artery  at  its  origin.  Within  the  sheath,  between 
the  artery  and  vein,  and  behind  both,  is  the  pneumogastric  nerve ;  behind  the 
sheath,  the  sympathetic.  On  the  outer  side  of  the  vessels  the  spinal  accessory 
nerve  runs  for  a  short  distance  before  it  pierces  the  Sterno-mastoid  muscle ;  and 
on  the  inner  side  of  the  external  carotid,  just  below  the  hyoid  bone,  may  be  seen 
the  superior  laryngeal  nerve ;  and,  still  more  inferiorly,  the  external  laryngeal 
nerve.  The  upper  part  of  the  larynx  and  lower  part  of  the  pharynx  are  also  found 
in  the  front  part  of  this  space. 

The  Submaxillary  Triangle  corresponds  to  the  part  of  the  neck  immediately 
beneath  the  body  of  the  jaw.  It  is  bounded,  above,  by  the  lower  border  of  the 
body  of  the  jaw  and  a  line  drawn  from  its  angle  to  the  mastoid  process ;  below, 
by  the  posterior  belly  of  the  Digastric  and  Stylo-hyoid  muscles ;  in  front,  by  the 
middle  line  of  the  neck.  It  is  covered  by  the  integument,  superficial  fascia,  Pla- 
tysma, and  deep  fascia,  ramifying  between  which  are  branches  of  the  facial  and 
ascending  filaments  of  the  superficial  cervical  nerves.  Its  floor  is  formed  by  the 
anterior  belly  of  the  Digastric,  the  Mylo-hyoid,  and  the  Hyo-glossus  muscles.  This 
space  contains,  in  front,  the  submaxillary  gland,  imbedded  in  the  substance  of 
which  are  the  facial  artery  and  vein  and  their  glandular  branches ;  beneath  this 
gland,  on  the  surface  of  the  Mylo-hyoid  muscle,  are  the  submental  artery  and  the 
mylo-hyoid  artery  and  nerve.  The  back  part  of  this  space  is  separated  from  the 
front  part  by  the  stylo-maxillary  ligament :  it  contains  the  external  carotid  artery, 
ascending  deeply  in  the  substance  of  the  parotid  gland :  this  vessel  here  lies  in 
front  of,  and  superficial  to,  the  internal  carotid,  being  crossed  by  the  facial  nerve, 
and  gives  off  in  its  course  the  posterior  auricular,  temporal,  and  internal  maxil- 
lary branches :  more  deeply  are  the  internal  carotid,  the  internal  jugular  vein, 
and  the  pneumogastric  nerve,  separated  from  the  external  carotid  by  the  Stylo- 
glossus and  Stylo-pharyngeus  muscles  and  the  glosso-pharyngeal  nerve. ^ 

*  The  same  remark  will  apply  to  this  triangle  as  was  made  about  the  inferior  carotid  triangle. 
The  structures  enumerated  as  contained  in  the  back  part  of  the  space  lie,  strictlv  speaking,  beneath 
the  muscles  which  form  the  posterior  boundary  of  the  triangle ;  but  as  it  is  very  important  to  bear  in 
mind  their  close  relation  to  tne  parotid  gland  and  its  boundaries  (on  account  of  the  frequency  of  sur- 
gical operations  on  this  gland),  all  these  parts  are  spoken  of  together. 
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Posterior  Triangle  of  the  Neck. 

The  posterior  triangle  is  bounded,  in  front,  by  the  Sterno-mastoid  muscle; 
behind,  by  the  anterior  margin  of  the  Trapezius;  its  base  corresponds  to  the 
upper  border  of  the  clavicle;  its  apex,  to  the  occiput.  The  space  is  crossed, 
about  an  inch  above  the  clavicle,  by  the  posterior  belly  of  the  Omo-hyoid,  which 
divides  it  unequally  into  two,  an  upper  or  occipital  and  a  lower  or  subclavian 
triangle. 

The  Occipital,  the  larger  of  the  two  posterior  triangles,  is  bounded,  in  front, 
by  the  Sterno-mastoid;  behind,  by  the  Trapezius;  below,  by  the  Omo-hyoid.  Its 
floor  is  formed  from  above  downward  by  the  Splenius,  Levator  anguli  scapulae, 
and  the  middle  and  posterior  Scaleni  muscles.  It  is  covered  by  the  integument, 
the  Platysma  below,  the  superficial  and  deep  fasciae,  and  by  the  spinal  acces- 
sory nerve,  which  is  directed  obliquely  across  the  space  from  the  Sterno-mastoid, 
which  it  pierces,  to  the  under  surface  of  the  Trapezius ;  below,  the  descending 
branches  of  the  cervical  plexus  and  the  transversalis  colli  artery  and  vein  cross 
the  space.  A  chain  of  lymphatic  glands  is  also  found  running  along  the  pos- 
terior border  of  the  Sterno-mastoid,  from  the  mastoid  process  to  the  root  of  the 
neck. 

The  Subclavian,  the  smaller  of  the  two  posterior  triangles,  is  bounded,  above, 
by  the  posterior  belly  of  the  Omo-hyoid ;  below,  by  the  clavicle,  its  base,  directed 
forward,  being  formed  by  the  Sterno-mastoid.  The  size  of  the  subclavian  trian- 
gle varies  according  to  the  extent  of  attachment  of  the  clavicular  portion  of  the 
Sterno-mastoid  and  Trapezius  muscles,  and  also  according  to  the  height  at  which 
the  Omo-hyoid  crosses  the  neck  above  the  clavicle.  Its  height  also  varies  much 
according  to  the  position  of  the  arm,  being  much  diminished  by  raising  the  limb, 
on  account  of  the  ascent  of  the  clavicle,  and  increased  by  drawing  the  arm  down- 
ward, when  that  bone  is  depressed.  This  space  is  covered  by  the  integument, 
superficial  and  deep  fasciae,  and  crossed  by  the  descending  branches  of  the  cervical 
plexus.  Just  above  the  level  of  the  clavicle  the  third  portion  of  the  subclavian 
artery  curves  outward  and  downward  from  the  outer  margin  of  the  Scalenus 
anticus,  across  the  first  rib,  to  the  axilla.  Sometimes  this  vessel  rises  as  high  as 
an  inch  and  a  half  above  the  clavicle,  or  to  any  point  intermediate  between  this 
and  its  usual  level.  Occasionally,  it  passes  in  front  of  the  Scalenus  anticus  or 
pierces  the  fibres  of  that  muscle.  The  subclavian  vein  lies  behind  the  clavicle, 
and  is  usually  not  seen  in  this  space ;  but  it  occasionally  rises  as  high  up  as  the 
artery,  and  has  even  been  seen  to  pass  with  that  vessel  behind  the  Scalenus 
anticus.  The  brachial  plexus  of  nerves  lies  above  the  artery,  and  in  close  contact 
with  it.  Passing  transversely  across  the  clavicular  margin  of  the  space  are  the 
suprascapular  vessels,  and  traversing  its  upper  angle  in  the  same  direction,  the 
transversalis  colli  artery  and  vein.  The  external  jugular  vein  runs  vertically 
downward  behind  the  posterior  border  of  the  Sterno-mastoid,  to  terminate  in  the 
subclavian  vein;  it  receives  the  transverse  cervical  and  suprascapular  veins,  which 
occasionally  form  a  plexus  in  front  of  the  artery,  and  a  small  vein  which  crosses 
the  clavicle  from  the  cephalic.  The  small  nerve  to  the  Subclavius  muscle  also 
crosses  this  triangle  about  its  middle.  A  lymphatic  gland  is  also  found  in  the 
space.  Its  floor  is  formed  by  the  first  rib  with  the  first  digitation  of  the  Serratus 
magnus. 

The  Internal  Carotid  Artery. 

The  internal  carotid  artery  supplies  the  anterior  part  of  the  brain,  the  eye, 
and  its  appendages,  and  sends  branches  to  the  forehead  and  nose.  Its  size  in 
the  adult  is  equal  to  that  of  the  external  carotid,  though  in  the  child  it  is  larger 
than  that  vessel.  It  is  remarkable  for  the  number  of  curvatures  that  it  presents 
in  different  parts  of  its  course.  In  its  cervical  portion  it  occasionally  presents 
one  or  two  flexures  near  the  base  of  the  skull,  whilst  through  the  rest  of  its  extent 
it  describes  a  double  curvature  which  resembles  the  italic  letter  9  placed  horizon- 
tally.   These  curvatures  most  probably  diminish  the  velocity  of  the  current  of 
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blood,  by  increasing  the  extent  of  surface  over  which  it  moves  and  adding  to  the 
amount  of  impediment  produced  from  friction. 

In  considering  the  course  and  relations  of  this  vessel  it  may  be  conveniently- 
divided  into  four  portions :  a  cervical,  petrous,  cavernous,  and  cerebral. 

Oervical  Portion. — This  portion  of  the  internal  carotid  commences  at  the  bifur- 
cation of  the  common  carotid,  opposite  the  upper  border  of  the  thyroid  cartilage, 
and  runs  perpendicularly  upward,  in  front  of  the  transverse  processes  of  the  three 
upper  cervical  vertebrae,  to  the  carotid  canal  in  the  petrous  portion  of  the  temporal 
bone.  It  is  superficial  at  its  commencement,  being  contained  in  the  superior 
carotid  triangle,  and  lying  on  the  same  level  as  the  external  carotid,  but  behind 
that  artery  overlapped  by  the  Sterno-mastoid  and  covered  by  the  deep  fascia, 
Platysma,  and  integument :  ii  then  passes  beneath  the  parotid  gland,  being  crossed 
by  the  hypoglossal  nerve,  the  Digastric  and  Stylo-hyoid  muscles,  and  the  external 
carotid  and  occipital  arteries.  Higher  up,  it  is  separated  from  the  external  carotid 
by  the  Stylo-glossus  and  Stylo-pharyngeus  muscles,  the  glosso-pharyngeal  nerve, 
and  pharyngeal  branch  of  the  pneumogastric.  It  is  in  relation,  behind^  with  the 
Rectus  capitis  anticus  major,  the  superior  cervical  ganglion  of  the  sympathetic, 
and  superior  laryngeal  nerve ;  externally^  with  the  internal  jugular  vein  and  pneu- 
mogastric nerve ;  internally^  with  the  pharynx,  tonsil,  the  superior  laryngeal  nerve, 
and  ascending  pharyngeal  artery. 

Petrous  Portion. — When  the  internal  carotid  artery  enters  the  canal  in  the 
petrous  portion  of  the  temporal  bone,  it  first  ascends  a  short  distance,  then  curves 
forward  and  inward,  and  again  ascends  as  it  leaves  the  canal  to  enter  the  cavity 
of  the  skull.  In  this  canal  the  artery  lies  at  first  anterior  to  the  tympanum,  from 
which  it  is  separated  by  a  thin,  bony  lamella,  which  is  cribriform  in  the  young 
subject,  and  often  absorbed  in  old  age.  It  is  separated  from  the  bony  wall  of  the 
carotid  canal  by  a  prolongation  of  dura  mater,  and  is  surrounded  by  filaments  of 
the  carotid  plexus. 

Oavemous  Portion. — The  internal  carotid  artery  in  this  part  of  its  course  is 
situated  between  the  layers  of  the  dura  mater  forming  the  cavernous  sinus,  but 
covered  by  the  lining  membrane  of  the  sinus.  It  at  first  ascends  to  the  posterior 
clinoid  process,  then  passes  forward  by  the  side  of  the  body  of  the  sphenoid  bone, 
and  again  curves  upward  on  the  inner  side  of  the  anterior  clinoid  process,  and 
perforates  the  dura  mater  forming  the  roof  of  the  sinus.  In  this  part  of  its  course 
it  is  surrounded  by  filaments  of  the  sympathetic  nerve,  and  has  in  relation  with  it 
externally  the  sixth  nerve. 

Cerebral  Portion. — Having  perforated  the  dura  mater  on  the  inner  side  of  the 
anterior  clinoid  process,  the  internal  carotid  enters  the  inner  extremity  of  the 
fissure  of  Sylvius,  where  it  gives  off  its  terminal  or  cerebral  branches.  This 
portion  of  the  artery  has  the  optic  nerve  on  its  inner  side,  and  the  third  nerve 
externally. 

Plan  of  the  Relations  of  the  Internal  Carotid  Artery  in  the  Neck. 

In  front. 

Skin,  superficial  and  deep  fasciae. 

Platysma. 

Sterno-mastoid. 

External  carotid  and  occipital  arteries. 

HypOjfflossal  nerve. 

Parotid  gland. 

Stylo-glossus  and  Stylo-pharyngeus  muscles. 

Glosso-pharyngeal  nerve. 

Pharyngeal  branch  of  the  pneumogastric. 

r>v  Internally. 

Inteinal     \  Phar^TlX. 

Art'ery.       )  Superior  laryngeal  ner\'e. 

xucuuiugiiamu  iici>c.  y  J  Asccndiug  pharyngeal  arterv. 

y  Tonsil. 
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BtJaad. 
RectuB  capitis  anticus  m^jor. 
Sympathetic. 
Superior  laryngeal  nerve. 
Pecoliuities. — The  lengtli  of  the  internal  carotid  varies  according  to  the  length  of  the 
ned,  and  also  according  to  the  point  of  bifurcation  of  the  common  carotid.     Itfi  ungin  some- 
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unies  lakes  place  from  the  arch  of  the  aorta ;  in  such  rare  instances  this  vessel  haa  been  found 
to  be  [Jaoed  nearer  the  middle  line  of  the  neck  than  the  external  carotid,  as  far  upward  as  the 
Biyni,  when  the  ktter  vessel  crossed  the  internal  carotid.  The  course  of  the  vessel,  instead  of 
oeing  Bbaight,  may  be  veiy  tortuous.  A  few  instances  are  recorded  in  which  this  vessel  was 
alioffMher  absent:  in  one  of  these  the  common  carotid  passed  up  the  neck,  and  gave  off  the 
wiM  branches  of  the  external  carotid,  the  cranial  [lortion  of  the  internal  carotid  being  replaced 
"}*  two  braoches  of  the  internal  masiUary,  which  entered  the  skull  through  the  foramen  rolundum 
*^  nrale  and  joined  to  fortn  a  single  vessel. 
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Surgical  Anatomy.;;— The  cervical  part  of  the  internal  carotid  is  veiy  rarely  wounded. 
Mr.  Cripps,  in  an  interesting  paper  in  the  Medico-  Ghirurgical  Transactions^  compares  the  rare- 
ness of  a  wound  of  the  internal  carotid  with  one  of  the  external  or  its  branches.  It  is,  however, 
sometimes  ii^jured  by  a  stab  or  gunshot  wound  in  the  neck,  or  even  occasionally  by  a  stab  from 
within  the  mouth,  as  when  a  person  receives  a  thrust  from  the  end  of  a  parasol  or  faUs  down 
with  a  tobacco-pipe  in  his  mouth.  The  relation  of  the  internal  carotid  with  the  tonsil  should  be 
especially  remembered,  as  instances  have  occurred  in  which  the  artery  has  been  wounded  during 
the  operation  of  scarifying  the  tonsil,  and  fatal  hsBmorrhage  has  supervened.  The  indications 
for  ligature  are  wounds,  when  the  vessel  should  be  exposed  by  a  carefiil  dissection  and  tied 
above  and  below  the  bleeding  point ;  and  aneurism,  which  if  non-traumatic  may  be  treated  by 
ligature  of  the  common  carotid,  but  if  traumatic  in  origin  by  exposing  the  sac  and  tying  the 
vessel  above  and  below.  The  incision  for  ligature  of  the  cervical  portion  of  the  internal  carotid 
should  be  made  along  the  anterior  border  of  the  Sterno-n^astoid,  from  the  angle  of  the  jaw  to 
the  upper  border  of  the  thyroid  cartilage.  The  superficial  structures  being  divided  and  the 
Sterno-mastoid  defined  and  drawn  outward,  the  cellular  tissue  must  be  carefully  separated  and 
the  posterior  belly  of  the  Digastric  and  hypoglossal  nerve  sought  for  as  guides  to  the  vessel. 
When  the  artery  is  found  the  external  carotid  should  be  drawn  inward  and  the  Digastric  muscles 
upward,  and  the  aneurism  needle  passed  from  without  inward. 

The  branches  given  off  from  the  internal  carotid  are — 

From  the  Petrous  portion     .     Tympanic  (internal  or  deep). 

iArteriae  Receptaculi. 
Anterior  Meningeal. 
Ophthalmic. 
{Anterior  Cerebral. 
Middle  Cerebral. 
Fostenor  Communicating. 
Anterior  Choroid. 

The  cervical  portion  of  the  internal  carotid  gives  off  no  branches. 

The  tympanic  is  a  small  branch  which  enters  the  cavity  of  the  tympanum 
through  a  minute  foramen  in  the  carotid  canal,  and  anastomoses  with  the  tympanic 
branch  of  the  internal  maxillary,  and  with  the  stylo-mastoid  artery. 

The  arterisB  receptaculi  are  numerous  small  vessels,  derived  from  the  internal 
carotid  in  the  cavernous  sinus ;  they  supply  the  pituitary  body,  the  Gasserian 
ganglion,  and  the  walls  of  the  cavernous  and  inferior  petrosal  sinuses.  Some  of 
these  branches  anastomose  with  branches  of  the  middle  meningeal. 

The  anterior  meningeal  is  a  small  branch  which  passes  over  the  lesser  wing  of 
the  sphenoid  to  supply  the  dura  mater  of  the  anterior  fossa;  it  anastomoses  with 
the  meningeal  branch  from  the  posterior  ethmoidal  artery. 

The  Ophthalmic  Artery  arises  from  the  internal  carotid,  just  as  that  vessel 
is  emerging  from  the  cavernous  sinus,  on  the  inner  side  of  the  anterior  clinoid 
process,  and  enters  the  orbit  through  the  optic  foramen,  below  and  on  the  outer 
side  of  the  optic  nerve.  It  then  passes  over  the  nerve  to  the  inner  wall  of  the 
orbit,  and  thence  horizontally  forward,  beneath  the  lower  border  of  the  Superior 
oblique  muscle,  to  a  point  behind  the  internal  angular  process  of  the  frontal  bone, 
where  it  divides  into  two  terminal  branches,  the  frontal  and  nasal. 

Branches. — The  branches  of  this  vessel  may  be  divided  into  an  orbital  group^ 
which  are  distributed  to  the  orbit  and  surrounding  parts,  and  an  ocular  group^ 
which  supply  the  muscles  and  globe  of  the  eye: 

Orbital  Group.  Ocular  Group. 

Lachrymal.  Muscular. 

Supra-orbital.  Anterior  Ciliary. 

Posterior  Ethmoidal.  Short  Ciliary. 

Anterior  Ethmoidal.  Long  Ciliary. 

Palpebral.  Arteria  Centralis  Retinas. 
Frontal. 
Nasal. 

The  lachrymal  is  the  first  and  one  of  the  largest  branches  derived  from  the 
ophthalmic,  arising  close  to  the  optic  foramen :    not  unfrequently  it  is  given  off 
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from  the  artery  before  it  enters  the  orbit.  It  accompanies  the  lachrymal  nerve 
sloDgtbe  upper  border  of  the  External  rectus  muscle,  and  is  distributed  to  the 
lachrymal  gland.  Its  terminal  branches,  escaping  from  the  gland,  are  distributed 
10  ihe  eyelids  and  conjunctiva,  anastomoBing  with  the  palpebral  arteries.  The 
lachrymal  artery  gives  off  one  or  two  malar  branches,  one  of  which  passes  through 
a  foramen  in  the  malar  bone,  to  reach  the  temporal  fossa,  and  anastomoses  with 
tbe  deep  temporal  arteries ;  the  other  appears  on  the  cheek  and  anastomoses  with 


"emporal  br 

of  tachrg 


Fic.  363.— The  ophthalmic  artery  anil  lis  branches,  the  roof  of  the  orbit  having  b«en  removed. 

the  transverse  facial.  A  branch  is  also  sent  backward  through  the  sphenoidal 
fissure  to  the  dura  mater,  which  anastomoses  with  a  branch  of  the  middle  menin- 
geal artery. 

PeculiaritieB.— The  lachrymal  artery  is  sometimes  derived  from  one  of  the  anterior  branches 
of  the  middle  meningeal  artery. 

The  anpra-orUtal  artery  arises  from  the  ophthalmic  as  that  vessel  is  crossing 
over  the  optic  nerve.  Ascending  so  as  to  arise  above  all  the  muscles  of  the  orbit, 
it  passes  forward,  with  the  supra-orbital  nerve,  between  the  periosteum  and 
Levator  palpebrae;  and,  passing  through  the  supra-orbilal  foramen,  divides  into  a 
!U|>erticial  and  deep  branch,  which  supply  the  integument,  the  muscles,  and  the 
pericranium  of  the  forehead,  anastomosing  with  the  frontal,  the  anterior  branch 
of  the  temporal,  and  the  artery  of  the  opposite  side.  This  artery  in  the  orbit 
supplies  the  Superior  rectus  and  the  Levator  palpebrae.  and  sends  a  branch 
inward,  across  the  pulley  of  the  Superior  oblique  muscle,  to  supply  the  parts  at  the 
inaer  can  thus.  At  the  supra-orbital  foramen  it  frequently  transmits  a  branch  to 
the  diploe. 

The  ethmoidal  branches  are  two  in  number — posterior  and  anterior.  Tbe 
firmer,  which  is  the  smaller,  passes  through  the  posterior  ethmoidal  foramen, 
SDpplies  the  posterior  ethmoidal  cells,  and.  entering  the  cranium,  gives  off  a 
meningeal  branch,  which  supplies  the  adjacent  dura  mater,  and  nasal  branches 
which  descend  into  tbe  nose  through  apertures  in  the  cribriform   plate,  anasto- 
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mosing  with  branches  of  the  spheno-palatine.  The  anterior  ethmoidal  artery 
accompanies  the  nasal  nerve  through  the  anterior  ethmoidal  foramen,  supplies  the 
anterior  ethmoidal  cells  and  frontal  sinuses,  and,  entering  the  cranium,  gives  off 
a  meningeal  branch,  which  supplies  the  adjacent  dura  mater,  and  nasal  branches, 
which  descend  into  the  nose,  through  apertures  in  the  cribriform  plate. 

The  palpebral  arteries,  two  in  number,  superior  and  inferior,  arise  from  the 
ophthalmic,  opposite  the  pulley  of  the  Superior  oblique  muscle ;  they  leave  the 
orbit  to  encircle  the  eyelids  near  their  free  margin,  forming  a  superior  and  an 
inferior  arch,  which  lie  between  the  Orbicularis  muscle  and  tarsal  plates ;  the 
superior  palpebral  inosculating  at  the  outer  angle  of  the  orbit  with  the  orbital 
branch  of  the  temporal  artery,  and  with  a  branch  from  the  lachrymal  artery — the 
inferior  palpebral  inosculating,  at  the  outer  angle  of  the  orbit  with  a  branch 
from  the  lachrymal  and  transverse  facial  arteries,  and  at  the  inner  side  of  the 
lid  with  a  branch  from  the  angular  artery.  From  this  anastomosis  a  branch 
passes  to  the  nasal  duct,  ramifying  in  its  mucous  membrane,  as  far  as  the  inferior 
meatus. 

The  frontal  artery,  one  of  the  terminal  branches  of  the  ophthalmic,  passes  from 
the  orbit  at  its  inner  angle,  and,  ascending  on  the  forehead,  supplies  the  integument, 
muscles,  and  pericranium,  anastomosing  with  the  supraorbital  artery  and  wnth  the 
artery  of  the  opposite  side. 

The  nasal  artery,  the  other  terminal  branch  of  the  ophthalmic,  emerges  from 
the  orbit  above  the  tendo  oculi,  and,  after  giving  a  branch  to  the  upper  part  of 
the  lachrymal  sac,  divides  into  two  branches,  one  of  which  anastomoses  with  the 
angular  artery ;  the  other,  the  dorsalis  nasi,  runs  along  the  dorsum  of  the  nose, 
supplies  its  entire  surface,  and  anastomoses  with  the  artery  of  the  opposite  side. 

The  ciliary  arteries  are  divisible  into  three  groups,  the  short,  the  long,  and  ante- 
rior. The  short  ciliary  arteries,  from  six  to  twelve  in  number,  arise  from  the  ophthal- 
mic or  some  of  its  branches ;  they  surround  the  optic  nerve  as  they  pass  forward 
to  the  posterior  part  of  the  e3^eball,  pierce  the  sclerotic  coat  around  the  entrance  of 
the  nerve,  and  supply  the  choroid  coat  and  ciliary  processes.  The  long  ciliary 
arteries,  two  in  number,  also  pierce  the  posterior  part  of  the  sclerotic,  and  run 
forward,  along  each  side  of  the  eyeball,  between  the  sclerotic  and  choroid,  to  the 
ciliary  muscle,  where  they  divide  into  two  branches  ;  these  form  an  arterial  circle 
around  the  circumference  of  the  iris,  from  which  numerous  radiating  branches 
pass  forward,  in  its  substance,  to  its  free  margin,  where  they  form  a  second  arterial 
circle  around  its  pupillary  margin.  The  anterior  ciliary  arteries  are  derived  from 
the  muscular  branches ;  they  pierce  the  sclerotic  a  short  distance  from  the  cornea, 
and  terminate  in  the  great  arterial  circle  of  the  iris. 

The  arteria  centralis  retinae  is  one  of  the  smallest  branches  of  the  ophthalmic 
artery.  It  arises  from  the  ophthalmic  as  that  vessel  is  about  to  cross  over  the 
optic  nerve ;  it  pierces  the  optic  nerve  obliquely,  and  runs  forward  in  the  centre  of 
its  substance,  and  enters  the  globe  of  the  eye  through  the  porus  opticus.  Its  mode 
of  distribution  will  be  described  in  the  account  of  the  anatomy  of  the  eye. 

The  muscular  branches,  two  in  number,  superior  and  inferior,  supply  the  mus- 
cles of  the  eyeball.  The  superior,  the  smaller,  often  wanting,  supplies  the  Levator 
palpebrae,  Superior  rectus,  and  Superior  oblique.  The  inferior,  more  constant  in 
its  existence,  passes  forward  between  the  optic  nerve  and  Inferior  rectus,  and  is 
distributed  to  the  External,  Internal,  and  Inferior  recti,  and  Inferior  oblique. 
This  vessel  gives  off  most  of  the  anterior  ciliary  arteries. 

The  cerebral  branches  of  the  internal  carotid  are — the  anterior  cerebral,  the 
middle  cerebral,  the  posterior  communicating,  and  the  anterior  choroid. 

The  anterior  cerebral  arises  from  the  internal  carotid  at  the  inner  extremity  of 
the  fissure  of  Sylvius.  It  passes  forward  in  the  great  longitudinal  fissure  between 
the  two  anterior  lobes  of  the  brain,  being  connected,  soon  after  its  origin,  with  the 
vessel  of  the  opposite  side  by  a  short  anastomosing  trunk,  about  two  lines  in  length, 
the  anterior  communicating.  The  two  anterior  cerebral  arteries,  lying  side  by 
side,  curve  round  the  anterior  border  of  the  corpus  callosum,  and   run  along  its 
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tipper  surface  to  its  posterior  part,  where  they  terminate  by  anastomosing  with  the 
posterior  cerebral  arteries.     In  their  course  they  give  off  the  following  branches: 

Antero-median  and  Ganglionic.  Middle  and  Internal  Frontal. 

Anterior  and  Internal  Frontal.  Posterior  and  Internal  Frontal. 


Fig.  SM.— The  arteries  of  the  base  of  the  brain.   The  right  half  or  the  cerebellum  and  pous  liave  be«n 

N.B.— It  will  be  noticed  that  in  the  iUustration  the  two  anterior  cerebral  arteries  have  been 
drami  at  a  considerable  distance  from  each  other ;  this  makes  the  anterior  communicating  artery 
*ppear  very  much  longer  tban  it  really  is. 

The  antero-median  ganglionic  is  a  group  of  small  arteries  which  arise  at  the 
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commencement  of  the  anterior  cerebral  artery ;  they  pierce  the  anterior  perforated 
space  and  lamina  cinerea,  and  supply  the  head  of  the  caudate  nucleus. 

The  anterior  and  internal  frontal  branches  supply  the  two  inferior  frontal 
convolutions.  The  middle  and  internal  frontal  branches  supply  the  corpus 
callosum,  the  convolution  of  the  corpus  callosum,  the  inner  surface  of  the  first 
frontal  convolution,  and  the  upper  part  of  the  ascending  frontal  convolution.  The 
posterior  and  internal  frontal  branches  supply  the  lobus  quadvatus. 

The  anterior  communicating  artery  is  a  short  branch,  about  two  lines  in 
length,    but   of  moderate   size,  connecting   together  the  two  anterior   cerebral 


Fissure  of  Rolando, 


Fio.  856.— Vascular  are®  of  the  internal  surface  of  the  cerebrum.    (After  Charcot.)    The  rei^ons  marked  off 

by  the  line  ( )  represent  the  area  of  distribution  of  the  anterior  cerebral  artery :  I.  Anterior  and  internal 

frontal  arteries.    II.  Middle  and  internal  frontal  arteries.    III.  Posterior  and  internal  fW>ntaI  arteries.    The 

regions  marked  off  by  the  line  ( -)  represent  the  area  of  distribution  of  the  posterior  cerebral 

arteries :  IV.  to  the  temporo-sphenoidal  lobe ;  V.  to  the  cuneus  and  occipital  lobe ;  a  third  branch  supplies  the 
uncinate  gyrus. 

arteries  across  the  longitudinal  fissure.  Sometimes  this  vessel  is  wanting,  the 
two  arteries  joining  together  to  form  a  single  trunk,  which  afterward  divides.  Or 
the  vessel  may  be  wholly  or  partially  divided  into  two ;  frequently  it  is  longer 
and  smaller  than  usual.  It  gives  off  some  of  the  antero-median  ganglionic  group 
of  vessels,  which  are,  however,  principally  derived  from  the  anterior  cerebral. 

The  middle  cerebral  artery  (Fig.  356),  the  largest  branch  of  the  internal  car- 
otid, passes  obliquely  outward  along  the  fissure  of  Sylvius,  and  opposite  the  island 
of  Reil  divides  into  its  terminal  branches.  The  branches  of  the  middle  cerebral 
artery  are — 


Antero-lateral  Ganglionic. 
External  and  Inferior  Frontal. 


Ascending  Frontal. 
Ascending  Parietal. 


Parieto-sphenoidal. 

The  ayiterO'lateral  ganglionic  branches  are  a  group  of  small  arteries  which 
arise  at  the  commencement  of  the  middle  cerebral  artery  ;  they  pierce  the  ante- 
rior perforated  space  and  supply  the  greater  part  of  the  caudate  nucleus,  the  len- 
ticular nucleus,  the  internal  capsule,  and  a  part  of  the  optic  thalamus.  One 
artery  of  this  group,  distributed  to  the  lenticular  nucleus,  is  of  larger  size  than 
the  rest,  and  is  of  special  importance,  as  being  the  artery  in  the  brain  most  fre- 
quently ruptured ;  it  has  been  termed  by  Charcot  the  "  artery  of  cerebral  hemor- 
rhaged The  external  and  inferior  frontal  supplies  the  third  or  inferior  frontal 
convolution  (Broca's  convolution).  The  ascending  frontal  supplies  the  ascending 
frontal  convolution.     The  ascending  parietal  supplies  the  ascending  parietal  con- 
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volution.     The  parieto-tphenoidal  supplies  the  superior  teniporo-sphenoidal  con- 
volution and  the  angular  gyrus. 

The  posterior  communicatiiig  artery  arises  from  the  back  part  of  the  internal 
carotid,  runs  directly  backward,  and  anastomoses  with  the  posterior  cerebral,  a 


le  cerebral  anetf.   (Adcr  Charcot.) 

branch  of  the  basilar.  This  artery  varies  considerably  in  size,  being  sometimes 
Hraall.  and  occasionally  so  large  that  the  posterior  cerebral  may  be  considered  as 
arising  from  the  internal  carotid  rather  than  from  the  basilar.  It  is  frequently 
larger  on  one  side  than  on  the  other  side.  From  the  posterior  half  of  this  vessel 
are  given  off  a  number  of  small  branches,  the  postero-mediayi  gattglionic  briinekes, 
which,  with  simitar  vessels  from  the  posterior  cerebral,  pierce  the  posterior  perfo- 
rated space  and  supply  the  internal  surfaces  of  the  optic  thalami  and  the  walls  of 
the  third  ventricle. 

The  anterior  choroid  is  a  small  but  constant  branch  which  arises  from  the 
back  part  of  the  internal  carotid,  near  the  posterior  communicating  artery. 
Pa.ssing  backward  and  outward,  it  enters  the  descending  horn  of  the  lateral  ven- 
tricle beneath  the  edge  of  the  middle  lobe  of  the  brain.  It  is  distributed  to  the 
hippocampus  major,  corpus  fimbriatum,  velum  interpositum,  and  choroid  plexus. 

The  Blood-yeaaels  of  the  Brain. 

Recent  investigations  have  tended  to  show  that  the  mode  of  distribution  of 
the  vessels  of  the  brain  has  an  important  bearing  upon  a  considerable  number  of 
the  anatomical  lesions  of  which  this  part  of  the  nervous  system  may  be  the  seat; 
it  therefore  becomes  important  to  consider  a  little  more  in  detail  the  way  in  which 
the  cerebral  vessels  are  distributed. 

The  cerebral  arteries  are  derived  from  the  internal  carotid  and  the  vertebral, 
which  at  the  base  of  the  brain  form  a  remarkable  anastomosis  known  as  the  cirele 
of  Willis.  It  is  formed  in  front  by  the  anterior  cerebral  arteries,  branches  of  the 
internal  carotid,  which  are  connected  together  by  the  anterior  communicating; 
behind  by  the  two  posterior  cerebrals,  branches  of  the  basilar  which  are  connected 
on  each  side  with  the  internal  carotid  by  the  posterior  communicating  (Fig.  854, 
p.  673).  The  parts  of  the  brain  included  within  this  arterial  circle  are  the  lamina 
cinerea,  the  commissure  of  the  optic  nerves,  the  infundibulum,  the  tuber  cinereum, 
the  corpora  albicantia,  and  the  posterior  perforated  space. 

From  the  circle  of  Willis  arise  the  three  trunks  which  together  supply  each 
cerebral  hemisphere.  From  its  anterior  part  proceed  the  two  anterior  cerebrals, 
from  its  antero-lateral  part  the  middle  cerebral,  and  from  its  posterior  part  the 
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posterior  cerebrals.  Each  of  these  principal  arteries  gives  origin  to  two  very 
different  systems  of  secondary  vessels.  One  of  these  systems  has  been  named  the 
central  ganglionic  system^  and  the  vessels  belonging  to  it  supply  the  central  ganglia 
of  the  brain ;  the  other  has  been  named  the  cortical  arterial  system^  and  its  vessels 
ramify  in  the  pia  mater  and  supply  the  cortex  and  subjacent  medullary  matter. 
These  two  systems,  though  they  have  a  common  origin,  do  not  communicate  at  any 
point  of  their  peripheral  distribution,  and  are  entirely  independent  of  each  other. 
Though  some  of  the  arteries  of  the  cortical  system  approach,  at  their  terminations, 
the  regions  supplied  by  the  central  ganglionic  system,  no"  communication  between 
the  two  sets  of  vessels  takes  place,  and  there  is  between  the  parts  supplied  by 
the  two  systems  a  borderland  of  diminished  nutritive  activity,  where,  it  is  said, 
softening  is  especially  liable  to  occur  in  the  brains  of  old  people. 

The  Central  GangUonic  System. — All  the  vessels  belonging  to  this  system  are 
given  off  from  the  circle  of  Willis  or  from  the  vessels  immediately  after  their  origin 


^^^^  Anterior  cereal  artery. 
Intemarcantid  artery. 

Middle  c^ebral  artery. 


jPofAeriw  oeHbral  artery. 


Vertebrai  artery. 


Fig.  357.— Diagram  of  the  arterial  circulation  at  the  base  of  the  brain.  (After  Charcot.)  I.  Anteromedian 
group  of  ganglionic  branches.  II.  Postero-medlan  group.  III.  Right  and  left  antero-lateral  group.  IV.  RjgliC 
and  left  postero-lateral  group.    The  dotted  line  shows  the  limit  of  me  ganglionic  circle. 

from  it,  so  that  if  a  circle  is  drawn  at  a  distance  of  about  an  inch  from  the  circle 
of  Willis,  it  will  include  the  origin  of  all  the  arteries  belonging  to  this  system  (Fig. 
357).  The  vessels  of  this  system  form  six  principal  groups :  (1.)  the  antero-median 
group ^  derived  from  the  anterior  cerebrals  and  anterior  communicating ;  (II.)  the 
postero-median  groups  from  the  posterior  cerebrals  and  posterior  communicating  ; 
(III.)  the  right  and  left  antero-lateral group ^  from  the  middle  cerebrals:  and(Iv.) 
the  right  and  left  postero-lateral  group ^  from  the  posterior  cerebrals,  after  they  nave 
wound  round  the  crura  cerebri.  The  vessels  belonging  to  this  system  are  larger 
than  those  of  the  cortical  system,  and  are  what  Cohnheim  has  termed  "terminal " 
arteries ;  that  is  to  say,  vessels  which  from  their  origin  to  their  termination  neither 
supply  nor  receive  any  anastomotic  branch,  so  that  by  one  of  the  small  vessels 
only  a  limited  area  of  the  central  ganglia  can  be  injected ;  and  the  injection  cannot 
be  driven  beyond  the  area  of  the  part  supplied  by  the  particular  vessel  which  is  the 
subject  of  the  experiment. 

The  Cortical  Arterial  STstem. — The  vessels  forming  this  system  are  the  terminal 
branches  of  the  anterior,  middle,  and  posterior  cerebral  arteries,  described  above. 
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These  vessels  divide  and  ramify  in  the  substance  of  tfae  pia  mater,  and  give  off 
nutrient  arteries  which  penetrate  the  cortex  perpendicularly.  These  nutrient  vessels 
are  divisible  into  two  classes — the  long  and  short.  The  long — or,  as  they  arc  some- 
times called,  the  medullary — arteries  pass  through  the  gray  matter  to  penetrate  the 
centrum  ovale  to  the  depth  of  about  an  inch  and  a  half,  without  intercommuni ea- 
ting otherwise  than  by  very  fine  capillaries,  and  thus  constitute  so  many  indepead- 


Fia.sae— Dittributfon  of  the  cortical  arteriei.  (After  Chaicot.)    1.  Medullai;  arteriei.  L'.  Group  or  medu  liar; 
nerirt  tn  thp  nulFiin  hptur«.n  two  adjacent  oonTolutlong.    1".  Arteries  eltuMefl  aronng  GratlolefB  cominla- 
.  a.  CapUlary  network  with  &lrly  vrtde  mesbea,  situated  beneatb  the  ola 


ent  small  systems.  The  short  vessels  are  confined  to  the  cortex,  where  they  form 
with  ibe  long  vessels  a  compact  network  in  the  middle  zone  of  the  gray  matter,  the 
outer  and  inner  zones  being  sparingly  supplied  with  blood  (Fig.  358).  The  vessels 
of  the  cortical  arterial  system  are  not  so  strictly  "terminal"  as  those  of  the 
central  ganglionic  system,  but  they  approach  this  type  very  closely,  so  that  injec- 
tion of  one  area  from  the  vessel  of  another  area,  though  it  may  be  possible,  is 
frequently  very  difiicult.  and  is  only  effected  through  vessels  of  small  calibre.  As 
»  result  of  this,  obstruction  of  one  of  the  main  branches  or  its  divisions  may  have 
the  effect  of  producing  softening  in  a  very  limited  area  of  the  cortex,' 

ARTERIES  OF  THE  UPPER  EXTREMITY. 

The  artery  which  supplies  the  upper  extremity  continues  as  a  single  trunk 
from  its  commencement  down  to  the  elbow,  but  different  portions  of  it  have 
received  different  names  according  to  the  region  through  which  it  passes.  That 
part  of  the  vessel  which  extends  from  its  origin  to  the  lower  border  of  the  first 
rib  is  termed  the  subclavian ;  beyond  this  point  to  the  lower  border  of  the  axilla 
it  is  termed  the  axillary  ;  and  from  the  lower  margin  of  the  axillary  space  to  the 
bend  of  the  elbow  it  is  termed  brachial ;  here  the  single  trunk  terminates  by 
dividing  into  two  branches,  the  radial  and  ulnar — an  arrangement  precisely  similar 
to  what  occurs  in  the  lower  limb, 

'  The  Mudent  who  dexirea  further  Information  oi 
of  Ctrrbral  and  Spinal  Viittua,  p.   42  a  atq.,  when 
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THE  SUBOLAVIAH  ABTEBIES  (Fig.  350). 

The  BUbclaTian  axterr  on  the  right  side  arises  from  the  innominate  artery 
opposite  the  right  sterno-clavicular  articulation ;  on  the  left  side  it  arises  from  the 
arch  of  the  aorta.  It  follows,  therefore,  that  these  two  vessels  must,  in  the  first 
part  of  their  course,  differ  in  their  length,  their  direction,  and  their  relation  with 
neighboring  parts. 

In  order  to  facilitate  the  description  of  these  vessels,  more  especially  from  a 


(From  a  preparation  Id  tbe  Huaeitm  of  the  Royal 

surgical  point  of  view,  each  subclavian  artery  has  been  divided  into  three  parts. 
The  first  portion,  on  the  right  side,  paaaes  upward  and  outward  from  the  origin 
of  the  vessel  to  the  inner  border  of  the  Scalenus  anticus.  On  the  left  side  it  ascends 
nearly  vertically,  to  gain  the  inner  border  of  that  muscle.  The  second  part  passes 
outward,  behind  the  Scalenus  anticus;  and  the  third  part  passes  from  the  outer 
margin  of  that  muscle,  beneath  the  clavicle,  to  the  lower  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  The  first  portion  of  these  two  vessels 
differs  so  much  in  its  course  and  in  its  relation  with  neighboring  parts  that  it 
will  be  described  separately.  The  second  and  third  parts  are  alike  on  the  two 
sides. 
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First  Part  of  the  Right  Subclavian  Artery  (Figs.  344,  369). 

The  right  subclavian  artery  arises  from  the  arteria  innominata,  opposite  the 
right  sterno-clavicular  articulation,  and  passes  upward  and  outward  to  the  inner 
margin  of  the  Scalenus  anticus  muscle.  In  this  part  of  its  course  it  ascends  a 
little  above  the  clavicle,  the  extent  to  which  it  does  so  varying  in  different  cases. 
It  is  covered,  in  fronts  by  the  integument,  superficial  fascia,  Platysma,  deep  fascia, 
the  clavicular  origin  of  the  Sterno-mastoid,  the  Sterno-hyoid,  and  Sterno-thyroid 
muscles,  and  another  layer  of  the  deep  fascia.  It  is  crossed  by  the  internal  jugular 
and  vertebral  veins  and  by  the  pneumogastric,  the  cardiac  branches  of  the 
sympathetic,  and  the  phrenic  nerve.  Beneath^  the  artery  is  invested  by  the 
pleura,  and  behind^  it  is  separated  by  a  cellular  interval  from  the  Longus  colli, 
the  neck  of  the  first  rib,  and  the  cord  of  the  sympathetic  nerve ;  the  recurrent 
laryngeal  nerve  winds  round  the  lower  and  back  part  of  the  vessel.  The  subclavian 
vein  lies  below  the  subclavian  artery,  immediately  behind  the  clavicle. 

Plan  of  Relations  of  First  Portion  of  the  Right  Subclavian  Artery. 

In  front. 

Skin,  superficial  fascia. 

Platysma,  deep  fascia. 

Clavicular  origin  of  Sterno-mastoid. 

Stemo-hyoid  and  Sterno-thyn)id. 

Internal  jugular  and  vertebral  veins. 

Pneumogastric,  cardiac,  and  phrenic  nerves. 


SuiKiiavian    ^  Beneath, 

Firet  Portion.   /  PleUHl. 


Behind. 
Recurrent  laryngeal  nerve. 
Sympathetic. 
Lonj^us  colli. 
Neck  of  first  rib. 

First  Part  of  the  Left  Subclavian  Artery  (Fig.  344). 

The  left  subclavian  artery  arises  from  the  end  of  the  arch  of  the  aorta, 
opposite  the  fourth  dorsal  vertebra,  and  ascends  nearly  vertically  to  the  inner 
margin  of  the  Scalenus  anticus  muscle.  This  part  of  the  vessel  is,  therefore, 
longer  than  the  right,  situated  more  deeply  in  the  cavity  of  the  chest,  and  directed 
nearly  vertically  upward,  instead  of  arching  outward  like  the  vessel  of  the 
opposite  side. 

It  is  in  relation,  in  fronts  with  the  pleura,  the  left  lung,  the  pneumogastric, 
cardiac,  and  phrenic  nerves,  which  lie  parallel  with  it ;  the  left  carotid  artery,  left 
internal  jugular  and  vertebral  veins,  and  the  commencement  of  the  left  innominate 
vein;  and  is  covered  by  the  Sterno-thyroid,  Sterno-hyoid,  and  Sterno-mastoid 
muscles;  it  has  the  left  carotid  in  front  of,  but  not  in  contact  with,  it ;  behind^  it 
is  in  relation  with  the  oesophagus,  thoracic  duct,  inferior  cervical  ganglion  of  the 
sympathetic,  Longus  colli,  and  vertebral  column.  To  its  inner  side  are  the 
oesophagus,  trachea,  and  thoracic  duct;    to  its  outer  side^  the  pleura. 

Plan  of  Relations  of  First  Portion  of  Left  Subclavian  Artery. 

In  front. 
Pleura  and  left  lung. 

Pneumogastric,  caraiac,  and  phrenic  nerves. 
Left  carotid  artery. 

Left  internal  jugular,  vertebral,  and  innominate  veins. 
Sterno-thyroid,  Sterno-hyoid,  and  Sterno-mastoid  muscles. 
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Inner  side.  jt  >. 

CEsOphagUS.  I        Artery.        /  PleUHL 

Thoracic  duct.  V  / 

Behind, 

(Esophagus  and  thoracic  duct. 

Inferior  cervical  ganglion  of  sympathetic. 

Longus  colli  and  vertebral  column. 

Second  and  Third  Parts  op  the  Subclavian  Artery  (Fig.  347). 

The  Second  Portion  of  the  Subclayian  Artery  lies  behind  the  Scalenus  anticus 
muscle ;  it  is  very  short,  and  forms  the  highest  part  of  the  arch  described  by  that 
vessel. 

Belatious. — It  is  covered,  in  fronts  by  the  skin,  superficial  fascia,  Platysma, 
deep  cervical  fascia,  Sterno-mastoid,  and  by  the  phrenic  nerve,  which  is  separated 
from  the  artery  by  the  Scalenus  anticus  muscle.  Behind^  it  is  in  relation  with 
the  pleura  and  the  middle  Scalenus ;  above^  with  the  brachial  plexus  of  nerves ; 
belotv,  with  the  pleura.  The  subclavian  vein  lies  below  and  in  front  of  the  artery, 
separated  from  it  by  the  Scalenus  anticus. 

Plan  of  Relations  of  Second  Portion  of  Subclavian  Artery. 

In  front 

Skin  and  superficial  fascia. 

Platysma  and  deep  cervical  fascia. 

Sterno-mastoid. 

Phrenic  nerve. 

Scalenus  anticua 

Subclavian  vein. 

Above.  (  Subclavian    \  BdoV). 

I         Artery. 

Brachial  plexus.  \     Portion.     /  Pleura. 

Behind. 
Pleura  and  Middle  Scalenus. 
The  Third  Portion  of  the  Subclavian  Artery  passes  downward  and  outward 
from  the  outer  margin  of  the  Scalenus  anticus  to  the  lower  border  of  the  first  rib, 
where  it  becomes  the  axillary  artery.  This  portion  of  the  vessel  is  the  most 
superficial,  and  is  contained  in  a  triangular  space,  the  base  of  which  is  formed  in 
front  by  the  Sterno-mastoid,  and  the  two  sides  by  the  Omo-hyoid  above  and  the 
clavicle  below. 

Plan  of  Relations  of  Third  Portion  of  Subclavian  Artery. 

In  front 
Skin  and  superficial  fascia. 
Platysma  and  deep  cervical  fascia. 

Descending  brancnes  of  cervical  plexus.     Nerve  to  Subclavius  muscle. 
Subclavius  muscle,  suprascapular  arterj',  and  vein. 
The  external  jugular  and  transverse  cervical  veins. 
The  clavicle. 

Above.  I  ^"^Ji:^':"   \  Below. 

Brachial  plexus.  \     Poi-uon.    /  ^^s^  "^ 

Omo-hyoid.  V  / 

Behind. 
Scalenus  medius. 
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Belaticns. — It  is  covered,  in  fronts  by  the  skin,  the  superficial  fascia,  the 
Platysma,  deep  cervical  fascia ;  by  the  clavicle,  the  Subclavius  muscle  and  the 
suprascapular  artery  and  vein,  and  the  transverse  cervical  vein ;  the  clavicular 
descending  branches  of  the  cervical  plexus  and  the  nerve  to  the  Subclavius  muscle 
pass  vertically  downward  in  front  of  the  artery.  The  external  jugular  vein  crosses 
it  at  its  inner  side,  and  receives  the  suprascapular  and  transverse  cervical  veins, 
which  occasionally  form  a  plexus  in  front  of  it.  The  subclavian  vein  is  below  the 
arter3%  lying  close  behind  the  clavicle.  Behind^  it  lies  on  the  middle  Scalenus 
muscle;  above  it,  and  to  its  outer  side,  is  the  brachial  plexus  and  Omo-hyoid mus- 
cle ;  below^  it  rests  on  the  upper  surface  of  the  first  rib. 

Pecnliaiities. — ^The  subclavian  arteries  vary  in  their  origin,  their  course,  and  the  height  to 
which  they^  rise  in  the  neck. 

The  origin  of  the  right  subclavian  from  the  innominate  takes  place,  in  some  cases,  above  the 
sterno-clavicular  articulation,  and  occasionally,  but  less  frequently,  in  the  cavity  of  the  thorax, 
below  that  joint.  Or  the  artery  may  arise  as  a  separate  trunk  from  the  arch  of  the  aorta.  In 
such  cases  it  may  be  either  the  first,  second,  third,  or  even  the  last  branch  derived  from  that  ves- 
sel ;  in  the  migority  of  cases  it  is  the  first  or  last,  rarely  the  second  or  third.  When  it  is  the  first 
branch,  it  occupies  the  ordinary  position  of  the  innominate  artery ;  when  the  second  or  third,  it 
eains  its  usual  position  by  passmg  behind  the  right  carotid ;  and  when  the  last  branch,  it  arises 
m>m  the  lefl  extremity  of  the  arch,  at  its  upper  or  back  part,  and  passes  obliquely  toward  the 
right  side,  usually  behind  the  oesophagus  and  right  carotid,  sometimes  between  the  cesophagus 
aad  trachea  to  the  upper  border  of  the  first  rib,  whence  it  follows  its  ordinary  course.  In  vexy 
rare  instances  this  vessel  arises  from  the  thoracic  aorta,  as  low  down  as  the  fourth  dorsal  verte- 
bra. Occasionally  it  perforates  the  anterior  Scalenus ;  more  rarely  it  passes  in  front  of  that 
muscle.  Sometimes  the  subclavian  vein  passes  with  the  artery  behind  the  Scalenus.  The 
artery  sometimes  ascends  as  high  as  an  inch  and  a  half  above  the  clavicle  or  any  intermediate 
point  between  this  and  the  upper  border  of  the  bone,  the  right  subclavian  usually  ascending 
nigher  than  the  left. 

The  left  subclavian  is  occasionally  joined  at  its  origin  with  the  lefl  carotid. 

SuifEkce  Marking.;— The  coiuise  of  the  subclavian  artery  in  the  neck  may  be  mapped  out 
by  describing  a  curve,  with  its  convexity  upward  at  the  base  of  the  posterior  triangle.  The  inner 
end  of  this  curve  corresponds  to  the  sterno-clavicular  joint,  the  outer  end  to  the  centre  of  the 
lower  border  of  the  clavicle.  The  curve  is  to  be  drawn  with  such  an  amount  of  convexity  that 
its  mid-point  reaches  half  an  inch  above  the  upper  border  of  the  clavicle.  The  lefl  subclavian 
artery  is  more  deeply  placed  than  the  right  in  the  first  part  of  its  course,  and,  as  a  rule,  does  not 
reach  quite  as  hi^h  a  level  in  the  neck.  It  should  be  borne  in  mind  that  the  posterior  border  of 
the  Stemo-mastoid  muscle  corresponds  to  the  outer  border  of  the  Scalenus  anticus,  so  that  the 
third  portion  of  the  artery,  that  part  most  accessible  for  operation,  lies  immediately  external  to 
the  pc>stefior  border  of  the  Stemo-mastoid. 

ourgieal  Anatomy. — ^The  relations  of  the  subclavian  arteries  of  the  two  sides  having  been 
examined,  the  student  should  direct  his  attention  to  a  consideration  of  the  best  position  in  which 
compression  of  the  vessel  may  be  efi*ected,  or  in  what  situation  a  ligature  may  be  best  applied  in 
cases  of  aneurism  or  wound. 

Compression  of  the  subclavian  artery  is  required  in  cases  of  operations  about  the  shoul- 
der, in  the  axilla,  or  at  the  upper  part  of  the  arm ;  and  the  student  will  observe  that  there  is 
only  one  situation  in  which  it  can  be  effectually  applied — viz.  where  the  artery  passes  across  the 
outer  surface  of  the  first  rib.  In  order  to  compress  the  vessel  in  this  situation,  the  shoulder 
should  be  depressed,  and  the  surgeon,  grasping  the  side  of  the  neck,  should  press  with  his 
thumb  in  the  angle  formed  by  the  posterior  border  of  the  Sterno-mastoid  with  the  upper  border 
of  the  clavicle,  downward,  backward,  and  inward  against  the  rib ;  if  from  any  cause  tne  shoulder 
cannot  be  sufficiently  depressed,  pressure  may  be  made  from  before  backward,  so  as  to  compress 
the  artery  against  the  middle  Scalenus  and  transverse  process  of  the  seventh  cer\'ical  vertebra. 
In  appropriate  cases,  a  prehminary  incision  may  be  made  through  the  cervical  fascia,  and  the 
finger  may  be  pressed  down  directly  upon  the  artery. 

Ligature  of  the  subclavian  artery  may  be  required  in  cases  of  wounds  or  of  aneurism  in 
the  axilla,  or  in  cases  of  aneurism  on  the  cardiac  side  of  the  point  of  ligature ;  and  the  third  part 
of  the  artery  is  that  which  is  most  favorable  for  an  operation,  on  account  of  its  being  compara- 
tively superficial  and  most  remote  from  the  origin  of  the  large  branches.  In  those  cases  where 
the  clavicle  is  not  displaced,  this  operation  ma^-^  be  performed  with  comparative  facility;  but 
where  the  clavicle  is  pushed  ud  by  a  laree  aneurismal  tumor  in  the  axilla  the  artery  is  placed  at 
a  great  depth  from  the  surface,  which  materially  increases  the  difficulty  of  the  operation. 
Under  these  circumstances  it  becomes  a  matter  of  importance  to  consider  the  height  to  which 
this  vessel  reaches  above  the  bone.  In  ordinarj-  cases  its  arch  is  about  half  an  inch  above  the 
clavicle,  occasionally  as  high  as  an  inch  and  a  half,  and  sometimes  so  low  as  to  be  on  a  level  with 
its  upper  border.  If  the  clavicle  is  displaced,  these  variations  will  necessarily  make  the  opera- 
tion more  or  less  difficult  according  as  the  vessel  is  more  or  less  accessible. 

The  chief  points  in  the  operation  of  tying  the  third  portion  of  the  subclavian  arteiy  are  as 
follows :  The  patient  being  placed  on  a  table  in  the  horizontal  position,  with  the  head  drawn 
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over  to  the  opposite  side  and  the  shoulder  depressed  as  much  as  possible,  the  integument  should 
be  drawn  downward  upon  the  clavicle,  and  an  incision  made  through  it,  upon  that  bone,  from 
the  anterior  border  of  the  Trai>ezius  to  the  posterior  border  of  the  Sterno-mastoid,  to  which  may 
be  added  a  short  vertical  incision  meeting  the  preceding  in  its  centre.  The  object  in  drawing 
the  skin  downward  is  to  avoid  any  risk  of  woundmg  the  external  jugular  vein,  for  as  it  perforates 
the  deep  fascia  above  the  clavicle,  it  cannot  be  drawn  downward  with  the  skin.  The  cervical 
fascia  should  be  divided  upon  a  director,  and  if  the  interval  between  the  Trapezius  and  Stemo- 
mastoid  muscles  be  insufficient  for  the  performance  of  the  operation,  a  portion  of  one  or  both 
may  be  divided.  The  external  jugular  vein  will  now  be  seen  toward  the  inner  side  of  the  wound : 
this  and  the  suprascapular  and  transverse  cervical  veins,  which  terminate  in  it,  should  be  held 
aside.  If  the  external  iugular  vein  is  at  all  in  the  way  and  exposed  to  imuiy,  it  should  be  tied 
in  two  places  and  divided.  The  suprascapular  artery  should  be  avoided,  and  the  Omo-hyoid 
muscle  held  aside  if  necessary.  In  the  space  beneath  this  muscle  careful  search  must  be  made 
for  the  vessel :  a  deep  layer  of  fascia  and  some  connective  tissue  having  been  divided  carefully, 
the  outer  margin  of  the  Scalenus  anticus  muscle  must  be  felt  for,  and,  the  finger  being  guided  by 
it  to  the  first  nb,  the  pulsation  of  the  subclavian  artery  will  be  felt  as  it  passes  over  the  rib. 
The  aneurism  needle  may  then  be  passed  around  the  vessel  from  above  downward  and  inward,  so  as 
to  avoid  including  any  of  the  branches  of  the  brachial  plexus.  If  the  clavicle  is  so  raised  by  the 
tumor  that  the  application  of  the  ligature  cannot  be  effected  in  this  situation,  the  artery  may  be 
tied  above  the  first  rib,  or  even  behind  the  Scalenus  anticus  muscle ;  the  difficulties  of  the  ope- 
ration in  such  a  case  will  be  materially  increased,  on  account  of  the  greater  depth  of  the  artery 
and  the  alteration  in  position  of  the  surrounding  parts. 

The  second  part  of  the  subclavian  arteiy,  from  being  that  portion  which  rises  highest  in 
the  neck,  has  been  considered  favorable  for  the  application  of  the  ligature  when  it  is  difficult  to 
tie  the  artery  in  the  third  part  of  its  course.  There  are,  however,  many  objections  to  the  ope- 
ration in  this  situation.  It  is  necessary  to  divide  the  Scalenus  anticus  muscle,  upon  which  lies 
the  phrenic  nerve,  and  at  the  inner  side  of  which  is  situated  the  internal  jugular  vein  ;  and  a 
wound  of  either  of  these  structures  might  lead  to  the  most  dangerous  consequences.  Again, 
the  artery  is  in  contact,  below,  with  the  pleura,  which  must  also  be  avoided ;  and,  lastly,  the 
proximity  of  so  many  of  its  large  branches  arising  internal  to  this  point  must  be  a  still  further 
objection  to  the  operation.  In  cases,  however,  where  the  sac  of  an  axillaiy  aneurism  encroaches 
on  the  neck,  it  may  be  necessary  to  divide  the  outer  half  or  two-thirds  of  the  Scalenus  anticus 
muscle,  so  as  to  place  the  ligature  on  the  vessel  at  a  greater  distance  from  the  sac.  The  opera- 
tion is  performed  exactly  in  the  same  way  as  ligature  of  the  third  portion,  until  the  Scalenus 
anticus  is  exposed,  when  it  is  to  be  divided  on  a  director  (never  to  a  greater  extent  than  its  outer 
two-thirds),  and  it  immediately  retracts.  The  operation  is  therefore  merely  an  extension  of  liga- 
ture of  the  third  portion  of  the  vessel. 

In  those  cases  of  aneurism  of  the  axillary  or  subclavian  artery  which  encroach  upon  the 
outer  portion  of  the  Scalenus  muscle  to  such  an  extent  that  a  ligature  cannot  be  applied  in  that 
situation,  it  may  be  deemed  advisable,  as  a  last  resource,  to  tie  the  first  portion  of  the  subcla- 
vian artery.  On  the  lefl  side  this  operation  is  almost  impracticable ;  the  great  depth  of  the 
artery  from  the  surface,  its  intimate  relation  with  the  pleura,  and  its  close  proximity  to  the 
thoracic  duct  and  to  so  many  important  veins  and  nerves,  present  a  series  of  difficulties  which  it 
is  next  to  impossible  to  overcome.*  On  the  right  side  the  operation  is  practicable,  and  has  been 
performed,  though  never  with  success.  The  main  objection  to  the  operation  in  this  situation  is 
the  smallness  of  the  interval  which  usually  exists  between  the  commencement  of  the  vessel  and 
the  origin  of  the  nearest  branch.  The  operation  mav  be  performed  in  the  following  manner: 
The  patient  being  placed  on  the  table  in  the  horizontal  position  with  the  neck  extended,  an  incis- 
ion should  be  made  alonj^  the  upper  border  of  the  inner  part  of  the  clavicle,  and  a  second 
along  the  inner  border  of  the  Sterno-niastoid,  meeting  the  former  at  an  angle.  The  sternal 
attachment  of  the  Stemo-mastoid  may  now  be  divided  on  a  director  and  turned  outward ;  a  few 
small  arteries  and  veins,  and  occasionally  the  anterior  jugular,  must  be  avoided,  or,  if  necessary, 
ligatured  in  two  places  and  divided,  and  the  Sterno-hyoid  and  Sterno-thyroid  muscles  divided  in 
the  same  manner  as  the  preceding  muscle.  Afler  tearing  through  the  deep  fascia  with  the  finger- 
nail the  internal  jugular  vein  will  be  seen  crossing  the  subclavian  artery ;  this  should  be  pressed 
aside  and  the  artery  secured  by  passing  the  needle  from  below  upward,  by  which  the  pleura  is 
more  effectually  avoided.  The  exact  position  of  the  vagus  nerve,  the  recurrent  laryngeal,  the 
phrenic  and  sympathetic  nerves  should  be  remembered,  and  the  ligature  should  be  applied  near 
the  origin  of  the  vertebral  in  order  to  afford  as  much  room  as  possible  for  the  formation  of  a 
coagulum  between  the  ligature  and  the  origin  of  the  vessel.  It  should  be  remembered  that  the 
right  subclavian  artery  is  occasionally  deeply  placed  in  the  first  part  of  its  course  when  it  arises 
from  the  lefl  side  of  the  aortic  arch,  and  passes  in  such  cases  behind  the  oesophagus  or  between 
it  and  the  trachea. 

Collateral  Circulation. — After  ligature  of  the  third  part  of  the  subclavian  artery  the  col- 
lateral circulation  is  mainly  established  oy  three  sets  of  vessels,  thus  described  in  a  dissection : 

*'  1.  A  posterior  set,  consisting  of  the  suprascapular  and  posterior  scapular  branches  of  the 
subclavian,  anastomosing  with  the  median  branch  from  the  subscapular  from  the  axillary. 

^^  2.  An  internal  set  produced  by  the  connection  of  the  internal  mammary  on  the  one  hand, 

*  The  operation  was,  however,  performed  in  New  York  by  Dr.  J.  K.  Bodgers,  and  the  case  is 
related  in  A  System  of  Surgery^  edited  by  T.  Holmes,  2d  ed.  vol  iii.  pp.  620,  etc. 
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with  the  superior  and  long  thoracic  arteries,  and  the  branches  from  the  subscapular  on  the 
other. 

'^  3.  A  middle  or  axillary  set,  which  consisted  of  a  number  of  small  vessels  derived  from 
branches  of  the  subclavian,  above,  and,  passing  through  the  axilla,  terminated  either  in  the 
main  trunk  or  some  of  the  branches  of  tne  axillary  below.  This  last  set  presented  most  con- 
spicuously the  peculiar  character  of  newly-formed  or,  rather,  dilated  arteries,  being  excessively 
tortuous,  and  forming  a  complete  plexus. 

"  The  chief  a^ent  in  the  restoration  of  the  axillary  artery  below  the  tumor  was  the  sub- 
scapular artery,  which  communicated  most  freely  with  the  internal  mammar}',  suprascapular, 
ana  posterior  scapuJar  branches  of  the  subclavian,  from  all  of  which  it  received  so  great  an 
influx  of  blood  as  to  dilate  it  to  three  times  its  natural  size."  ^ 

When  a  ligature  is  applied  to  the  first  part  of  the  subclavian  artery,  the  collateral  circula- 
tion is  carried  on  by — 1,  tne  anastomosis  between  the  superior  and  inferior  thyroid ;  2,  the  anas- 
tomosis of  the  two  vertebrals ;  3,  the  anastomosis  of  the  internal  mammary  with  the  deep 
epigastric  and  the  aortic  intercostals ;  4,  the  superior  intercostal  anastomosing  with  the  aortic 
intercostals ;  5,  the  profVinda  cervicis  anastomosing  with  the  princeps  cervicis ;  6,  the  scapular 
branches  of  the  thyroid  axis  anastomosing  with  the  branches  of  the  axillary ;  and  7,  the  thoracic 
branches  of  the  axillaiy  anastomosing  with  the  aortic  intercostals. 

Branches  of  the  Subclavian  Artery. 

These  are  four  in  number.  On  the  left  side  all  four  branches,  the  vertebral^ 
the  internal  mammary^  the  thyroid  axis^  and  the  superior  intercostal^  generally 
arise  from  the  first  portion  of  the  vessel ;  but  on  the  right  side  the  superior  inter- 
costal usually  arises  from  the  second  portion  of  the  vessel.  On  both  sides  of  the 
body  the  first  three  branches  arise  close  together  at  the  inner  margin  of  the  Sca- 
lenus anticus,  in  the  majority  of  cases  a  free  interval  of  half  an  inch  to  an  inch 
existing  between  the  commencement  of  the 
artery  and  the  origin  of  the  nearest  branch  ; 
in  a  smaller  number  of  cases  an  interval 
of  more  than  an  inch  exists,  never  exceed- 
ing an  inch  and  three-quarters.  In  a  very 
few  instances  the  interval  had  been  found 
to  be  less  than  half  an  inch. 

The  Vertebral  Artery  (Fig.  352)  is  gen- 
erally the  first  and  largest  branch  of  the 
subclavian;  it  arises  from  the  upper  and 
back  part  of  the  first  portion  of  the  vessel, 
and,  passing  upward,  enters  the  foramen 
in  the  transverse  process  of  the  sixth  cerv- 
ical vertebra,*  and  ascends  through  the  for- 
amina in  the  transverse  processes  of  all  the 
vertebrae  above  this.  Above  the  upper  bor- 
der of  the  axis  it  inclines  outward  and  upward  to  the  foramen  in  the  transverse 
process  of  the  atlas,  through  which  it  passes ;  it  then  winds  backward  behind  its 
articular  process,  runs  in  a  deep  groove  on  the  upper  surface  of  the  posterior 
arch  of  this  bone,  and,  passing  beneath  the  posterior  occipito-atlantal  ligament, 
pierces  the  dura  mater  and  enters  the  skull  through  the  foramen  magnum.  It 
then  passes  forward  and  upward  to  the  front  of  the  medulla  oblongata,  and  unites 
with  the  vessel  of  the  opposite  side  at  the  lower  border  of  the  pons  Varolii  to 
form  the  basilar  artery. 

Halations. — At  its  origin  it  is  situated  behind  the  internal  jugular  vein  and 
inferior  thyroid  artery  and  near  the  spine ;  it  lies  between  the  Longus  colli  and 
Scalenus  anticus  muscles,  having  the  thoracic  duct  in  front  of  it  on  the  left  side. 
Within  the  foramina  formed  by  the  transverse  processes  of  the  vertebrae  it  is 
accompanied  by  a  plexus  of  nerves  from  the  inferior  cervical  ganglion  of  the 
sympathetic,  and  is  surrounded  by  a  dense  plexus  of  veins  which  unite  to  form  the 

*  Gmi^b  UoepUal  Beports,  vol.  i.  1836:  case  of  axillarv  aneurism,  in  which  Mr.  Aston  Key  had 
tied  the  subclavian  artery  on  the  outer  edge  of  the  Scalenus  muscle  twelve  years  previously. 

'  The  vertebral  artery  sometimes  enters  the  foramen  in  the  transverse  process  of  the  fifth  ver- 
tebra. Dr.  Smyth,  who  tied  this  artery  in  the  living  subject,  found  it,  in  one  of  his  dissections,  pass- 
ing into  the  foramen  in  the  seventh  vertebra. 


Fio.  360.— Plan  of  the  branches  of  the  right 
subclavian  artery. 
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vertebral  vein  at  the  lower  part  of  the  neck.  It  is  situated  in  front  of  the  cervical 
nerves  as  they  issue  from  the  intervertebral  foramina.  AVhilst  winding  round  the 
articular  process  of  the  atlas  it  is  contained  in  a  triangular  space  {suboccipital 
triangle)  formed  by  the  Rectus  capitis  posticus  major,  the  Superior  and  the  Inferior 
oblique  muscles ;  and  at  this  point  is  covered  by  the  Com  plexus  muscle.  Within 
the  skull,  as  it  winds  round  the  medulla  oblongata,  it  is  placed  between  the  hypo- 
glossal nerve  and  the  anterior  root  of  the  suboccipital  nerve,  beneath  the  first 
digitation  of  the  ligamentum  denticulatum,  and  finally  lies  between  the  dura  mater 
covering  the  basilar  process  of  the  occipital  bone  and  the  anterior  surface  of  the 
medulla  oblongata. 

Branches. — These  may  be  divided  into  two  sets — those  given  oflF  in  the  neck 
and  those  within  the  cranium. 

Cervical  Branches,  Cranial  Branches. 

Lateral  Spinal.  Posterior  Meningeal. 

Muscular.  Anterior  Spinal. 

Posterior  Spinal. 

Posterior  Inferior  Cerebellar. 

The  lateral  spinal  branches  enter  the  spinal  canal  through  the  intervertebral 
foramina  and  divide  into  two  branches.  Of  these,  one  passes  along  the  roots  of 
the  nerves  to  supply  the  spinal  cord  and  its  membranes,  anastomosing  with  the 
other  arteries  of  the  spinal  cord;  the  other  divides  into  an  ascending  and  a 
descending  branch,  which  unite  with  similar  branches  from  the  artery  above  and 
below,  so  that  two  lateral  anastomotic  chains  are  formed  on  the  posterior  surface 
of  the  bodies  of  the  vertebrae  dear  the  attachment  of  the  pedicles.  From  these 
anastomotic  chains  branches  are  given  off  to  supply  the  periosteum  and  the  bodies 
of  the  vertebrae,  and  to  communicate  with  similar  branches  from  the  opposite  side ; 
from  these  latter  small  branches  are  given  off  which  join  similar  branches  above 
and  below,  so  that  a  central  anastomotic  chain  is  formed  on  the  posterior  surface 
of  the  bodies  of  the  vertebrae. 

Muscular  branches  are  given  off  to  the  deep  muscles  of  the  neck,  where  the 
vertebral  artery  curves  round  the  articular  process  of  the  atlas.  They  anastomose 
with  the  occipital  and  with  the  ascending  and  deep  cervical  arteries. 

The  posterior  meningeal  are  one  or  two  small  branches  given  off  from  the 
vertebral  opposite  the  foramen  magnum.  They  ramify  between  the  bone  and  dura 
mater  in  the  cerebellar  fossae,  and  supply  the  falx  cerebelli. 

The  anterior  spinal  is  a  small  branch,  though  larger  than  the  posterior  spinal, 
which  arises  near  the  termination  of  the  vertebral,  and,  descending  in  front  of  the 
medulla  oblongata,  unites  with  its  fellow  of  the  opposite  side  at  about  the  level  of 
the  foramen  magnum.  The  single  trunk,  thus  formed,  descends  on  the  front 
of  the  spinal  cord,  and  is  reinforced  by  a  succession  of  small  branches  which 
enter  the  spinal  canal  through  the  intervertebral  foramina ;  these  branches  are 
derived  from  the  vertebral  and  ascending  cervical  of  the  inferior  thyroid  in  the 
neck ;  from  the  intercostal  in  the  dorsal  region ;  and  from  the  lumbar,  ilio- 
lumbar, and  lateral  sacral  arteries  in  the  lower  part  of  the  spine.  They  unite,  by 
means  of  ascending  and  descending  branches,  to  form  a  single  anterior  median 
artery,  which  extends  as  far  as  the  lower  part  of  the  spinal  cord.  This  vessel  is 
placed  in  the  pia  mater  along  the  anterior  median  fissure :  it  supplies  that  mem- 
brane and  the  substance  of  the  cord,  and  sends  off  branches  at  its  lower  part  to 
be  distributed  to  the  Cauda  equina,  and  ends  on  the  central  fibrous  prolongation 
of  the  cord. 

The  posterior  spinal  arises  from  the  vertebral  at  the  side  of  the  medulla 
oblongata :  passing  backward  to  the  posterior  aspect  of  the  spinal  cord,  it  descends 
on  each  side,  lying  behind  the  posterior  roots  of  the  spinal  nerves,  and  is 
reinforced  by  a  succession  of  small  branches  which  enter  the  spinal  canal  through 
the  intervertebral  foramina,  and  by  which  it  is  continued  to  the  lower  part  of  tlbe 
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cord  and  to  the  cauda  equina.  Branches  from  these  vessels  form  a  free  anasto- 
mosis round  the  posterior  roots  of  the  spinal  nerves,  and  communicate,  by  means 
of  very  tortuous  transverse  branches,  with  the  vessel  of  the  opposite  side.  At  its 
commencement  it  gives  off  an  ascending  branch,  which  terminates  on  the  side  of 
the  fourth  ventricle. 

The  posterior  inferior  cerebellar  artery  (Fig.  354),  the  largest  branch  of  the 
vertebral,  winds  backward  round  the  upper  part  of  the  medulla  oblongata,  passing 
between  the  origin  of  the  pneumogastric  and  spinal  accessory  nerves,  over  the 
restiform  body  to  the  under  surface  of  the  cerebellum,  where  it  divides  into  two 
branches — an  internal  one,  which  is  continued  backward  to  the  notch  between 
the  tw^o  hemispheres  of  the  cerebellum ;  and  an  external  one,  which  supplies  the 
under  surface  of  the  cerebellum  as  far  as  its  outer  border,  where  it  anastomoses 
with  the  anterior  inferior  cerebellar  and  the  superior  cerebellar  branches  of  the 
basilar  artery.  Branches  from  this  artery  supply  the  choroid  plexus  of  the  fourth 
ventricle. 

Surgical  Anatomy.— The  vertebral  artery  has  been  tied  in  several  instances:  1,  for 
wounds  or  traumatic  aneurism ;  2,  after  lisrature  of  the  innominate,  either  at  the  same  time  to 
prevent  haemorrhage,  or  later  on  to  arrest  bleeding  where  it  has  occurred  at  the  seat  of  ligature ; 
and  3,  in  epilepsy.  In  these  latter  cases  the  treatment  has  been  recommended  by  Ihr. 
Alexander  or  Liverpool,  in  the  hope  that  by  diminishing  the  supply  of  blood  to  the  posterior 
part  of  the  brain  and  the  spinal  cord  a  diminution  or  cessation  of^tne  epileptic  fits  woula  result. 
The  operation  of  ligature  of  the  vertebral  is  performed  by  making  an  incision  along  the  posterior 
border  of  the  Stemo-mastoid  muscle,  just  above  the  clavicle.  The  muscle  is  pulled  to  the 
inner  side,  and  the  anterior  tubercle  of  the  transverse  process  of  the  sixth  cervical  vertebra 
sought  for.  A  deep  layer  of  fascia  being  now  divided,  the  mterval  between  the  Scalenus  anticus 
and  the  Longus  colli  just  below  their  insertion  into  the  tubercle  is  defined,  and  the  artery  and 
vein  found  in  the  interspace.  The  vein  is  to  be  drawn  to  the  outer  side,  and  the  aneurism 
needle  passed  from  without  inward.  Drs.  Ramskill  and  Bright  have  pointed  out  that  severe 
pain  at  the  back  of  the  head  may  be  symptomatic  of  disease  of  the  vertebral  artery  just 
before  it  enters  the  skull.  This  is  explained  oy  the  close  connection  of  the  artery  with  the  sub- 
occipital nerve  in  the  groove  on  the  posterior  arch  of  the  atlas.  Disease  of  the  same  artery  has 
been  also  said  to  affect  speech,  from  pressure  on  the  hypoglossal  where  it  is  in  relation  with 
the  vessel,  leading  to  paralysis  of  the  muscles  of  the  tongue. 

The  Basilar  Artery,  so  named  from  its  position  at  the  base  of  the  skull,  is 
a  single  trunk  formed  by  the  junction  of  the  two  vertebral  arteries ;  it  extends 
from  the  posterior  to  the  anterior  border  of  the  pons  Varolii,  lying  in  its 
median  groove,  under  cover  of  the  arachnoid.  It  ends  by  dividing  into  two 
branches,  the  posterior  cerebral  arteries.  Its  branches  are,  on  each  side,  the 
following : 

Transverse.  Superior  Cerebellar. 

Anterior  Inferior  Cerebellar.  Posterior  Cerebral. 

The  transverse  branches  supply  the  pons  Varolii  and  adjacent  parts  of  the 
brain,  one  branch,  the  internal  auditory^  accompanies  the  auditory  nerve  into 
the  internal  auditory  meatus ;  and  another,  the  anterior  inferior  cerebellar  artery, 
passes  across  the  crus  cerebelli,  to  be  distributed  to  the  anterior  border  of  the 
under  surface  of  the  cerebellum. 

The  superior  cerebellar  arteries  arise  near  the  termination  of  the  basilar. 
They  wind  round  the  crus  cerebri  close  to  the  fourth  nerve,  and,  arriving  at  the 
upper  surface  of  the  cerebellum,  divide  into  branches  which  ramify  in  the  pia 
mater  and  anastomose  with  the  branches  of  the  inferior  cerebellar  artery.  Sev- 
eral branches  are  given  to  the  pineal  gland  and  also  to  the  velum  interpositum. 

The  posterior  cerebral  arteries,  the  two  terminal  branches  of  the  basilar,  are 
larger  than  the  preceding,  from  w^hich  they  are  separated  near  their  origin  by  the 
third  nerves.  Winding  round  the  crus  cerebri,  they  pass  to  the  under  surface  of 
the  occipital  lobes  of  the  cerebrum  and  divide  into  three  main  branches.  Near 
their  origin  they  receive  the  posterior  communicating  arteries  from  the  internal 
carotid.     The  branches  of  the  posterior  cerebral  artery  are — 

Postero-median  Ganglionic.  Postero-lateral  Ganglionic. 

Posterior  Choroid.  Three  Terminal. 
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The  postero-median  ganglionic  branches  (Fig.  357)  are  a  group  of  small  arteries 
which  arise  at  the  commencement  of  the  posterior  cerebral  artery ;  these,  with 
similar  branches  from  the  posterior  communicating,  pierce  the  posterior  perforated 
space  and  supply  the  internal  surfaces  of  the  optic  thalami  and  the  walls  of  the 
third  ventricle.  The  posterior  choroid  enters  the  interior  of  the  brain  beneath  the 
posterior  border  of  the  corpus  callosum  and  supplies  the  velum  interpositum  and 
the  choroid  plexus.  The  postero-lateral  ganglionic  branches  are  a  group  of  small 
arteries  which  arise  from  the  posterior  cerebral  artery  after  it  has  turned  round 
the  crus  cerebri ;  they  supply  a  considerable  portion  of  the  optic  thalamus.  The 
terminal  branches  are  distributed  as  follows  :  the  first  to  the  uncinate  gyrus ;  the 
second  to  the  temporo-sphenoidal  lobe ;  and  the  third  to  the  cuneus  or  the  occip- 
ital lobule. 

Circle  of  Willis. — The  remarkable  anastomosis  which  exists  between  the 
branches  of  the  internal  carotid  and  vertebral  arteries  at  the  base  of  the  brain 
constitutes  the  circle  of  Willis.  It  is  formed,  in  front,  by  the  anterior  cerebral 
arteries,  branches  of  the  internal  carotid,  which  are  connected  together  by  the 
anterior  communicating ;  behind,  by  the  two  posterior  cerebrals,  branches  of  the 
basilar,  which  are  connected  on  each  side  with  the  internal  carotid  by  the  pos- 
terior communicating  arteries  (Fig.  354).  It  is  by  this  anastomosis  that  the  cere- 
bral circulation  is  equalized,  and  provision  made  for  eflFectually  carrying  it  on  if 
one  or  more  of  the  branches  are  obliterated.  The  parts  of  the  brain  included 
within  this  arterial  circle  are — the  lamina  cinerea,  the  commissure  of  the  optic 
nerves,  the  infundibulum,  the  tuber  cinereum,  the  corpora  albicantia,  and  the 
posterior  perforated  space. 

The  Thjrroid  Axis  (Fig.  347)  is  a  short  thick  trunk  which  arises  from  the  fore 
part  of  the  first  portion  of  the  subclavian  artery,  close  to  the  inner  border  of  the 
Scalenus  anticus  muscle,  and  divides,  almost  immediately  after  its  origin,  into 
three  branches — the  inferior  thyroid^  suprascapular,  and  transversalis  colli. 

The  Inferior  Thsrroid  Artery  passes  upward,  in  a  serpentine  course,  behind  the 
sheath  of  the  common  carotid  vessel  and  sympathetic  nerve  (the  middle  cervical 
ganglion  resting  upon  it),  and  in  front  of  the  vertebral  artery,  recurrent  laryngeal 
nerve,  and  Longus  colli  muscle,  and  is  distributed  to  the  under  surface  of  the 
thyroid  gland,  anastomosing  with  the  superior  thyroid  and  with  the  corresponding 
artery  of  the  opposite  side.     Its  branches  are — the 

Inferior  Laryngeal.  (Esophageal. 

Tracheal.  Ascending  Cervical. 

Muscular. 

The  inferior  laryngeal  branch  ascends  upon  the  trachea  to  the  back  part  of  the 
larynx,  in  company  with  the  recurrent  laryngeal  nerve,  and  supplies  the  muscles 
and  mucous  membrane  of  this  part,  anastomosing  with  the  branch  from  the  oppo- 
site side  and  with  the  laryngeal  branch  from  the  superior  thyroid  artery. 

The  tracheal  branches  are  distributed  upon  the  trachea,  anastomosing  below 
with  the  bronchial  arteries. 

The  (Bsophageal  branches  are  distributed  to  the  oesophagus,  and  anastomose 
with  the  oesophageal  branches  of  the  aorta. 

The  ascending  cervical  is  a  small  branch  which  arises  from  the  inferior  ijiyroid 
just  where  that  vessel  is  passing  behind  the  common  carotid  artery,  and  runs  up 
on  the  anterior  tubercles  of  the  transverse  processes  of  the  cervical  vertebrae  in 
the  interval  between  the  Scalenus  anticus  and  Rectus  capitis  anticus  major.  It 
gives  branches  to  the  muscles  of  the  neck,  which  anastomose  with  branches  of  the 
vertebral,  and  sends  one  or  two  branches  into  the  spinal  canal  through  the  inter- 
vertebral foramina  to  be  distributed  to  the  spinal  cord  and  its  membranes,  and  to 
the  bodies  of  the  vertebrae  in  the  same  manner  as  the  lateral  spinal  branches  from 
the  vertebral.     It  anastomoses  w^ith  the  ascending  pharyngeal  artery. 

The  muscular  branches  supply  the  depressors  of  the  hyoid  bone,  the  Longus 
colli,  the  Scalenus  anticus,  and  the  Inferior  constrictor  of  the  pharynx. 
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Surgical  Anatomy.— This  artery  is  sometimes  tied,  in  conjunction  with  the  superior  thy- 
rolil,  in  cases  of  bronchocele.  An  incision  is  made  along  the  anterior  border  of  the  Stemo-mas- 
wid  down  to  the  clavicle.  After  the  deep  fascia  has  ticen  divided,  the  Stemo-mastoid  and  caro- 
tid resaels  are  drawn  outward  and  the  carotid  ( Chassai^nac's)  tubercle  sought  for.  The  vessel 
will  be  found  juat  below  this  tubercle,  between  tlie  carotid  sheath  on  theoutersiie  of  the  trachea 
wd  (esophagus  on  the  inner  side.  In  passing  the  ligature  great  care  must  be  exercised  to  avoid 
inrloding  the  recurrent  laiyngeal  nerve. 

The  Snprascapnlar  Artery  (trajuversallfl  linmeri),  smaller  than  the  transversalis 
colli,  passes  obliquely  from  within  outward,  across  the  root  of  the  neck.  It  at 
lirst  lies  on  the  lower  part  of  the  Scalenus  anticus,  being  covered  by  the  Stemo- 
m&atoid  ;  it  then  crosses  the  subclavian  artery,  and  runs  outward  behind  and  par- 
allel with  the  clavicle  and  Subclavius  muscle,  and  beneath  the  posterior  belly  of 
the  Omo-hyoid,  to  the  superior  border  of  the  scapula,  where  it  passes  over  the 
transverse  ligament  of  the  scapula  to  the  supraspinous  fossa.  In  this  situation  it 
lies  close  to  the  bone,  and  ramifies  between  it  and  the  Supraspinatus  muscle,  to 
which  it  is  mainly  distributed,  giving  off  a  communicating  branch  which  crosses 

FoHerior  Meapidar.        „. , 
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ibe  neck  of  the  scapula,  to  reach  the  infraspinous  fossa,  where  it  anastomoses  with 
the  dorsal  branch  of  the  subscapular  artery.  Besides  distributing  branches  to  the 
Merno-mastoid  and  neighboring  muscles,  it  gives  off  a  supra-acromial  branch, 
*hich,  piercing  the  Trapezius  muscle,  supplies  the  cutaneous  surface  of  the  acro- 
mion, anastomosing  with  the  acromial  thoracic  artery.  As  the  artery  passes  over 
the  transverse  ligament  of  the  scapula  a  branch  descends  into  the  subscapular 
fossa,  ramifies  beneath  that  muscle,  and  anastomoses  with  the  posterior  and  sub- 
scapular arteries.  It  also  supplies  the  shoulder-joint  and  a  nutrient  branch  to  the 
clavicle. 

The  TransrarBalis  Colli  passes  transversely  outward,  across  the  upper  part  of 
the  subclavian  triangle,  to  the  anterior  margin  of  the  Trapezius  muscle,  beneath 
which  it  divides  into  two  branches,  the  auperfieial  cervical  and  the  posterior  gcap- 
viar.  In  its  passage  across  the  neck  it  crosses  in  front  of  the  Scaleni  muscles  and 
the  brachial  plexus,  between  the  divisions  of  which  it  sometimes  passes,  and  is 
covered  by  the  Platysma,  Sterno-mastoid,  Omo-hyoid,  and  Trapezius   muscles. 

The  snperflcial  cervical  ascends  beneath  the  anterior  margin  of  the  Trapezius, 
distributing  branches  to  it  and  to  the  neighboring  muscles  and  glands  in  the  neck, 
and  anastomoses  with  the  superficial  branch  of  the  arteria  princepa  cervicis. 

The  posterior   scapiiUr,   the  continuation  of  the   transversalis   colli,   passes 
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beneath  the  Levator  anguli  scapuIsB  to  the  superior  angles  of  the  scapula.  It  now 
descends  along  the  posterior  border  of  that  bone  as  far  as  the  inferior  angle,  where 
it  anastomoses  with  the  subscapular  branch  of  the  axillary.  In  its  course  it 
is  covered  by  the  Rhomboid  muscles,  supplying  them  and  the  Latissimus  dorsi  and 
Trapezius,  and  anastomosing  with  the  suprascapular  and  subscapular  arteries  and 
with  the  posterior  branches  of  some  of  the  intercostal  arteries. 

Peculiarities. — The  sitperficial  cervical  frequently  arises  as  a  separate  branch  from  the 
th}Toid  axis ;  and  the  posterior  scapular,  from  the  third,  more  rarely  from  the  second,  part  of 
the  subclavian. 

The  Internal  Mammary  arises  from  the  under  surface  of  the  first  portion  of 
the  subclavian  artery,  opposite  the  thyroid  axis.  It  descends  behind  the  costal 
cartilage  of  the  first  rib  to  the  inner  surface  of  the  anterior  wall  of  the  chest, 
resting  against  the  costal  cartilages  about  half  an  inch  from  the  margin  of  the 
sternum ;  and  at  the  interval  between  the  sixth  and  seventh  cartilages  divides 
into  two  branches,  the  musculo-phrenic  and  superior  epigastric. 

Belations. — At  its  origin  it  is  covered  by  the  internal  jugular  and  subclavian 
veins  and  crossed  by  the  phrenic  nerve.  In  the  upper  part  of  the  thorax  it  lies 
against  the  costal  cartilages  and  Internal  intercostal  muscles  in  front,  and  is 
covered  by  the  pleura  behind.  At  the  lower  part  of  the  thorax  the  Triangularis 
sterni  separates  the  artery  from  the  pleura.  , 

The  branches  of  the  internal  mammary  are — 

Comes  Nervi  Phrenici  (Superior  Phrenic).  Anterior  Intercostal. 

Mediastinal.  Perforating, 

Pericardiac.  Musculo-phrenic. 

Sternal.  Superior  Epigastric. 

The  comes  nervi  phrenici  (superior  phrenic),  is  a  long  slender  branch  which 
accompanies  the  phrenic  nerve,  betw^een  the  pleura  and  pericardium,  to  the 
Diaphragm,  to  which  it  is  distributed,  anastomosing  with  the  other  phrenic 
arteries  from  the  internal  mammarv  and  abdominal  aorta. 

The  mediastinal  branches  are  small  vessels  which  are  distributed  to  the  areolar 
tissue  and  lymphatic  glands  in  the  anterior  mediastinum  and  the  remains  of  the 
thymus  gland. 

The  pericardiac  branches  supply  the  upper  part  of  the  anterior  surface  of  the 
pericardium,  the  lower  part  receiving  branches  from  the  musculo-phrenic  artery. 

The  sternal  branches  are  distributed  to  the  Triangularis  sterni  and  to  the 
posterior  surface  of  the  sternum. 

The  mediastinal,  pericardiac,  and  sternal  branches,  together  with  some  twigs 
from  the  comes  nervi  phrenici,  anastomose  with  branches  from  the  intercostal  and 
bronchial  arteries,  and  form  a  minute  plexus  beneath  the  pleura,  which  has  been 
named  by  Turner  the  subpleural  mediastinal  plexus. 

The  anterior  intercostal  arteries  supply  the  five  or  six  upper  intercostal  spaces. 
The  branch  corresponding  to  each  space  soon  divides  into  two,  or  the  two 
branches  may  come  off  separately  from  the  parent  trunk.  The  small  vessels  pass 
outward  in  the  intercostal  spaces,  one  lying  near  the  lower  margin  of  the  rib 
above,  and  the  other  near  the  upper  margin  of  the  rib  below,  and  anastomose 
with  the  intercostal  arteries  from  the  aorta.  They  are  at  first  situated  betw^een 
the  pleura  and  the  Internal  intercostal  muscles,  and  then  between  the  Internal 
and  External  intercostal  muscles.  They  supply  the  Intercostal  muscles,  and,  by 
branches  which  perforate  the  External  intercostal  muscle,  the  Pectoral  muscles 
and  the  mammary  gland. 

The  perforating  arteries  correspond  to  the  five  or  six  upper  intercostal  spaces. 
They  arise  from  the  internal  mammary,  pass  forward  through  the  intercostal 
spaces,  and,  curving  outward,  supply  the  Pectoralis  major  and  the  integument. 
Those  which  correspond  to  the  second,  third,  and  fourth  spaces  are  distributed  to 
the  mammary  gland.     In  females,  during  lactation,  these  branches  are  of  large  size. 

The   musculo-phrenic   artery   is    directed   obliquely  downward  and  outward. 
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behind  the  cartilages  of  the  false  ribs,  perforating  the  Diaphragm  at  the  eighth  or 
ninth  rib,  and  terminating,  considerably  reduced  in  size,  opposite  the  last  inter- 
costal space.  It  gives  off  anterior  intercostal  arteries  to  each  of  the  intercostal 
spaces  across  which  it  passes ;  these  diminish  in  size  as  the  spaces  decrease  in 
length,  and  are  distributed  in  a  manner  precisely  similar  to  the  anterior  intercostals 
from  the  internal  mammary.  The  musculo-phrenic  also  gives  branches  to  the 
lower  part  of  the  pericardium,  and  others  which  run  backward  to  the  Diaphragm 
and  downward  to  the  abdominal  muscles. 

The  superior  epigastric  continues  in  the  original  direction  of  the  internal 
mammary ;  it  descends  through  the  cellular  interval  between  the  costal  and  sternal 
attachments  of  the  Diaphragm,  and  enters  the  sheath  of  the  Rectus  abdominis 
muscle,  at  first  lying  behind  the  muscle,  and  then  perforating  it  and  supplying  it, 
and  anastomosing  with  the  deep  epigastric  artery  from  the  external  iliac.  Some 
vessels  perforate  the  sheath  of  the  Rectus,  and  supply  the  muscles  of  the  abdomen 
and  the  integument,  and  a  small  branch,  which  passes  inward  upon  the  side  of  the 
ensiform  appendix,  anastomoses  in  front  of  that  cartilage  with  the  artery  of  the 
opposite  side. 

Surgical  Anatomy. — ^The  course  of  the  internal  mammaiy  arteiy  mav  be  defined  by  draw- 
ing a  line  across  the  six  upper  intercostal  spaces  half  an  inch  from  and  parallel  with  the  sternum. 
The  position  of  the  vessel  must  be  remembered,  as  it  is  liable  to  be  wounded  in  stabs  of  the 
chest-wall.     It  is  most  easily  reached  by  a  transverse  incision  in  the  second  intercostal  space. 

The  Superior  Intercostal  (Fig.  352)  arises  from  the  upper  and  back  part  of  the 
subclavian  artery,  behind  the  Anterior  scalenus  on  the  right  side,  and  to  the  inner 
side  of  the  muscle  on  the  left  side.  Passing  backward,  it  gives  off"  the  deep  cervical 
branchy  and  then  descends  behind  the  pleura  in  front  of  tne  necks  of  the  first  two 
ribs,  and  inosculates  with  the  first  aortic  intercostal.*  In  the  first  intercostal 
space  it  gives  off  a  branch  which  is  distributed  in  a  manner  similar  to  the  distri- 
bution of  the  aortic  intercostals.  The  branch  for  the  second  intercostal  space 
usually  joins  with  one  from  the  aortic  intercostals.  Each  intercostal  gives  off  a 
branch  to  the  posterior  spinal  muscles,  and  a  small  one  which  passes  through  the 
corresponding  intervertebral  foramen  to  the  spinal  cord  and  its  membranes. 

The  deep  cervical  branch  (proftinda  cervicis)  arises,  in  most  cases,  from  the 
superior  intercostal,  and  is  analogous  to  the  posterior  branch  of  an  aortic  inter- 
costal artery.  Passing  backward,  between  the  transverse  process  of  the  seventh 
cervical  vertebra  and  the  first  rib,  it  runs  up  the  back  part  of  the  neck,  between 
the  Complexus  and  Semispinals  colli  muscles,  as  high  as  the  axis,  supplying 
these  and  adjacent  muscles,  and  anastomosing  with  the  deep  branch  of  the  arteria 
princeps  cervicis  of  the  occipital  and  with  branches  which  pass  outward  from  the 
vertebral. 

SURGICAL  ANATOMY  OF  THE  AXILLA. 

The  AzUla  is  a  pyramidal  space,  situated  between  the  upper  and  lateral  part  of 
the  chest  and  the  inner  side  of  the  arm. 

Boundaries. — Its  apex^  which  is  directed  upward  toward  the  root  of  the  neck, 
corresponds  to  the  interval  between  the  first  rib,  the  upper  edge  of  the  scapula, 
and  the  clavicle,  through  which  the  axillary  vessels  and  nerves  pass.  The  Ja«f?, 
directed  downward,  is  formed  by  the  integument,  and  a  thick  layer  of  fascia 
extending  between  the  lower  border  of  the  Pectoralis  major  in  front,  and  the  lower 
border  of  the  Latissimus  dorsi  behind ;  it  is  broad  internally  at  the  chest,  but 
narrow  and  pointed  externally  at  the  arm.  The  anterior  boundary  is  formed  by 
the  Pectoralis  major  and  minor  muscles,  the  former  covering  the  whole  of  the 
anterior  wall  of  the  axilla,  the  latter  covering  only  its  central  part.  The  posterior 
boundary^  which  extends  somewhat  lower  than  the  anterior,  is  formed  by  the  Sub- 
scapularis  above,  the  Teres  major  and  Latissimus  dorsi  below.  On  the  inner  Me 
are  the  first  four  ribs  with  their  corresponding  Intercostal  muscles,  and  part  of  the 
Serratus  magnus.     On  the  outer  side,  where  the  anterior  and  posterior  boundaries 

1  See  foot-note,  p.  609. 
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converge,  the  space  is  narrow,  and  bounded  by  the  humerus,  the  Coraco-brachialia 
and  Biceps  muscles. 

'  Contents. — This  space  contains  the  axillary  vessels  and  brachial  plexus  of 
nerves,  with  their  branches,  sume  branches  of  the  intercostal  nerves,  and  a  large 
number  of  lymphatic  glands,  all  connected  together  by  a  quantity  of  fat  and  loose 
areolar  tissue. 

Their  Position, — The  axillary  artery  and  vein,  with  the  brachial  plexus  of 
nerves,  extend  obliquely  along  the  outer  boundary  of  the  axillary  space,  from  its 
apex  to  its  base,  and  are  placed  much  nearer  the  anterior  than  the  posterior  wa]i, 
the  vein  lying  to  the  inner  or  thoracic  side  of  the  artery  and  partially  concealing 
it.  At  the  fore  part  of  the  axillary  space,  in  contact  with  the  Pectoral  muscles, 
are  the  thoracic  branches  of  the  axillary  artery,  and  along  the  anterior  margin 


Fio,  S«2.— The  iiinaiy  artery  and  lU  brsDCtiea.  ^ 

of  the  axilla  the  long  thoracic  artery  extends  to  the  side  of  the  chest.  At  the 
back  part,  in  contact  with  the  lower  margin  of  the  Subscapularis  muscle,  are  the 
subscapular  vessels  and  nerves ;  winding  around  the  lower  border  of  this  muscle 
is  the  dorsalis  scapulje  artery  and  veins;  and  toward  the  outer  extremity  of  the 
muscle  the  posterior  circumflex  vessels  and  the  circumflex  nerve  are  seen  curving 
backward  to  the  shoulder. 

Along  the  inner  or  thoracic  side  no  vessel  of  any  importance  exists,  the  upper 
part  of  the  space  being  crossed  merely  by  a  few  small  branches  from  the  superior 
thoracic  artery.  There  are  some  important  nerves,  however,  in  this  situation — 
viz.  the  posterior  thoracic  or  external  respiratory  nerve,  descending  on  the  sur- 
face of  the  Serratus  magnus.  to  which  it  is  distributed ;  and  perforatitig  the  upper 
and  anterior  part  of  this  wall,  the  intercos to-humeral  nerve  or  nerves,  passing 
across  the  axilla  to  the  inner  side  of  the  arm. 

The  cavity  of  the  axilla  is  filled  by  a  quantity  of  loose  areolar  tissue  and  a  larfre 
number  of  small  arteries  and  veins,  all  of  which  are,  however,  of  inconsiderable 
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size,  and  numerous  lymphatic  glands  :  these  are  from  ten  to  twelve  in  number,  and 
situated  chiefly  on  the  thoracic  side  and  lower  and  back  part  of  this  space. 

Surgical  Anatomy. — ^The  axilla  is  a  space  of  considerable  surgical  importance.  It  trans- 
mits the  large  vessels  and  nerves  to  the  upper  extremity,  and  these  may  be  the  seat  of  imuiy  or 
disease :  it  contains  numerous  l3rmphatie  glands  which  mav  require  removal  when  diseased ;  in  it 
is  a  Quantity  of  loose  connective  and  adipose  tissue  which  may  be  readily  infiltrated  with  blood 
or  inflammatory  exudation,  and  it  may  be  the  seat  of  rapidly-growing  tumors.  Moreover,  it  is 
covered  at  its  base  by  thin  skin,  largely  supplied  with  sebaceous  and  sweat  glands,  which  is  fre- 
quently the  seat  of  small  cutaneous  abscesses  and  boils,  and  of  eruptions  due  to  irritation. 

In  suppuration  in  the  axilla  the  arrangement  of  the  fasciae  plays  a  very  important  part  in  the 
direction  which  the  pus  takes.  As  described  on  page  470,  the  costo-coracoia  membrane,  after 
oovering  in  the  space  between  the  clavicle  and  the  upper  border  of  the  Pectondis  minor,  splits 
to  enclose  this  muscle,  and,  reblending  at  its  lower  border,  becomes  incorporated  with  the  fascia 
covering  the  Pectoralis  mtyor  muscle  at  the  anterior  fold  of  the  axilla.  This  is  known  as  the 
davi-pectoral  fascia.  Suppuration  may  take  place  either  superficial  to  or  beneath  this  layer  of 
fascia ;  that  is,  either  between  the  pectorals  or  below  the  pectoralis  minor :  in  the  former  case, 
it  would  point  either  at  the  anterior  border  of  the  axillarv  fold  or  in  the  groove  between  the  Del- 
toid and  the  Pectoralis  major ;  in  the  latter,  the  pus  would  have  a  tendency  to  surround  the  vessels 
and  nerves  and  ascend  into  the  neck,  that  being  the  direction  in  which  there  is  least  resistance. 
Its  progress  toward  the  skin  is  prevented  by  the  axillary  fascia ;  its  progress  backward,  by  the 
Serratus  magnus ;  forward,  by  the  clavi-pectoral  fascia ;  inward,  by  the  wall  of  the  thorax ;  and 
outward,  by  the  upper  limb.  The  pus  in  these  cases,  after  extending  into  the  neck,  has  been 
known  to  spread  through  the  superior  opening  of  the  thorax  into  the  mediastinum. 

In  opening  an  axillary  abscess  the  knife  should  be  entered  in  the  floor  of  the  axilla,  midwav 
between  the  anterior  and  posterior  margins  and  near  the  thoracic  side  of  the  space.  It  is  well 
to  use  a  director  and  dressing  forceps  after  an  incision  has  been  made  through  the  skin  and  fascia 
m  the  manner  directed  by  the  late  Mr.  Hilton. 

The  student  should  attentively  consider  the  relation  of  the  vessels  and  nerves  in  the  several 
parts  of  the  axilla,  for  it  not  unfrequently  happens  that  the  surgeon  is  called  upon  to  extirpate 
diseased  glands  or  to  remove  a  tumor  from  tnis  situation.  In  performing  such  an  operation  it 
win  be  necessary  to  j)roceed  with  much  caution  in  the  direction  of  the  outer  wall  and  apex  of  the 
space,  as  here  the  axillary  vessels  will  be  in  danger  of  being  wounded.  Toward  the  posterior  wall 
it  will  be  necessary  to  avoid  the  subscapular,  dorsalis  scapulas,  and  posterior  circumflex  vessels. 
Along  the  anterior  wall  it  will  be  necessary  to  avoid  the  tnoracic  branches.  It  is  only  along  the 
inner  or  thoracic  wall,  and  in  the  centre  of  the  axillary  cavity,  that  there  are  no  vessels  of^  any 
importance— a  fortunate  circumstance,  for  it  is  in  this  situation  more  especially  that  tumors 
requiring  removal  are  usually  situated. 

THE  AZILLABY  ABTEBY. 

The  Axillary  Artery,  the  continuation  of  the  subclavian,  commences  at  the 
lower  border  of  the  first  rib,  and  terminates  at  the  lower  border  of  the  tendon  of 
the  Teres  major  muscle,  where  it  takes  the  name  of  brachial.  Its  direction  varies 
with  the  position  of  the  limb :  when  the  arm  lies  by  the  side  of  the  chest,  the 
vessel  forms  a  gentle  curve,  the  convexity  being  upward  and  outward ;  when  it  is 
directed  at  right  angles  with  the  trunk,  the  vessel  is  nearly  straight ;  and  when 
it  is  elevated  still  higher,  the  artery  describes  a  curve  the  concavity  of  which  is 
directed  upward.  At  its  commencement  the  artery  is  very  deeply  situated,  but 
near  its  termination  is  superficial,  being  covered  only  by  the  skin  and  fascia.  The 
description  of  the  relations  of  this  vessel  is  facilitated  by  its  division  into  three 
portions,  the  first  portion  being  that  above  the  Pectoralis  minor ;  the  second  por- 
tion, behind ;  and  the  third  below,  that  muscle. 

The  first  portion  of  the  axillary  artery  is  in  relation,  in  fronts  with  the  clavic- 
ular portion  of  the  Pectoralis  major,  the  costo-coracoid  membrane,  the  external 
anterior  thoracic  nerve,  and  the  acromio-thoracic  and  cephalic  veins ;  behind^  with 
the  first  intercostal  space,  the  corresponding  Intercostal  muscle,  the  second  and 
third  serrations  of  the  Serratus  magnus,  and  the  posterior  thoracic  nerve ;  on  its 
oyier  «'(?£>,  with  the  brachial  plexus,  from  which  it  is  separated  by  a  little  cellular 
internal;  on  its  inner  or  thoracic  side,  with  the  axillarv  vein. 

iiELATIONS   OF  THE   FiRST   PORTION   OP   THE   AxiLLARY   ArTERY. 

In  front 

Pectoralis  major. 
Costo-coracoid  membrane. 
External  anterior  thoracic  nerve. 
Acromio-thoracic  and  Cephalic  veins. 
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Outer  side,  I     ^^^!f^     \  Inner  side. 

Artery. 

Brachial  plexus.  \  '*"*  Portion,  j  Axillaiy  vein. 

Behind. 

First  Intercostal  space,  and  Intercostal  muscle. 
Second  and  third  serrations  of  Serratus  magnus. 
Posterior  thoracic  nerve. 

Th«  second  portion  of  the  axillary  artery  lies  behind  the  Pectoralis  minor.     It 

is  covered,  m  fronts  by  the  Pectoralis  major  and  minor  muscles ;  behind^  it  is 

separated  from  the  Subscapularis  by  a  cellular  interval ;  on  the  inner  side  is  the 

axillary  vein.     The  brachial  plexus  of  nerves  surrounds  the  artery,  and  separates 

it  from  direct  contact  with  the  vein  and  adjacent  muscles. 

Relations  op  the  Second  Portion  op  the  Axillary  Artery. 

In  front 
Pectoralis  major  and  minor. 

Outer  side.  (    ^^^^^    \  Inner  side. 

Outer  cord  of  plexus.  (      S^^^      I  Axillary  vein. 

"  ^  Inner  cord  of  plexus. 

Behind, 

Subscapularis. 
Posterior  cord  of  plexus. 

The  third  portion  of  the  axillary  artery  lies  below  the  Pectoralis  minor.     It  is 

in  relation,  in  front.,  with  the  lower  part  of  the  Pectoralis  major  above,  being 

covered  only  by  the  integument  and  fascia  below,  where  it  is  crossed  by  the  inner 

head  of  the  median  nerve;  behind^  with  the  lower  part  of  the  Subscapularis  and 

the  tendons  of  the  Latissimus  dorsi  and  Teres  major;  on  its  outer  side.,  with  the 

Coraco-brachialis ;  on  its  inner  or  thoracic  side,  with  the  axillary  vein.    The  nerves 

of  the  brachial  plexus  bear  the  following  relation  to  the  artery  in  this  part  of  its 

course :  on  the  ovter  side  is  the  median  nerve,  and  the  musculo-cutaneous  for  a 

short  distance;   on  the  inner  side.,  the  ulnar,  the  internal,  and  lesser  internal 

cutaneous  nerves;    and  behind.,  the    musculo-spiral   and   circumflex,    the  latter 

extending  only  to  the  lower  border  of  the  Subscapularis  muscle. 

Peculiarities. — ^The  axillary  artery,  in  about  one  case  out  of  every  ten,  gives  off  a  larce 
branch,  which  forms  either  one  of  the  arteries  of  the  forearm  or  a  large  muscular  trunk.  In  the 
first  set  of  cases  this  artery  is  most  frequently  the  radial  (1  in  33),  sometimes  the  ulnar  (1  in  72), 
and,  very  rarely,  the  interosseous  (1  in  506).  In  the  second  set  of  cases  the  trunk  has  been 
found  to  give  origin  to  the  subscapular,  circumflex,  and  profunda  arteries  of  the  arm.  Some- 
times only  one  of  the  circumflex,  or  one  of  the  profunda  arteries,  arose  from  the  trunk. 
In  these  cases  the  brachial  plexas  surrounded  the  trunk  of  the  branches,  and  not  the  main 
vessel. 

Relations  of  the  Third  Portion  of  the  Axillary  Artery. 

In  front. 

Integument  and  fascia. 

Pectoralis  major. 

Inner  head  of  median  nerve. 

Outer  side.  f  \  Inner  side, 

Coraco-brachialis.  [      Arte?y?^      |  Ulnar  nerve. 

Median  nerve.  I  Third  Portion,  y  Internal  cutaneous  nerves. 

Musculo-cutaneous  nerve.  V  /  Axillary  veins. 

Behind. 
Subscapularis. 

Tendons  of  Latissimus  dorsi  and  Teres  mi^or. 
Musculo-spiral  and  circumflex  nerves. 
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Snr&ce  Marking. — ^The  course  of  the  axillary  artery  may  be  marked  out  by  raising  the 
arm  to  a  right  angle  and  drawing  a  line  from  the  middle  of  the  clavicle  to  the  point  where  the 
tendon  of  the  Pectoralis  major  crosses  the  prominence  caused  by  the  Ooraco-brachialis  as  it 
emerges  from  under  cover  of  the  anterior  fold  of  the  axilla.  The  third  portion  of  the  artery  can 
be  felt  puls».ting  beneath  the  skin  and  fascia,  at  the  i* unction  of  the  anterior  with  the  middle 
third  of  the  space  between  the  anterior  and  posterior  folds  of  the  axilla,  close  to  the  inner  border 
of  the  Coraco-brachialis. 

Surgical  Anatomy. — ^The  student,  having  carefully  examined  the  relations  bf  the  axillary 
artery  in  its  various  parts,  should  now  consider  in  what  situation  compression  of  this  ve^el 
may  be  most  easily  effected,  and  the  best  position  for  the  application  of  a  ligature  to  it  when 
necessary. 

Compression  of  the  vessel  may  be  required  in  the  removal  of  tumors  or  in  amputation  of 
the  upper  part  of  the  arm ;  and  the  only  situation  in  which  this  can  be  effectually  made  is  in  the 
lower  part  of  its  course ;  by  pressing  on  it  in  this  situation  from  within  outward  against  the 
humerus  the  circulation  may  oe  effectually  arrested. 

The  axillary  artery  is  perhaps  more  frequently  lacerated  than  any  other  artery  in  the  body, 
with  the  exception  of  the  popliteal,  by  violent  moveoients  of  the  upper  extremity,  especially  m 
those  cases  where  its  coats  are  diseased.  It  has  occasionally  been  ruptured  in  attempts  to  reduce 
old  dislocations  of  the  shoulder-joint.  This  lesion  is  most  likely  to  occur  during  the  preliminary 
breaking  down  of  adhesions,  in  consequence  of  the  artery  having  contracted  adhesions  to  the 
capsule  of  the  joint.  Aneurism  of  the  axillary  artery  is  of  freauent  occurrence,  a  large  percentage 
of  the  cases  bieing  traumatic  in  their  origin,  due  to  the  violence  to  which  it  is  exposed  in  the 
varied,  extensive,  and  otlen  violent  movement  of  the  limb. 

The  application  of  a  ligatore  to  the  axillary  artery  may  be  required  in  cases  of 
anearism  of  the  upper  part  of  the  brachial  or  as  a  distal  operation  for  aneurism  of  the  sub- 
clavian ;  and  there  are  only  two  situations  in  which  it  can  be  secured — viz.  in  the  first  and  in  the 
third  parts  of  its  course ;  for  the  axillary  artery  at  its  central  part  is  so  deeply  seated,  and,  at  the 
same  time,  so  closely  surrounded  with  large  nervous  trunks,  tnat  the  application  of  a  ligature  to 
it  in  that  situation  would  be  almost  impracticable. 

In  the  third  part  of  its  course  the  operation  is  most  simple,  and  may  be  performed  in  the 
following  manner:  The  patient  being  placed  on  a  bed  and  the  arm  separated  from  the  side,  with 
the  hand  supinated,  an  mcision  is  made  through  the  integument  forming  the  floor  of  the  axilla 
about  two  inches  in  length,  a  little  nearer  to  the  anterior  than  the  posterior  fold  of  the  axilla. 
After  carefully  dissecting  through  the  areolar  tissue  and  fascia,  the  median  nerve  and  axillary 
vein  are  exposed ;  the  former  having  been  displaced  to  the  outer  and  the  latter  to  the  inner  side 
of  the  arm,  the  elbow  being  at  the  same  time  bent,  so  as  to  relax  the  structures  and  facilitate 
their  separation,  the  ligature  may  be  passed  round  the  artery  irom  the  ulnar  to  the  radial  side. 
This  portion  of  the  artery  is  occasionally  crossed  by  a  muscular  slip  derived  irom  the  Latissimus 
dorsi,  which  may  mislead  the  surgeon  during  an  operation.  The  occasional  existence  of  this 
muscular  fasciculus  was  spoken  of  m  the  description  of  the  muscles.  It  may  easily  be  recognized 
by  the  transverse  direction  of  its  fibres. 

The  first  portion  of  the  axillary  artery  may  be  tied  in  cases  of  aneurism  encroaching  so  far 
ui)ward  that  a  ligature  cannot  be  applied  in  the  lower  part  of  its  course.  Notwithstanding  that 
this  operation  has  been  performed  in  some  few  cases,  and  with  success,  its  performance  is 
attended  with  much  difficulty  and  danger.  The  student  will  remark  that  in  this  situation  it 
would  be  necessary  to  divide  a  thick  muscle,  and,  after  separating  the  costo-coracoid  membrane, 
the  artery  would  be  exposed  at  the  bottom  of  a  more  or  less  deep  space,  with  the  cephalic  and 
axillary  veins  in  such  relation  with  it  as  must  render  the  application  of  a  ligature  to  this  part 
of  the  vessel  particularly  hazardous.  Under  such  circumstances  it  is  an  easier,  and  at  the 
same  time  more  advisable,  operation  to  tie  the  subclavian  arter>'  in  the  third  part  of  its  course. 

The  vessel  can  be  best  secured  by  a  curved  incision  with  the  convexity  downward  from  a 
point  half  an  inch  external  to  the  Stemo-clavicular  joint  to  a  point  half  an  inch  internal  to  the 
coracotd  process.  The  limb  is  to  be  well  abducted  and  the  head  inclined  to  the  opposite  side, 
and  this  incision  carried  through  the  superficial  structures,  care  being  taken  of  the  cephalic  vein 
at  the  outer  angle  of  the  incision.  The  clavicular  origin  of  the  Pectoralis  major  is  then  divided 
in  the  whole  extent  of  the  wound.  The  arm  is  now  to  be  brought  to  the  side,  and  the  upper 
edge  of  the  Pectoralis  minor  defined  and  drawn  downward.  The  costo-coracoid  membrane  is  to 
be  carefully  torn  through  with  a  director  close  to  the  coracoid  process,  and  the  axillar}'  sheath 
exposed ;  this  is  to  be  opened  with  especial  care  on  account  of  tne  vein  overlapping  the  artery. 
The  needle  should  be  passed  from  below,  so  as  to  avoid  wounding  the  vein. 

In  a  case  of  wound  of  the  vessel  the  general  practice  of  cutting  down  upon,  and  tying  it 
above  and  below  the  wounded  point  should  be  adopted  in  all  cases. 

Collateral  Circulation  after  Ligature  of  the  Axillary  Artery.— If  the  artery  be  tied 
above  the  origin  of  the  acromial  thoracic,  the  collateral  circulation  will  be  carried  on  by  the  same 
branches  as  after  the  ligature  of  the  subclavian ;  if  at  a  lower  point,  between  the  acromial 
thoracic  and  subscapular  arteries,  the  latter  vessel,  by  its  free  anastomoses  with  the  other 
scapular  arteries,  branches  of  the  subclavian,  will  beconae  the  chief  agent  in  carrying  on  the  cir- 
culation, to  which  the  long  thoracic,  if  it  be  below  the  ligature,  will  materially  contribute  by  its 
anastomoses  with  the  intercostal  and  internal  mammary  arteries.  If  the  point  included  in  the 
li^ture  be  below  the  origin  of  the  subscapular  artery,  it  will  most  probably  also  be  below  the 
origins  of  the  two  circumflex  arteries.    The  chief  agents  in  restoring  the  circulation  will  then  be 
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the  subscapular  and  the  two  circumflex  arteries  anastomosjniD:  with  the  superior  profunda  from 
the  brachial,  which  will  be  afterward  referred  to  as  performing  the  same  office  after  ligature  of 
the  brachial.  The  cases  in  which  the  operation  has  been  performed  are  few  in  number,  and  no 
published  account  of  dissection  of  the  collateral  circulation  appears  to  exist 

Branches  of  the  Axillary  Artery. 

The  branches  of  the  axillary  artery  are — 

TIT         ^    .         .  ( Superior  Thoracic.  it  j        *  f  Lone  Thoracic. 

From  first  part  |  ^c^^ial  Thoracic.         ^'"'^  "''^  P""^  \  Alar  Thorucic. 

(  Subscapular. 
From  third  part  <.  Anterior  Circumflex. 

(Posterior  Circumflex. 

The  superior  thoracic  is  a  small  artery  which  arises  from  the  axillary  sepa- 
rately or  by  a  common  trunk  with  the  acromial  thoracic.  Running  forward  and 
inward  along  the  upper  border  of  the  Pectoralis  minor,  it  passes  between  it  and  the 
Pectoralis  major  to  the  side  of  the  chest.  It  supplies  these  muscles  and  the  parietes 
of  the  thorax,  anastomosing  with  the  internal  mammary  and  intercostal  arteries. 

The  acromial  thoracic  is  a  short  trunk  which  arises  from  the  fore  part  of  the 
axillary  artery.  Projecting  forward  to  the  upper  border  of  the  Pectoralis  minor, 
it  divides  into  three  sets  of  branches — thoracic^  acromial^  and  descendhig.  The 
thoracic  branches^  two  or  three  in  number,  are  distributed  to  the  Serratus  magnus 
and  Pectoral  muscles,  anastomosing  with  the  intercostal  branches  of  the  internal 
mammary.  The  acromial  branches  are  directed  outward  toward  the  acromion, 
supplying  the  Deltoid  muscle,  and  anastomosing,  on  the  surface  of  the  acromion, 
with  the  suprascapular  and  posterior  circumflex  arteries.  The  descending  branch 
passes  in  the  space  between  the  Pectoralis  major  and  Deltoid  in  the  same  groove 
as  the  cephalic  vein,  and  supplies  both  muscles.  The  artery  also  gives  off  a  very 
small  branch,  the  clavicular^  which  passes  upward  to  the  Subclavius  muscle. 

The  long  thoracic  passes  downward  and  inward  along  the  lower  border  of 
the  Pectoralis  minor  to  the  side  of  the  chest,  supplying  the  Serratus  magnus,  the 
Pectoral  muscles,  and  mammary  gland,  and  sending  branches  across  the  axilla  to 
the  axillary  glands  and  Subscapularis ;  it  anastomoses  with  the  internal  mammary 
and  intercostal  arteries. 

The  alar  thoracic  is  a  small  branch  which  supplies  the  glands  and  areolar 
tissue  of  the  axilla.  Its  place  is  frequently  supplied  by  branches  from  some  of  the 
other  thoracic  arteries. 

The  subscapular,  the  largest  branch  of  the  axillary  artery,  arises  opposite  the 
lower  border  of  the  Subscapularis  muscle,  and  passes  downward  and  backward 
along  its  lower  margin  to  the  inferior  angle  of  the  scapula,  where  it  anastomoses 
with  the  long  thoracic  and  intercostal  arteries  and  with  the  posterior  scapular,  a 
branch  of  the  transversalis  colli,  from  the  thyroid  axis  of  the  subclavian.  About 
an  inch  and  a  half  from  its  origin  it  gives  off  a  large  branch,  the  dorsalis  scapulcp, 
and  terminates  by  supplying  branches  to  the  muscles  in  the  neighborhood. 

The  dorsalis  scapula  is  given  off  from  the  subscapular  about  an  inch  from  its 
origin,  and  is  generally  larger  than  the  continuation  of  the  vessel.  It  curves  round 
the  axillary  border  of  the  scapula,  leaving  the  axilla  through  the  space  between 
the  Teres  minor  above,  the  Teres  major  below,  and  the  long  head  of  the  Triceps 
externally  (Fig.  361),  and  enters  the  infraspinous  fossa,  where  it  anastomoses  with 
the  posterior  scapular  and  suprascapular  arteries.  In  its  course  it  gives  oflT  two 
sets  of  branches :  one  enters  the  subscapular  fossa  beneath  the  Subscapularis, 
which  it  supplies,  anastomosing  with  the  posterior  scapular  and  suprascapular 
arteries ;  the  other  is  continued  along  the  axillary  border  of  the  scapula,  between 
the  Teres  major  and  minor,  and,  at  the  dorsal  surface  of  the  inferior  angle  of  the 
bone,  anastomoses  with  the  posterior  scapular.  In  addition  to  these,  small  branches 
are  distributed  to  the  back  part  of  the  Deltoid  muscle  and  the  long  head  of  the 
Triceps,  anastomosing  with  an  ascending  branch  of  the  superior  profunda  of  the 
brachial. 
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The  drcmnflex  arteries  wind  round  the  neck  of  the  humerus.  The  posterior 
eireumflex  (Fig.  361),  the  larger  of  the  two,  arises  from  the  back  part  of  the  axillary 
opposite  the  lower  border  of  the  Subscapularis  muscle,  and,  passing  backward  with 
the  circumflex  veins  and  nerve  through  the  quadrangular  space  bounded  by  the 
Teres  major  and  minor,  the  scapular  head  of  the  Triceps  and  the  humerus,  winds 
round  the  neck  of  that  bone  and  is  distributed  to  the  Deltoid  muscle  and  shoulder- 
joint,  anastomosing  with  the  anterior  circumflex  and  acromial  thoracic  arteries,  and 
with  the  superior  profunda  branch  of  the  brachial  artery.  The  anterior  circumflex 
(Figs.  361,  362),  considerably  smaller  than  the  preceding,  arises  just  below  that 
vessel  from  the  outer  side  of  the  axillary  artery.  It  passes  horizontally  outward 
beneath  the  Coraco-brachialis  and  short  head  of  the  Biceps,  lying  upon  the  fore  part 
of  the  neck  of  the  humerus,  and,  on  reaching  the  bicipital  groove,  gives  off*  an 
ascending  branch  which  passes  upward  along  the  groove  to  supply  the  head  of  the 
bone  and  the  shoulder-joint.  The  trunk  of  the  vessel  is  then  continued  outward 
beneath  the  Deltoid,  which  it  supplies,  and  anastomoses  with  the  posterior  circum- 
flex artery. 

THE  BRACHIAL  ABTEBY  (Fig.  363). 

The  Brachial  Artery  commences  at  the  lower  margin  of  the  tendon  of  the  Teres 
major,  and,  passing  down  the  inner  and  anterior  aspect  of  the  arm,  terminates  about 
half  an  inch  below  the  bend  of  the  elbow,  where  it  divides  into  the  radial  and 
ulnar  arteries. 

Plan  of  the  Relations  op  the  Brachial  Artery. 

In  front. 

Integument  and  fasciae. 

Bicipital  fascia,  median  basilic  vein. 

Median  nerve. 

Outer  side,  /  \  Inner  side. 

Median  nerve  (above).  [      Brochiai     j        Internal  cutaneous  and  ulnar  nerve. 

Coraco-brachialis.  V      Artery,     j        Median  nerve  (below). 

Biceps.  \  /         Basilic  vein. 

^-^ ^.^ 

Behind, 

Triceps. 

Musculo-spiral  nerve. 
Superior  profunda  arteiy. 
Coraco-brachialis. 
Brachialis  anticus. 

Belations. — This  artery  is  superficial  throughout  its  entire  extent,  being  covered, 
in  front,  by  the  integument,  the  superficial  and  deep  fascia;  the  bicipital  fascia 
separates  it  opposite  the  elbow  from  the  median  basilic  vein  ;  the  median  nerve 
crosses  it  at  its  middle.  Behind,  it  is  separated  from  the  inner  side  of  the 
humerus,  above,  by  the  long  and  inner  heads  of  the  Triceps,  the  musculo-spiral 
nerve  and  superior  profunda  artery  intervening,  and  from  the  front  of  the  bone, 
below,  bv  the  insertion  of  the  Coraco-brachialis  muscle  and  bv  the  Brachialis 
anticus.  Bv  its  outer  side  it  is  in  relation  with  the  commencement  of  the 
median  nerve  and  the  Coraco-brachialis  and  Biceps  muscles,  which  slightly 
overlap  the  artery.  By  its  inner  side  its  upper  half  is  in  relation  with  the  inter- 
nal cutaneous  and  ulnar  nerves,  its  lower  half  with  the  median  nerve.  The 
basilic  vein  lies  on  the  inner  side  of  the  artery,  but  is  separated  from  it  in  the 
lower  part  of  the  arm  by  the  deep  fascia.  It  is  accompanied  by  two  venae  comites, 
which  lie  in  close  contact  with  the  artery,  being  connected  together  at  inter- 
vals by  short  transverse  communicating  branches. 

SURGICAL  ANATOMY  OF  THE  BEND  OF  THE  ELBOW. 

At  the  bend  of  the  elbow  the  brachial  artery  sinks  deeply  into  a  trian- 
gular interval,   the   base    of  which   is   directed   upward   toward  the   humerus, 
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and  the  sldea  of  which  are  bounded,  externally,  by  the  Supinator  longus; 
interQally,  by  the  Pronator  radii  teres;  its  floor" is  formed  by  the  Bracbialis 
anticus  and  Supinator  brevia.  This 
space  contains  the  brachial  artery,  with 
ita  accompanying  veins,  the  radial  and 
ulnar  arteries,  the  median  and  musculo- 
apiral  nerves,  and  the  tendon  of  the 
Biceps.  The  brachial  artery  occupies 
the  middle  line  of  this  space,  and  divides 
opposite  the  neck  of  the  radius  into  the 
radial  and  ulnar  arteries ;  it  is  covered, 
infrovt,  by  the  integument,  the  super- 
ficial fascia,  and  ihe  median  basilic  vein, 
(  the   vein   being  separated    from    direct 

«  contact  with  the  artery  by  the  bicipital 

fascia.  Behind,  it  lies  on  the  Brachialis 
i**^  anticus,  which  separates  it  from  the 
"^^  elbow-joint.  The  median  nerve  lies  on 
I  the  inner  side  of  the  artery,  close  to 

*■  it  above,  but  separated  from  it  below 
by  the  coronoid  head  of  the  Pronator 
radii  teres.  The  tendon  of  the  Biceps 
lies  to  the  outer  .^ide  of  the  .lipace,  and 
the  musculo-spiral  nerve  still  more  ex- 
ternally, Iving  upon  the  Supinator 
'•  brevis  and  partly  concealed  by  the 
Supinator  longus. 

Pecnliarities  of  the  Brachial  Arter;  aa 
regards  its  Course. —The  btachiiil  aner>-,  ac- 
companied by  the  median  nerve,  may  leave  the 
ij^  inner  border  of  the  Biceps,  and  deacend  toward 
the  inner  condyle  of  the  humerus,  where  it 
usually  curves  round  a  prominence  of  bone,  to 
which  it  is  connected  by  a  fibrous  band ;  it  then 
inclines  outward,  beneath  or  through  the  sub- 
stance of  the  Pronator  radii  teres  muscle,  to 
the  bend  of  the  elbow.  Tlie  variation  bears 
considerable  analogy  with  the  normal  condition 
of  the  artery  in  some  of  the  caniivora :  it  has 
been  referred  to  above  in  the  description  of 
the  humerus  (pa^e  252), 

As  regards  its  Division.— OooiKionally, 

the  artery  is  divided  for  a  short  distance  at 

j  ita   upper   part   into   two   trunks,    which    are 

'  united  above  and  below.     A  similar  peculiarity 

Fio.  U3.— The  lurglcal  aDatomy  of  the  bntchiftl  arterr.      occun<  in  the  main  vestal  of  the  lower  limb. 

The  point  of  bifurcation  may  be  above  or 
below  the  usual  point,  the  former  condition  being  by  iar  the  more  trequent.  Out  of  481  exam- 
inations recortleil  by  Mr.  Qnnin,  »ome  made  on  Uie  niiht  and  some  on  the  left  side  of  the  body, 
in  3S(i  ihe  artery  bifurcated  in  its  normal  position.  In  one  case  only  was  the  place  of  division 
lower  than  usual,  being  two  or  three  inches  below  the  elbow-joint.  "In  94  cases  out  of  481,  or 
about  I  in  5i,  there  were  two  arteries  instead  of  one  in  some  part  or  in  the  whole  of  the  arm." 

There  apjiears,  however,  to  be  no  correspondence  between  the  arteries  of  the  two  anus  with 
respect  to  ihetr  irregular  division ;  for  in  61  oodies  it  occurred  on  one  aide  only  in  4Z ;  on  both 
sides,  in  different  positions,  in  13;  on  both  sides,  in  the  same  position,  in  5, 

The  point  of  bifurcation  takes  place  at  different  parts  of  the  arm,  being  most  frequent  in  (he 
upper  part,  less  so  in  the  lower  part,  and  least  so  in  the  middle,  the  most  usual  point  for  the 
application  of  a  ligature :  under  any  of  these  circumstances  two  large  arteries  would  be  found  in 
the  anu  instead  of  one.  The  moat  frequent  (in  three  out  of  four]  of  these  peculiariti«»  is  the 
high  division  of  the  radial.  That  artery  often  arises  from  the  inner  side  oi  the  brachial,  and 
runs  parallel  with  the  main  trunk  to  the  elbow,  where  it  crosses  it,  lying  beneath  the  faada ;  orit 
maj' perforate  the  fascia  and  pass  over  the  arterj'  inimediately  beneath  the  integument 

The  ulnar  sometimes  arises  from  tjie  brachial  high  up.  and  I  lien  occasionally  leaves  that  ves- 
sel at  (he  lower  part  of  the  arm,  and  descends  toward  the  inner  condyle.     In  the  forearm  it  gen- 
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erally  lies  beneath  the  deep  fascia,  superficial  to  the  flexor  muscles ;  occasionally  between  the 
integument  and  deep  fascia,  and  veiy  rarely  beneath  the  flexor  muscles. 

The  interosseous  arteiy  sometimes  arises  from  the  upper  part  of  the  brachial  or  axillary ;  as 
it  passes  down  the  arm  it  lies  behind  the  main  trunk,  and  at  the  bend  of  the  elbow  regains  its  usual 
position. 

In  some  cases  of  high  division  of  the  radial  the  remaining  trunk  (ulnar  interosseous)  occa- 
sionally passes,  together  with  the  median  nerve,  along  the  inner  margin  of  the  arm  to  the  inner 
condyle,  and  then  passing  from  within  outward,  beneath  or  through  the  Pronator  radii  teres, 
regains  its  usual  position  at  the  bend  of  the  elbow. 

Occasionally  tlie  two  arteries  representing  the  brachial  are  connected  at  the  bend  of  the 
elbow  by  a  short  transverse  branch,  and  are  even  sometimes  reunited. 

Sometimes,  long  slender  vessels,  vasa  aherrantia^  connect  the  brachial  or  axillary  arteries 
with  one  of  the  arteries  of  the  forearm  or  a  branch  from  them.  These  vessels  usually  join  the 
radial. 

Varieties  in  Mnscular  Belations.* — ^The  brachisJ  arteiy  is  occasionally  concealed  in  some 

Sirt  of  its  course  by  muscular  or  tendinous  slips  derived  from  the  Coraco-brachialis,  Biceps, 
raehialis  anticus  and  Pronator  radii  teres  muscles. 

Surface  Marking. — The  direction  of  the  brachial  artery  is  marked,  when  the  arm  is 
extended  and  supinated,  by  a  line  drawn  from  the  junction  of  the  anterior  and  middle  third  of 
the  space  between  the  anterior  and  posterior  folds  of  the  axilla ;  that  is  to  say  from  the  inner 
side  of  the  prominence  of  the  Coraco-brachialis  muscle  to  the  point  midway  between  the  condyles 
of  the  humerus  which  corresponds  to  the  depression  along  the  inner  border  of  the  Coraco-bra- 
chialis and  Biceps.  In  the  upper  part  of  its  course  the  artery  lies  internal  to  the  humerus,  but 
below  it  is  in  front  of  that  Done. 

Siirgical  Anatomy. — Compression  of  the  brachial  artery  is  required  in  cases  of  amputation 
and  some  other  operations  in  the  arm  and  forearm  ;  and  it  will  beobsen-ed  that  it  may  be  effected 
in  abuost  any  part  of  the  course  of  the  artery.  If  pressure  is  made  in  the  upper  part  of  the 
limb,  it  should  be  directed  from  within  outward ;  and  if  in  the  lower  part,  from  before  backward, 
as  the  artery  lies  on  the  inner  side  of  the  humerus  above  and  in  front  below.  The  most  favor- 
able situation  is  about  the  middle  of  the  arm,  where  it  lies  on  the  tendon  of  the  Coraco-brachialis 
on  the  inner  flat  side  of  the  humerus. 

The  application  of  a  ligature  to  the  brachial  artery  may  be  reauired  in  case  of  wound  of 
the  vessel  and  in  some  cases  of  wound  of  the  palmar  arch.  It  is  aiso  sometimes  necessary  in 
cases  of  aneurism  of  the  brachial,  the  radial,  ulnar,  or  interosseous  arteries.  The  artery  may 
be  'secured  in  any  part  of  its  course.  The  chief  guides  in  determining  its  position  are  the  sur- 
face markings  produced  by  the  inner  margin  of  the  Coraco-brachialis  ana  Biceps,  the  known 
course  of  the  vessel,  and  its  pulsation,  which  should  be  carefully  felt  for  before  any  operation  is 
performed,  as  the  vessel  occasionally  deviates  from  its  usual  position  in  the  arm.  In  whatever 
situation  the  operation  is  performea,  great  care  is  necessary,  on  account  of  the  extreme  thinness 
of  the  parts  covering  the  artery  and  the  intimate  connection  which  the  vessel  has  throughout  its 
whole  course  with  important  nerves  and  veins.  Sometimes  a  thin  layer  of  muscular  fibre  is 
met  with  concealing  tne  artery ;  if  such  is  the  case,  it  must  be  cut  across  in  order  to  expose  the 
vessel. 

In  the  upper  third  of  the  arm  the  artery  may  be  exposed  in  the  following  manner :  The 
patient  being  placed  horizontally  upon  a  table,  the  affected  limb  should  be  raised  from  the  side 
and  the  hand  supinated.  An  incision  about  two  inches  in  length  should  be  made  on  the  inner 
side  of  the  Coraco-brachialis  muscle,  and  the  subjacent  fascia  cautiously  divided,  so  as  to  avoid 
wounding  the  internal  cutaneous  nerve  or  basilic  vein,  which  sometimes  runs  on  the  surface  of 
the  artery  as  high  as  the  axUla.  The  fascia  having  been  divided,  it  should  be  remembered  that 
the  ulnar  and  internal  cutaneous  nerves  lie  on  the  inner  side  of  the  artery,  the  median  on  the 
outer  side,  the  latter  nerve  being  occasionally  superficial  to  the  arteiy  in  this  situation,  and  that 
the  venae  comites  arc  also  in  relation  with  the  vessel,  one  on  either  side.  These  being  carefully 
separated,  the  aneurism  needle  should  be  passed  round  the  artery  from  the  inner  to  the  outer 
siae. 

If  two  arteries  are  present  in  the  arm  in  consequence  of  a  high  division,  they  are  usually 
placed  side  by  side :  and  if  they  are  exposed  in  an  operation,  the  surgeon  should  endeavor  to 
ascertain,  by  alternately  pressing  on  each  vessel,  which  of  the  two  communicates  with  the  wound 
or  aneurism,  when  a  ligature  may  be  applied  accordingly ;  or  if  pulsation  or  haemorrhage  ceases 
only  when  both  vessels  are  compressed,  both  vessels  may  be  tied,  as  it  may  be  concluded  that 
the  two  communicate  above  the  seat  of  disease  or  are  reunited. 

It  should  also  be  remembered  that  two  arteries  may  be  present  in  the  arm  in  a  case  of  high 
division,  and  that  one  of  these  may  be  found  along  the  inner  intermuscular  septum,  in  a  line 
toward  the  inner  condj'le  of  the  humerus,  or  in  the  usual  position  of  the  brachial,  but  deeply 
placed  beneath  the  common  trunk :  a  knowledge  of  these  facts  will  suggest  the  precautions 
necessarj'  in  every  case,  and  indicate  the  measures  to  be  adopted  when  anomalies  are  met 
with. 

In  the  middle  of  the  arm  the  brachial  artery  may  be  exposed  by  making  an  incision  along 
the  inner  margin  of  the  Biceps  muscle.  The  forearm  being  bent  so  as  to  relax  the  muscle,  it 
should  be  drawn  slightly  aside,  and,  the  fascia  being  carefully  divided,  the  median  nerve  will  be 

*  See  Struther's  Anatomical  and  Physiological  ObsenxUions. 
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exposed  lying  upon  the  artery  (sometimes  beneath) ;  this  being  drawn  inward  and  the  muscle 
outward,  the  artery  should  be  separated  from  its  accompanying  veins  and  secured.  In  this 
situation  the  inferior  profunda  may  be  mistaken  for  the  main  trunk,  especially  if  enlarged,  from 
the  collateral  circulation  having  become  established ;  this  mav  be  avoided  by  directing  the  incis- 
ion externally  toward  the  Biceps,  rather  than  inward  or  backward  toward  the  Triceps. 

The  lower  part  of  the  brachial  artery  is  of  interest  in  a  surgical  point  of  view,  on  account 
of  the  relation  which  it  bears  to  the  veins  most  commonly  opened  in  venesection.  Of  these 
vessels,  the  median  basilic  is  the  largest  and  most  prominent,  and,  consequently,  the  one  usually 
selected  for  the  operation.  It  should  be  remembered  that  this  vein  runs  parallel  with  the 
brachial  artery,  from  which  it  is  separated  by  the  bicipital  fascia,  and  that  care  should  be  taken 
in  opening  the  vein  not  to  carry  the  incision  too  deeply,  so  as  to  endanger  the  artery. 

Collateral  Circulation. — After  the  api:)lieation  of  a  ligature  to  the  brachial  artery  in  the 
upper  third  of  the  arm,  the  circulation  is  carried  on  by  branches  from  the  circumflex  and 
subscapular  arteries,  anastomosing  with  ascending  branches  from  the  superior  profimda.  If  the 
brachial  is  tied  bdow  the  origin  of  the  profunda  arteries,  the  circulation  is  maintained  by  the 
branches  of  the  profunda^,  anastomosing  with  the  recurrent  radial,  ulnar,  and  interosseous 
arteries.  In  two  cases  described  by  Mr.  South,*  in  which  the  brachial  artery  had  been  tied  some 
time  previously,  in  one  '"a  long  portion  of  the  artery  had  been  obliterated,  and  sets  of  vessels 
are  descending  on  either  side  from  above  the  obliteration,  to  be  received  into  others  which  ascend 
in  a  similar  manner  from  below  it.  In  the  other  the  obliteration  is  less  extensive,  and  a  single 
cun^ed  artery  about  as  big  as  a  crow-quill  passes  from  the  upper  to  the  lower  open  part  of  the 
artery. ' ' 

The  branches  of  the  brachial  artery  are — the 

Superior  Profunda.  Inferior  Profunda. 

Nutrient.  Anastomotica  Magna. 

Muscular. 

The  superior  profimda  arises  from  the  inner  and  back  part  of  the  brachial,  just 
below  the  lower  border  of  the  Teres  major,  and  passes  backward  to  the  interval 
between  the  outer  and  inner  heads  of  the  Triceps  muscle,  accompanied  by  the 
musculo-spiral  nerve ;  it  winds  round  the  back  part  of  the  shaft  of  the  humerus 
in  the  spiral  groove,  between  the  Triceps  and  the  bone,  to  the  outer  side  of  the 
humerus  just  above  the  external  condyle,  where  it  divides  into  two  terminal 
branches.  One  of  these  pierces  the  external  intermuscular  septum,  and  descends 
to  the  space  between  the  Brachialis  anticus  and  Supinator  longus,  where  it  anasto- 
moses with  the  recurrent  branch  of  the  radial  artery  ;  while  the  other,  the  posterior 
articular^  descends  along  the  back  of  the  external  intermuscular  septum  to  the 
back  part  of  the  elbow-joint,  where  it  anastomoses  with  the  posterior  interosseous 
recurrent,  and  across  the  back  of  the  humerus  with  the  posterior  ulnar  recurrent, 
the  anastomotica  magna,  and  inferior  profunda  (Fig.  366).  The  superior  profunda 
supplies  the  Triceps  muscle  and  gives  off  a  nutrient  artery  to  the  upper  end  of  the 
humerus.  Near  its  commencement  it  sends  off  a  branch  which  passes  upward 
between  the  external  and  long  heads  of  the  Triceps  muscle  to  anastomose  with 
the  posterior  circumflex  artery,  and,  while  in  the  groove,  a  small  branch  which 
accompanies  a  branch  of  the  musculo-spiral  nerve  through  the  substance  of  the 
Triceps  muscle  and  ends  in  the  Anconeus  below  the  outer  condyle  of  the 
humerus. 

The  nutrient  artery  of  the  shaft  of  the  humerus  arises  from  the  brachial,  about 
the  middle  of  the  arm.  Passing  downward  it  enters  the  nutrient  canal  of  that 
bone  near  the  insertion  of  the  Coraco-brachialis  muscle. 

The  inferior  proftinda,  of  small  size,  arises  from  the  brachial,  a  little  below  the 
middle  of  the  arm ;  piercing  the  internal  intermuscular  septum,  it  descends  on  the 
surface  of  the  inner  head  of  the  Triceps  muscle  to  the  space  between  the  inner 
condyle  and  olecranon,  accomj)anied  by  the  ulnar  nerve,  and  terminates  by  anasto* 
mosing  with  the  posterior  ulnar  recurrent  and  anastomotica  magna.  It  also 
supplies  a  branch  to  the  front  of  the  internal  condyle,  which  anastomoses  with  the 
anterior  ulnar  recurrent. 

The  anastomotica  magna  arises  from  the  brachial  about  two  inches  above  the 

*  Chelius's  Surgery^  vol.  ii.  p.  254.  See  also  White's  engraving,  referred  to  by  Mr.  Souths  of  the 
anastomosing  branches  after  ligature  of  the  brachial,  in  White's  Cases  in  Surgery.  Porta  also  gives  a 
case  (with  drawings)  of  the  circulation  after  ligature  of  both  brachial  and  radial  {Alteranani 
PcUoligiche  delle  ArUrie). 
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elbow-joiDt.  It  passes  transversely  inward  upon  the  Brachialis  anticus,  and,  piercing 
the  internal  intermuscular  septum,  winds  round  the  back  part  of  the  humerus 
between  the  Triceps  and  the  bone,  forming  an  arch  above  the  olecranon  fossa  by  its 
junction  with  the  posterior  articular  branch  of  the  superior  profunda.  As  this  vessel 
lies  on  the  Brachialis  anticus,  branches  ascend  to  join  the  inferior  profunda,  and 
others  descend  in  front  of  the  inner  condyle  to  anastomose  with  the  anterior  ulnar 
recurrent.  Behind  the  internal  condyle  an  offset  is  given  off  which  anastomoses 
with  the  inferior  profunda  and  posterior  ulnar  recurrent  arteries  and  supplies  the 
Triceps. 

The  muBcnlar  are  three  or  four  large  branches,  which  are  distributed  to  the 
muscles  in  the  course  of  the  artery.  They  supply  the  Coraco-brachialis,  Biceps, 
and  Brachialis  anticus  muscles. 

The  Anastomosis  aronnd  the  Elbow-joint  (Fig.  366). — The  vessels  engaged  in 
this  anastomosis  may  be  conveniently  divided  into  those  situated  in  front  and 
behind  the  internal  and  external  condyles.  The  branches  anastomosing  in  front 
of  the  internal  condyle  are  the  anastomotica  magna,  the  anterior  ulnar  recurrent, 
and  the  anterior  terminal  branch  of  the  inferior  profunda.  Those  behind  the  internal 
condyle  are  the  anastomotica  magna,  the  posterior  ulnar  recurrent,  and  the 
posterior  terminal  branch  of  the  inferior  profunda.  The  branches  anastomosing  in 
front  of  the  external  condyle  are  the  radial  recurrent  and  one  of  the  terminal 
branches  of  the  superior  profunda.  Those  behind  the  external  condyle  (perhaps 
more  properly  described  as  being  situated  between  the  external  condyle  and  the 
olecranon)  are  the  anastomotica  magna,  the  interosseous  recurrent,  and  one  of 
the  terminal  branches  of  the  superior  profunda.  There  is  also  a  large  arch  of 
anastomosis  above  the  olecranon,  formed  by  the  interosseous  recurrent,  joining  with 
the  anastomotica  magna  and  posterior  ulnar  recurrent  (Fig.  366). 

From  this  description  it  will  be  observed  that  the  anastomotica  magna  is  the 
vessel  most  engaged,  the  only  part  of  the  anastomosis  in  which  it  is  not  employed 
being  that  in  front  of  the  external  condyle. 

Radial  Artery. 

The  Badial  Artery  appears,  from  its  direction,  to  be  the  continuation  of  the 
brachial,  but  in  size  it  is  smaller  than  the  ulnar.  It  commences  at  the  bifurca- 
tion of  the  brachial,  just  below  the  bend  of  the  elbow,  and  passes  along  the  radial 
side  of  the  forearm  to  the  wrist ;  it  then  winds  backward,  round  the  outer  side 
of  the  carpus,  beneath  the  extensor  tendons  of  the  thumb,  and,  finally,  passes 
forward,  between  the  two  heads  of  the  First  dorsal  interosseous  muscle,  into  the 
palm  of  the  hand,  where  it  crosses  the  metacarpal  bones  to  the  ulnar  border  of  the 
hand,  to  form  the  deep  palmar  arch.  At  its  termination  it  inosculates  with  the 
deep  branch  of  the  ulnar  artery.  The  relations  of  this  vessel  may  thus  be  con- 
veniently divided  into  three  parts — viz.  in  the  forearm,  at  the  back  of  the  wrist, 
and  in  the  hand. 

Belations. — In  the  forearm  this  vessel  extends  from  opposite  the  neck  of  the 
radius  to  the  fore  part  of  the  styloid  process,  being  placed  to  the  inner  side  of  the 
shaft  of  the  bone  above  and  in  front  of  it  below.  It  is  superficial  throughout  its 
entire  extent,  being  covered  by  the  integument,  the  superficial  and  deep  fasciae, 
and  slightly  overlapped  above  by  the  Supinator  longus.  In  its  course  downward 
it  lies  upon  the  tendon  of  the  Biceps,  the  Supinator  brevis,  the  radial  origin  of  the 
Flexor  sublimis  digitorum,  the  Pronator  radii  teres,  the  Flexor  longus  pollicis,  the 
Pronator  quadratus,  and  the  lower  extremity  of  the  radius.  In  the  upper  third 
of  its  course  it  lies  between  the  Supinator  longus  and  the  Pronator  radii  teres ; 
in  its  lower  two-thirds,  between  the  tendons  of  the  Supinator  longus  and  the 
Flexor  carpi  radialis.  The  radial  nerve  lies  along  the  outer  side  of  the  artery 
in  the  middle  third  of  its  course,  and  some  filaments  of  the  musculo-cutaneous 
nerve,  after  piercing  the  deep  fascia,  run  along  the  lower  part  of  the  artery  as  it 
winds  round  the  wrist.  The  vessel  is  accompanied  by  venae  comites  throughout  its 
whole  course. 
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Plan  of  the  Relations  of  the  Radial  Artery  in  the  Forearm. 

In  front. 

Skin,  superficial  and  deep  fasciae. 
Supinator  longus. 

Inner  side.  j  \  Outer  side. 

Pronator  radii  teres.  tn  rbrwrnT  Supinator  longus. 

Flexor  carpi  radialis.  \  '  I  Radial  nerve  (middle  third). 

Behind. 

Tendon  of  Biceps. 
Supinator  breyis. 
Flexor  sublimis  digitorum. 
Pronator  radii  teres. 
Flexor  longus  pollicis. 
Pronator  quadratus. 
Radius. 

At  the  wrist,  as  it  winds  round  the  outer  side  of  the  carpus  from  the  styloid 
process  to  the  first  interosseous  space,  it  lies  upon  the  external  lateral  ligament, 
and  then  upon  the  scaphoid  bone  and  trapezium,  being  covered  by  the  extensor 
tendons  of  the  thumb,  subcutaneous  veins,  some  filaments  of  the  radial  nerve,  and 
the  integument.  It  is  accompanied  by  two  veins  and  a  filament  of  the  musculo- 
cutaneous nerve. 

In  the  hand  it  passes  from  the  upper  end  of  the  first  interosseous  space, 
between  the  heads  of  the  Abductor  indicis  or  First  dorsal  interosseous  muscle, 
transversely  across  the  palm,  to  the  base  of  the  metacarpal  bone  of  the  little 
finger,  where  it  inosculates  with  the  communicating  branch  from  the  ulnar  artery, 
forming  the  deep  palmar  arch.  It  lies  upon  the  carpal  extremities  of  the  metacarpal 
bones  and  the  Interossei  muscles,  being  covered  by  the  Adductor  obliquus  pollicis, 
the  flexor  tendons  of  the  fingers,  the  Lumbricales,  the  Opponens,  and  Flexor 
brevis  minimi  digiti.  Alongside  of  it  is  the  deep  branch  of  the  ulnar  nerve,  but 
running  in  the  opposite  direction ;  that  is  to  say,  from  w  ithin  outward. 

Peculiarities. — ^The  origin  of  the  radial  arteiy,  according  to  Quain,  is,  in  nearly  one  case 
in  eight,  higher  than  usual ;  more  frequently  arising  from  the  axillary  or  upper  part  of  the 
brachial  than  from  the  lower  part  of  this  vessel.  The  variations  in  the  position  of  this  vessel 
in  the  arm  and  at  the  bend  of  the  elbow  have  been  already  mentioned.  In  the  forearm  it 
deviates  less  frequently  from  its  position  than  the  ulnar.  It  ha.s  been  found  lying  over  the  fascia 
instead  of  beneath  it.  It  has  also  been  observed  on  the  surface  of  the  Supinator  longus,  instead 
of  along  its  inner  border ;  and  in  turning  round  the  wrist  it  has  been  seen  lying  over,  instead  of 
beneath,  the  extensor  tendons. 

Surface  Marking. — The  position  of  the  radial  artery  in  the  forearm  is  renresented  by  a 
line  drawn  from  the  outer  border  of  the  tendon  of  the  Biceps  in  the  centre  of  the  hollow  in  front 
of  the  elbow-joint  with  a  straight  course  to  the  inner  side  of  the  fore  part  of  the  styloid  process 
of  the  radius. 

Surgical  Anatomy. — ^The  radial  artery  is  much  exposed  to  injurj'  in  its  lower  third,  and  is 
frequently  wounded  by  the  hand  being  driven  through  a  pane  of  ^lass,  by  the  slipping  of  a 
knife  or  chisel  held  in  the  other  hand,  and  such-like  accidents.  The  iiyury  is  oflen  followed  by 
a  traumatic  aneurism,  for  which  the  old  operation  of  laying  open  the  sac  and  securing  the  vessel 
above  and  below  is  required. 

The  oijeration  of  tying  the  radial  artery  is  required  in  cases  of  wounds  either  of  its  trunk  or 
of  some  of  its  branches,  or  for  aneurism ;  and  it  will  be  observed  that  the  vessel  may  be  exposed 
in  any  part  of  its  course  through  the  forearm  without  the  division  of  any  muscular  fibres.  The 
operation  in  the  middle  or  inferior  third  of  the  foreann  is  easily  performed,  but  in  the  upper 
third,  near  the  elbow,  it  is  attended  with  some  difl&culty,  from  the  greater  depth  of  the  vessel 
and  from  its  being  overlapped  by  the  Sui)inator  longus  muscle. 

To  tie  the  artery  in  the  upper  third  an  incision  three  inches  in  length  should  be  made 
through  the  integument,  in  a  line  drawn  from  the  centre  of  the  bend  of  the  elbow  to  the  front 
of  the  styloid  process  of  the  radius,  avoiding  the  branches  of  the  median  vein ;  the  fascia  of 
the  arm  being  divided  and  the  Supinator  longus  drawn  a  little  outward,  the  arter>'  will  be 
exposed.  The  vena?  comites  should  be  carefully  separated  from  the  vessel,  and  the  ligature 
p£U>sed  from  the  radial  to  the  ulnar  side. 

In  the  middle  third  of  the  forearm  the  artery  may  be  exposed  by  making  an  incision  of 
similar  length  on  the  inner  margin  of  the  Supinator  longus.     In  this  situation  the  radial  nerve 
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Iks  in  close  relation  witb  the  outer  side  of  the  artery,  and  should,  as  well  as  the  v. 
fully  avoided. 

md  Flexor  carpi  radialis 


In  the  lower  third  the  artery  is  easily  secured  by  dividiDg  the  integument  and  fascia  ii 
■al  between  the  tendons  of  the  Su- 


The  branches  of  the  radial  ar- 
tery may  be  divided  into  three 
groups,  correaponding  with  the 
three  regions  in  which  the  vessel  is 
situated. 

i  Radial  Recurrent. 
Muscular. 
Anterior  Carpal. 
Superficial  is  Volie. 
Posterior  Carpal.  ^<^^ 

Metacarpal. 
Dorsales  Pollicis. 
Dorsalis  Indicis. 
Princeps  Pollicis. 
Radialis  Indicis. 
.. ,   Perforating. 

Interosseous. 
1^  Palmar  Recurrent. 

The  radial  recnrrent  is  gives 

off  immediately  below  the  elbow. 
It  aaceadfi  between  the  branches 
of  the  musculo-spiral  nerve  lying 
on  the  Supinator  brevis,  and  then 
Wtween  the  Supinator  longus  and 
firaehialis  anticus,  supplying  these 
muscles  and  the  elbow-joint,  and 
anastomosing  with  one  of  the  ter- 
minal branches  of  the  superior 
profunda. 

The  mujicnlar  branches  are  dis- 
tributed to  the  muscles  on  the  ra- 
dial side  of  the  forearm.  , 

The  anterior  carpal  is  a  small 
vessel  which  arises  from  the  radial 
artery  near  the  lower  border  of  the 
Pronator  quadratus,  and,  running 
inward  in  front  of  the  radius,  an- 
astomoses with  the  anterior  carpal 
branch  of  the  ulnar  artery.  From 
the  arch  thus  formed  branches  de- 
scend to  supply  the  articulations 
of  the  wrist. 

The  superflcialis  Tola  arises 
from  the  radial  artery,  just  where 
this  vessel  is  about  to  wind  round 
the  wrist.  Running  forward,  it 
passes  between  the  muscles  of  the 
thumb,  which  it  supplies,  and  some- 
times anastomoses  with  the  palmar  Fra.  B«4.-The  aurglcal  Roalomy  of  the  radial  and 

portion  of  the  ulnar  artery,  com-    '    ''^*- 

pleting  the  superficial   palmar   arch.     This  vessel  varies   considerably  in   : 
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usually  it  is  very  small,  and  terminatea  in  the  muscles  of  the  thumb ;  sometimes 
it  is  &s  large  as  the  continuation  of  the  radial. 

The  posterior  carpal  ia  a  small  vessel  which  arises  from   the  radial'  artery 
beneath  the  extensor  tendons  of 
the   thumb;    crossing   the   carpus 
<«  transversely  to  the   inner  border 

of  the  hand,  it  anastomoses  with 
the  posterior  carpal  branch  of  the 
ulnar,  forming  the  posterior  carpal 
arch,  which  is  joined  by  the  termi- 
nation of  the  posterior  interosseous 
artery.  From  this  arch  are  given 
off  descending  branches,  the  dorsal 
re,  ^"""^      interosseous  arteries  for  the   third 

Hiiior     and    fourth    interosseous    spaces, 
'^-  which  run  forward  on  the   Third 

and  Fourth  dorsal  interossci  mtis- 
Ait  cles  and  divide  into  dorsal  digital 

branches  which  supply  the  adjacent 
sides  of  the  middle,  ring,  and  little 
fingers  respectively,  communica- 
ting with  the  digital  arteries  of 
the  superficial  palmar  arch.  At 
their  origin  they  anastomose  with 
the  perforating  branches  from  the 
deep  palmar  arch. 

The  metacarpal  (first  dorsal 
interoBBeouB  branch)  arises  beneath 
the  extensor  tendons  of  the  thumb, 
sometimes  with  the  posterior  carpal 
artery;  running  forward  od  the 
Second  dorsal  interosseous  muscle, 
it  communicates,  behind,  with  the 
A*  a.  corresponding  perforating  branch 

**  of  the  deep  palmar  arch ;  and  in 

front  it   divides   into   two   dorsal 
f  digital  branches,  which  supply  the 

adjoining  sides  of  the  index  and 
middle  fingers,  inosculating  with 
the  digital  branch  of  the  super- 
ficial palmar  arch. 

The  dorsalea  pollicis  are  two 
small  vessels  which  run  along  the 
sides  of  the  dorsal  aspect  of  the 
thumb.  They  arise  separately,  or 
occasionally  by  a  common  trunk. 
Fig.  3c5.-['iiisr  and  radial  amfiBs,   Deep  view.  "^ar  the  base  of  the  first  metacar- 

pal bone. 
The    dorsalifl    indicia,   also    a   small    branch,    runs    along    the    radial   side 
of  the   back    of    the   index   finger,  sending   a  few   branches   to   the   Abductor 
in  die  is. 

The  princeps  pollicii  arises  from  the  radial  just  as  it  turns  inward  to  the  deep 
part  of  the  hand ;  it  descends  between  the  Abductor  indicis  and  Adductor 
obliquus  pollicis,  then  between  the  Adductor  transversus  pollicis  and  Adductor 
obliquus  pollicis.  along  the  ulnar  side  of  the  metacarpal  bone  of  the  thumb,  to  the 
base  of  the  first  phalanx,  where  it  divides  into  two  branches,  which  run  along  the 
sides  of  the  palmar  aspect  of  the  thumb  and  form  an  arch  on  the  under  surface 
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of  the  last  phalanx,  from  which  branches  are  distributed  to  the  integument  and 
pulp  of  the  thumb. 

The  radialis  indicis  arises  close  to  the  preceding,  descends  between  the 
Abductor  indicis  and  Adductor  transversus  poUicis,  and  runs  along  the  radial 
side  of  the  index  finger  to  its  extremity,  where  it  anastomoses  with  the  collateral 
digital  artery  from  the  superficial  palmar  arch.  At  the  lower  border  of  the 
Adductor  transversus  poUicis  this  vessel  anastomoses  with  the  princeps  pollicis, 
and  gives  a  communicating  branch  to  the  superficial  palmar  arch. 

The  perforatiiiig  arteries,  three  in  number,  pass  backward  between  the  heads 
of  the  last  three  Dorsal  interossei  muscles,  to  inosculate  with  the  dorsal  inter- 
osseous arteries. 

The  palmar  interosseous,  three  or  four  in  number,  are  branches  of  the  deep 
palmar  arch ;  they  run  forward  upon  the  Interossei  muscles,  and  anastomose  at 
the  clefts  of  the  fingers  with  the  digital  branches  of  the  superficial  arch. 

The  palmar  recurrent  branches  arise  from  the  concavity  of  the  deep  palmar 
arch.  They  pass  upward  in  front  of  the  wrist,  supplying  the  carpal  articulations 
and  anastomosing  with  the  anterior  carpal  arch. 

Xnnar  Artery. 

The  Ulnar  Artery,  the  larger  of  the  two  terminal  branches  of  the  brachial, 
commences  a  little  below  the  bend  of  the  elbow,  and  crosses  obliquely  the  inner 
side  of  the  forearm,  to  the  commencement  of  its  lower  half;  it  then  runs  along  its 
ulnar  border  to  the  wrist,  crosses  the  annular  ligament  on  the  radial  side  of  the 
pisiform  bone,  and  immediately  beyond  this  bone  divides  into  two  branches, 
superficial  and  deep  palmar. 

Relations  in  the  Forearm. — In  its  upper  half  it  is  deeply  seated,  being  covered 
by  all  the  superficial  flexor  muscles,  excepting  the  Flexor  carpi  ulnaris ;  it  is 
crossed  by  the  median  nerve,  which  lies  to  its  inner  side  for  about  an  inch,  and 
it  lies  upon  the  Brachialis  anticus  and  Flexor  profundus  digitorum  muscles.  In 
the  lower  half  of  the  forearm  it  lies  upon  the  Flexor  profundus,  being  covered 
bv  the  integument,  the  superficial  and  deep  fasciae,  and  is  placed  between  the 
Flexor  carpi  ulnaris  and  Flexor  sublimis  digitorum  muscles.  It  is  accompanied 
bv  two  venae  comites ;  the  ulnar  nerve  lies  on  its  inner  side  for  the  low  er  two- 
thirds  of  its  extent,  and  a  small  branch  from  the  nerve  descends  on  the  lower  part 
of  the  vessel  to  the  palm  of  the  hand. 

Plan  of  Relations  of  the  Ulnar  Artery  in  the  Forearm. 

In  frani. 

Superficial  layer  of  flexor  muscles.  |  Tj^x^vg-  kolf 
Median  nerve.  )     *^*^         ' 

Superficial  and  deep  fascise.  Lower  half. 


Inn^  side, 

urpt  ulnarif 
Ulnar  nerve  (lower  two-thirds). 


Outer  side. 
fc„*fi:?i  n"i"t™;„„>l,i«,,^  ^^^  Flexor  sublimis  digitorum. 


Behind. 

Brachialis  anticus. 

Flexor  profundus  digitorum. 

At  the  wrist  (Fig.  864)  the  ulnar  artery  is  covered  by  the  integument  and 
fascia,  and  lies  upon  the  anterior  annular  ligament.  On  its  inner  side  is  the 
pisiform  bone.  The  ulnar  nerve  lies  at  the  inner  side,  and  somewhat  behind  the 
artery. 

Peculiarities. — ^The  ulnar  artery  has  been  found  to  vary  in  its  origin  nearly  in  the  propor- 
tion of  one  in  thirteen  cases,  in  one  case  arising  lower  than  usual,  about  two  or  three  inches 
below  the  elbow,  and  in  all  other  cases  much  higher,  the  brachial  being  a  more  frequent  source 
of  oiigin  than  the  axillary. 
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Variations  in  the  position  of  this  vessel  are  more  frequent  than  in  the  radial.  When  its 
origin  is  normal  the  course  of  the  vessel  is  rarely  changed.  When  it  arises  high  up  it  is  almost 
invariably  superficial  to  the  flexor  muscles  in  the  forearm,  lying  commonly  beneath  the  fascia, 
more  rarely  ^tween  the  fascia  and  integument.  In  a  few  cases  its  position  was  subcutaneous 
in  the  upper  part  of  the  forearm,  subaponeurotic  in  the  lower  part. 

Sunace  Marking.— On  account  of  the  curved  direction  of  ttie  ulnar  artery  the  tine  on  the  sur- 
face of  the  body  which  indicates  its  course  is  somewhat  comi)licated.  First,  draw  a  line  fVom  the 
firont  of  the  internal  condyle  of  the  humerus  to  the  radial  side  of  the  pisiform  bone  ;  the  lower 
two-thirds  of  this  line  represents  the  course  of  the  middle  and  lower  third  of  the  ulnar  arter\*. 
Secondly,  draw  a  tine  from  the  centre  of  the  hollow  in  front  of  the  elbow-joint  to  the  iunction  of  the 
upper  and  middle  third  of  the  first  line ;  this  represents  the  course  of  the  upper  third  of  the  arteo'- 

Surgical  Anatomy.— jThe  application  ot  a  ligature  to  this  vessel  is  required  in  cases  of 
wound  of  the  artery  or  of  its  branches,  or  in  conse(|uence  of  aneurism.  In  the  upper  half  of 
the  forearm  the  artery  is  deeply  seated  beneath  the  superficial  flexor  muscles,  and  the  applica- 
tion of  a  tigaturc  in  this  situation  is  attended  with  some  difiiculty.  An  incision  is  to  be  made 
in  the  course  of  a  line  drawn  from  the  front  of  the  internal  condyle  of  the  humerus  to  the  outer 
side  of  the  pisiform  bone,  so  that  the  centre  of  the  incision  is  three  fingers'  breadth  below  the 
internal  condyle.  The  skin  and  superficial  fascia  having  been  divided  and  the  deep  fascia 
exposed,  the  white  line  which  separates  the  Flexor  carpi  ulnaris  frt)m  the  other  flexor  muscles 
is  to  be  sought  for,  and  the  fascia  incised  in  this  tine.  The  Flexor  carpi  ulnaris  is  now  to  be 
carefully  separated  from  the  other  muscles,  when  the  ulnar  nerve  will  be  exposed,  and  must  be 
drawn  aside.  Some  little  distance  below  the  ner\'e  the  artery  will  be  found  accompanied  by  its 
venae  comites,  and  may  be  ligatured  by  passing  the  needle  from  within  outward.  In  the  middle 
and  lower  third  of  the  forearm  this  vessel  may  be  easily  secured  by  making  an  incision  on  the 
radial  side  of  the  tendon  of  the  Flexor  carpi  ulnaris  :  the  deep  fascna  beintr  divided,  and  the 
Flexor  carpi  ulnaris  and  its  companion  muscle,  the  Flexor  sublimis,  being  separated  from  each 
other,  the  vessel  will  be  exposed,  accompanied  by  its  venae  comites,  the  ulnar  nerve  lying  on  its 
inner  side.  The  veins  being  separated  from  the  artery,  the  tigature  should  be  passed  from  the 
ulnar  to  the  radial  side,  taking  care  to  avoid  the  ulnar  nerve. 

The  branches  of  the  ulnar  artery  may  be  arranged  in  the  following  groups : 

^Anterior  Ulnar  Recurrent. 

Posterior  Ulnar  Recurrent. 

Forearm.      <  t  *  f  Anterior  Interosseous. 

»  Interosseous     s  t>    .     •      t  * 

\  rosterior  Interosseous. 

^  Muscular. 
Txr_'«*  f  Anterior  Carpal. 

!  Posterior  Carpal. 
Superficial  Palmar  Arch. 
Deep  Palmar  or  Communicating. 

The  anterior  ulnar  recurrent  (Fig.  365)  arises  immediately  below  the  elbow- 
joint,  passes  upward  and  inward  between  the  Brachialis  anticus  and  Pronator 
radii  teres,  supplies  those  muscles,  and,  in  front  of  the  inner  condyle,  anastomoses 
with  the  anastomotica  magna  and  inferior  profunda. 

The  posterior  ulnar  recurrent  is  much  larger,  and  arises  somewhat  lower  than 
the  preceding.  It  passes  backward  and  inward,  beneath  the  Flexor  sublimis, 
and  ascends  behind  the  inner  condyle  of  the  humerus.  In  the  interval  between 
this  process  and  the  olecranon  it  lies  beneath  the  Flexor  carpi  ulnaris,  ascend- 
ing between  the  heads  of  that  muscle,  beneath  the  ulnar  nerve ;  it  supplies  the 
neighboring  muscles  and  joint,  and  anastomoses  with  the  inferior  profunda,  anas- 
tomotica magna,  and  interosseous  recurrent  arteries  (Fig.  366). 

The  interosseous  artery  (Fig.  365)  is  a  short  trunk  about  an  inch  in  length, 
and  of  considerable  size,  which  arises  immediately  below  the  tuberosity  of  the 
radius,  and,  passing  backward  to  the  upper  border  of  the  interosseous  membrane, 
divides  into  two  branches,  the  anterior  and  posterior  inter oatBeoun. 

The  anterior  interosseous  passes  down  the  forearm  on  the  anterior  surface  of 
the  interosseous  membrane,  to  which  it  is  connected  by  a  thin  aponeurotic  arch. 
It  is  accompanied  by  the  interosseous  branch  of  the  median  nerve,  and  overlapped 
by  the  contiguous  margins  of  the  Flexor  profundus  digitorum  and  Flexor  longus 
pollicis  muscles,  giving  oif  in  this  situation  muscular  branches  and  the  nutrient 
arteries  of  the  radius  and  ulna.  At  the  upper  border  of  the  Pronator  quadratus 
a  branch  descends  beneath  the  muscle  to  anastomose  in  front  of  the  carpus  with 
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branches  from  the  anterior  carpal  and  deep  palmar  arf^b.  The  continuation  of 
the  artery  passes  behind  the  Pronator  quadratus,  and,  piercing  the  interosseous 
membrane,  gets  to  the  back  of  the  forearm,  and  anastoiuoses  with  the  posterior 
interosseous  artery  (Fig.  366).  It  then  descends  to  tue  back  of  the  wrist  to  join  the 
[josterior    carpal    arch.      The 

anterior  interosseous  gives  off  "* 

ii  long,  slender  branch,  the 
mediaa  artery,  ivhich  accom- 
panies the  median  nerve  and 
f'vci*  offsets  to  its  substance, 
his  artery  is  sometimes  much  ■*'^„"" 
enlarged.  It  also  gives  off 
nutrient  branches  to  the  radius  n,rf„,„  „,„, 
and  ulna  about  the  middle  of 
the  forearm. 

The  posterior  Interosse- 
001  artery  passes  backward 
through  the  interval  between 
the  oblique  ligament  and  the 
upper  border  of  the  interoe- 
seouB  membrane.  It  appears 
between  the  contiguous  bor- 
ders of  the  Supinator  brevis 
and  tbe  Extensor  ossis  meta- 
carpi  pollicis,  and  runs  down 
ihe  back  part  of  the  forearm, 
her  ween  the  superficial  and 
deep  layer  of  muscles,  to 
both  of  which  it  distributes 
branches.  At  the  lower  part 
of  the  forearm  it  anastom:>3CS 
with  tbe  termination  of  the 
anterior  interosseous  artery. 
Then,  continuing  its  course 
over  the  head  of  the  ulna,  it 
joins  the  posterior  carpal 
branch  of  the  ulnar  artery. 
This  artery  gives  off,  near  its 
origin,  the  intero»»eou»  recur- 
rent branch. 

The  interosseotis  recnrrent 
artery  is  a  large  vessel  which 
aaeends  to  the  interval  be- 
tween   the    external    condyle 

and  olecranon,  on  or  through  jiri^ 

[he  fibres  of  the  Supinator 
brevis,  but  beneath  the  Anco- 
neus, anastomosing  with  a 
branch  from  the  superior  pro- 
funda, and  with  the  posterior  / 
ulnar    recurrent    and     anas-            „    „,  ,     ,,...,.,  ^r- . 

Fia.  3%.— Arlvrleg  of  the  back  of  tli«  farearm  and  baud. 

lomotica  magna. 

Tbe  moscnlar  brandies  are  distributed  to  tbe  muscles  along  tbe  ulnar  side  of 
the  forearm. 

The  anterior  carpal  is  a  small  vessel  which  crosses  the  front  of  the  carpus 
beneath  the  tendons  of  the  Flexor  profundus,  and  inosculates  with  a  correspond- 
ing branch  of  the  radial  artery. 
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The  posterior  carpal  arises  immediately  above  the  pisiform  bone,  and  winds 
backward  beneath  the  tendon  of  the  Flexor  carpi  ulnaris :  it  passes  across  the 
dorsal  surface  of  the  carpus  beneath  the  extensor  tendons,  anastomosing  with  a 
corresponding  branch  of  the  radial  artery,  and  forming  the  posterior  carpal  arch. 
Immediately  after  its  origin  it  gives  off  a  small  branch  which  runs  along  the 
ulnar  side  of  the  meta.carpal  bone  of  the  little  finger,  forming  one  of  the  meta- 
carpal arteries,  and  supplies  the  ulnar  side  of  the  dorsal  surface  of  the  little 
finger. 

The  deep  palmar  or  communicating  branch  (Fig.  365)  passes  deeply  inward 
between  the  Abductor  minimi  digiti  and  Flexor  brevis  minimi  digiti  near  their 
origins ;  it  anastomoses  with  the  termination  of  the  radial  artery,  completing  the 
deep  palmar  arch. 

The  Superficial  Palmar  Arch. — The  superficial  palmar  arch  passes  outward 
across  the  palm  of  the  hand,  describing  a  curve,  with  its  convexity  forward  to  the 
space  between  the  ball  of  the  thumb  and  the  index  finger,  where  the  arch  is  com- 
pleted by  its  anastomosing  with  a  branch  from  the  radialis  indicis,  though  some- 
times the  arch  is  completed  .by  its  anastomosing  with  the  superficialis  volae 
branch  of  the  radial  artery. 

Relations. — The  superficial  palmar  arch  is  covered  by  the  skin,  the  Palmaris 
brevis,  and  the  palmar  fascia.  It  lies  upon  the  annular  ligament,  origin  of  the 
muscles  of  the  little  finger,  the  tendons  of  the  superficial  flexor  of  the  fingers, 
and,  the  divisions  of  the  median  and  ulnar  nerves. 

Relations  of  the  Superficial  Palmar  Arch. 

In  front. 

Skin. 

Palmaris  brevis. 

Palmar  fascia 


Behind. 

Annular  ligament. 

Origin  of  muscles  of  little  finger. 

Sui>erficial  flexor  tendons. 

Divisions  of  median  and  ulnar  nerves. 

Branches  of  the  Superficial  Palmar  Arch. 

Digital. 

The  digital  branches  (Fig.  364),  four  in  number,  are  given  off  from  the  con- 
vexity of  the  superficial  palmar  arch.  They  supply  the  ulnar  side  of  the  little 
finger  and  the  adjoining  sides  of  the  little,  ring,  middle,  and  index  fingers,  the 
radial  side  of  the  index  finger  and  thumb  being  supplied  from  the  radial  artery. 
The  digital  arteries  at  first  lie  superficial  to  the  flexor  tendons,  but  as  they  pass 
forward  with  the  digital  nerves  to  the  clefts  between  the  fingers  they  lie  between 
them,  and  are  there  joined  by  the  interosseous  branches  from  the  deep  palmar 
arch.  The  digital  arteries  on  the  sides  of  the  fingers  lie  beneath  the  digital 
nerves;  and  about  the  middle  of  the  last  phalanx  the  two  branches  for  each 
finger  form  an  arch,  from  the  convexity  of  which  branches  pass  to  supply  the 
pulp  of  the  finger. 

Surfeice  Marking. — The  superficial  palmar  arch  is  represented  by  a  curved  line,  starting 
from  the  outer  side  of  the  pisiform  bone  and  carried  downward  as  far  as  the  middle  third  of 
the  palm,  and  then  curved  outward  on  a  level  with  the  upper  end  of  the  cleft  between  the 
thumb  and  index  finger. 

The  deep  palmar  arch  is  situated  about  half  an  inch  nearer  to  the  carpus. 
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Surgical  Anatomy. — Wounds  of  the  palmar  arches  are  of  special  interest,  and  are  always 
difficult  to  deal  with.  When  the  wound  in  the  superficial  tissues  is  extensive,  it  may  he  possible 
to  secure  the  bleeding  ends  of  the  vessel ;  but  when  there  is  a  small  punctured  wound,  as  from 
a  penknife  or  piece  of  glass,  pressure  systematically  applied  is  probably  the  best  course  of  treat- 
ment, as  there  is  difficulty  in  reaching  the 'wounded  vessel  without  damaging  important  struc- 
tures. At  the  same  time  it  must  be  admitted  that  pressure  applied  to  the  psum  of  the  hand  to 
arrest  hfemorrhage  from  a  wound  of  one  of  the  palmar  arches,  especially  the  deep  arch,  is  apt 
to  be  followed  by  sloughing,  owing  to  the  rigidity  of  the  parts  and  the  facility  with  which  a  con- 
siderable amount  of  pressure  can  be  applied.  In  wounds  of  the  deep  palmar  arch  a  ligature 
may  be  applied  to  the  bleeding  points  from  the  dorsum  of  the  hand  oy  resection  of  the  upper 
part  of  the  third  metacarpal  bone.  It  is  useless  in  these  cases  to  ligature  one  of  the  arteries  of 
the  forearm  alone,  and  indeed  simultaneous  ligature  of  both  radial  and  ulnar  arteries  above  the 
wrist  is  often  unsuccessful,  on  account  of  the  anastomosis  carried  on  by  the  carpal  arches. 
Therefore,  upon  the  failure  of  pressure  to  arrest  hsBmorrhage  it  is  expedient  to  apply  a  liga- 
tore  to  the  brachial  artery. 

THE  DESCENDma  AORTA. 

ARTERIES  OF  THE  TRUNK. 

The  Descending  Aorta  is  divided  into  two  portions,  the  thoracic  and  abdominal, 
in  correspondence  with  the  two  great  cavities  of  the  trunk  in  which  it  is  situated. 

THE  THORACIC  AORTA. 

The  Thoracic  Aorta  commences  at  the  lower  border  of  the  fourth  dorsal  ver- 
tebra, on  the  left  side,  and  terminates  at  the  aortic  opening  in  the  Diaphragm,  in 
front  of  the  last  dorsal  vertebra.  At  its  commencement  it  is  situated  on  the  left 
side  of  the  spine ;  it  approaches  the  median  line  as  it  descends,  and  at  its  termina- 
tion lies  directly  in  front  of  the  column.  The  direction  of  this  vessel  being  influ- 
enced by  the  spine,  upon  which  it  rests,  it  describes  a  curve  which  is  concave  forward 
in  the  dorsal  region.  As  the  branches  given  off  from  it  are  small,  the  diminution 
in  the  size  of  the  vessel  is  inconsiderable.  It  is  contained  in  the  back  part  of  the 
posterior  mediastinum. 

Belations. — It  is  in  relation,  in  front,  from  above  downward,  with  the  left  pul- 
monary artery,  the  left  bronchus,  the  pericardium,  and  the  oesophagus ;  behind, 
with  the  vertebral  column  and  the  vena  azygos  minor ;  on  the  right  side,  with  the 
vena  azygps  major  and  thoracic  duct ;  on  the  left  side,  with  the  left  pleura  and 
lung,  ihe  oesophagus,  with  its  accompanying  nerves,  lies  on  the  right  side  of  the 
aorta  above,  but  at  the  lower  part  of  the  thorax  it  gets  in  front  of  the  aorta,  and 
close  to  the  Diaphragm  is  situated  to  its  left  side. 

Plan  of  the  Relations  of  the  Thoracic  Aorta. 

In  front 

Left  pulmonary  artery. 
Left  bronchus. 


Pericardium. 
(Esophagus. 


Right  side. 

(Esophagus  (above). 
Vena  azygos  mt^jor. 
Thoracic  duct. 


Thoracic 
Aorta. 


Leftside. 

Pleura. 
Left  lung. 
(Esophagus  (below). 


Behind. 

Vertebral  column. 
Vena  azygos  minor. 

The  aorta  is  occasionally  found  to  be  obliterated  at  a  particular  spot — viz.  at  the  junction  of 
the  arch  with  the  thoracic  aorta,  just  below  the  ductus  arteriosus.  Whether  this  is  the  result  of 
disease  or  of  congenital  malformation  is  immaterial  to  our  present  purpose ;  it  affords  an  interest- 
inir  opportunity  of  observing  the  resources  of  the  collateral  circulation.  The  course  of  the  anas- 
tomosing vessels,  by  which  the  blood  is  brought  from  the  upper  to  the  lower  part  of  the  arteiy, 
will  be  found  well  described  in  an  account  of  two  cases  in  the  Pathologiail  Transactions,  yoX^.  viii. 
and  X.    In  the  former  (p.  162)  Mr.  Sydney  Jones  thus  sums  up  the  detailed  description  of  the 
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anastomosing  vessels :  ''  The  principal  communications  by  which  the  circulation  was  carried  on, 
were — Firstly,  the  internal  mammary,  anastomosing  with  the  intercostal  arteries,  with  the  phrenic 
of  the  abdominal  aorta  by  means  oi  the  musculophrenic  and  comes  nervi  phrenici,  and  largely 
with  the  deep  epigastric.  Secondly,  the  superior  intercostal,  anastomosing  anteriorly  by  means 
of  a  large  branch  with  the  first  aortic  intercostal,  and'  posteriorly  with  the  posterior  branch  of  the 
same  artery.  Thirdly,  the  inferior  thyroid,  by  means  of  a  branch  about  the  size  of  an  ordinarjr 
radial,  formed  a  communication  with  the  first  aortic  intercostal.  Fourthly,  the  transversalis  colh, 
by  means  of  very  large  communications  with  the  i)osterior  branches  of  the  intercostals.  Fifthly, 
the  branches  (of  the  subclavian  and  axillar}')  going  to  the  side  of  the  chest  were  large,  and 
anastomosed  freely  with  the  lateral  branches  of  the  intercostals.'*  In  the  second  case  also  (vol 
X.  p.  97)  Mr.  Wood  describes  the  anastomoses  in  a  somewhat  similar  manner,  adding  the  remark 
that  '^  the  blood  which  was  brought  into  the  aorta  through  the  anastomoses  of  the  intercostal 
arteries  appeared  to  be  expended  principally  in  supplying  tne  abdomen  and  pelvis,  while  the  sup- 
ply to  the  lower  extremities  had  passed  through  tne  mternal  mammary  and  epigastrics." 

Surgical  Anatomy.— The  student  should  now  consider  the  effects  likely  to  be  produced  by 
aneurism  of  the  thoracic  aorta,  a  disease  of  common  occurrence.  When  we  consider  the  great 
depth  of  the  vessel  from  the  surfac^  and  the  number  of  important  structures  which  surround  it 
on  every  side,  it  may  easily  be  conceived  what  a  variety  of  obscure  symptoms  may  arise  from  dis- 
ease of  this  part  of  the  arterial  system,  and  how  they  may  be  liable  to  be  mistaken  for  those  of 
other  affections.  Aneurism  of  the  thoracic  aorta  most  usually  extends  backward  along  the  left 
side  of  the  spine,  producing  absorption  of  the  bodies  of  the  vertebrae,  with  curvature  of  the  spine ; 
whilst  the  irritation  or  pressure  on  the  cord  will  give  rise  to  pain,  either  in  the  chest,  back,  or 
loins,  with  radiating  pain  in  the  left  upper  intercostal  spaces,  from  pressure  on  the  intercostal 
nenes ;  at  the  same  time  the  tumor  may  project  backward  on  each  side  of  the  spine,  beneath  the 
'  integument,  as  a  pulsating  swelling,  simulatmg  abscess  connected  with  diseased  bone,  or  it  may 
displace  the  oesophagus  and  compress  the  lung  on  one  or  the  other  side.  If  the  tumor  extend 
forward,  it  may  press  upon  and  displace  the  heart,  giving  rise  to  palpitation  and  other  symptoms 
of  disease  of  that  organ ;  or  it  may  displace,  or  even  compress,  the  oesophagus,  causing  pain  and 
difficulty  of  swallowing,  as  in  stricture  of  that  tube ;  and  ultimately  even  open  into  it  oy  ulcera- 
tion, producing  fatal  haemorrhage.  If  the  disease  extends  to  the  right  side,  it  may  press  upon 
the  thoracic  duct ;  or  it  may  burst  into  the  pleural  cavity  or  into  the  trachea  or  lung ;  and  lastly, 
it  may  open  into  the  posterior  mediastinum. 

Branches  of  the  Thoracic  Aorta. 

Pericardiac.  (Esophageal. 

Bronchial.  Posterior  Mediastinal. 

Intercostal. 

The  pericardiac  are  a  few  small  vessels,  irregular  in  their  origin,  distributed  to 
the  pericardium. 

The  bronchial  arteries  are  the  nutrient  vessels  of  the  lungs,  and  vary  in  num- 
ber, size,  and  origin.  That  of  the  right  side  arises  from  the  first  aortic  intercostal, 
or  by  a  common  trunk  with  the  left  bronchial  from  the  front  of  the  thoracic  aorta. 
Those  of  the  left  side,  usually  two  in  number,  arise  from  the  thoracic  aorta,  one  a 
little  lower  than  the  other.  Each  vessel  is  directed  to  the  back  part  of  the  corre- 
sponding bronchus  along  which  it  runs,  dividing  and  subdividing  upon  the  bron- 
chial tube,  supplying  them,  the  cellular  tissue  of  the  lungs,  the  bronchial  glands, 
and  the  oesophagus. 

The  OBSophageal  arteries,  usually  four  or  five  in  number,  arise  from  the  front 
of  the  aorta,  and  pass  obliquely  downward  to  the  oesophagus,  forming  a  chain  of 
anastomoses  along  that  tube,  anastomosing  with  the  oesophageal  branches  of  the 
inferior  thyroid  arteries  above,  and  with  ascending  branches  from  the  phrenic  and 
gastric  arteries  below. 

The  posterior  mediastinal  arteries  are  numerous  small  vessels  which  supply  the 
glands  and  loose  areolar  tissue  in  the  mediastinum. 

The  Intercostal  arteries  arise  from  the  back  part  of  the  aorta.  They  are  usu- 
ally eleven  in  number  on  each  side,  the  superior  intercostal  space  being  supplied 
by  the  superior  intercostal,  a  branch  of  the  subclavian,  and  the  second  intercostal 
space  being  supplied  by  a  branch  from  the  superior  intercostal  joining  with  the  first 
aortic  intercostal.  The  lowest  of  these  branches,  the  subcostal  artery^  underlies 
the  last  rib.  The  right  intercostals  are  longer  than  the  left,  on  account  of  the 
position  of  the  aorta  on  the  left  side  of  the  spine :  they  pass  outward,  across  the 
bodies  of  the  vertebrae,  to  the  intercostal  spaces,  being  covered  by  the  pleura,  the 
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(Esophaeus,  thoracic  duct,  gympatbetic  nerve,  and  the  vena  azygoa  major ;  the  left 
passing  oeoeath  the  superior  intercostal  vein,  the  vena  azygoa  minor,  and  sympa- 
thetic. In  the  intercoBtal  spaces  each  artery  divides  into  two  branches — an  ante- 
rior, or  proper  intercostal  branch ;  and  a  posterior,  or  dorsal  branch.' 

The  anterior  brancli  parses  outward,  at  first  lying  upon  the  External  inter- 


PlO,  S87.— The  abdominal  aorta  and  IM  branches. 

coBlal  muscle,  covered  in  front  by  the  pleura  and  a  thin  fascia.  It  then  passes 
between  the  two  layers  of  Intercostal  muscles,  and,  having  ascended  obliquely  to 
the  lower  border  of  the  rib  above,  divides,  near  the  angle  of  that  bone,  into  two 
branches :  of  these  the  larger  runs  in  the  groove  on  the  lower  border  of  the  rib 
sbove;  the  smaller  branch  along  the  upper  border  of  the  rib  below;  passing 

'  Mr.  W.  J.  Walsham  describes  a  small  Iwig  iis  being  given  off  from  each  inlercostal  close  to  its 
origin.  He  states  thai  they  can  be  traced  running  between  the  neck  of  the  rib  and  the  transver* 
procEMof  the  corresponding  vertebra;  they  anaslomose  with  similar  twigs  given  olT  from  the  inter- 
MUl  arter;  next  below.  In  the  first  and  sei'Ond  spncos  similar  anastomosing  twif,'s  are  given  ofi'  from 
U>e  nperior  intercostal  (Journal  of  Analomy  and  Fhysiotogy,  vol.  zvi.  part  iii.  p.  443;. 
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forward,  they  supply  the  Intercostal  muscle,  and  anastomose  with  the  anterior 
intercostal  branches  of  the  internal  mammary,  and  with  the  thoracic  branches  of 
the  axillary  artery.  The  first  aortic  intercostal  anastomoses  with  the  superior 
intercostal,  and  the  last  three  pass  between  the  abdominal  muscles,  inosculating 
with  the  epigastric  in  front  and  with  the  phrenic  and  lumbar  arteries.  Each 
intercostal  artery  is  accompanied  by  a  vein  and  nerve,  the  former  being  above, 
and  the  latter  below,  except  in  the  upper  intercostal  spaces,  where  the  nerve  is  at 
first  above  the  artery.  The  arteries  are  protected  from  pressure  during  the  action 
of  the  Intercostal  muscles  by  fibrous  arches  thrown  across,  and  attached  by  each 
extremity  to  the  bone.  The  lower  intercostal  arteries  are  continued  anteriorly 
from  the  intercostal  spaces  into  the  abdominal  wall,  except  the  last,  the  ntbcostaL 
which  lies  throughout  its  whole  course  in  the  abdominal  wall,  since  it  is  placed 
below  the  last  rib.  They  pass  behind  the  costal  cartilages  between  the  Internal 
oblique  and  Transversal  is  muscle  to  the  sheath  of  the  Rectus,  where  they 
anastomose  with  the  internal  mammary  and  the  deep  epigastric  arteries.  Behind, 
the  subcostal  artery  anastomoses  with  the  first  lumbar  artery. 

The  posterior  or  dorsal  branch  of  each  intercostal  artery  passes  backward 
to  the  inner  side  of  the  anterior  costo-transverse  ligament,  and  divides  into  a 
muscular  branch  which  is  distributed  to  the  muscles  and  integument  of  the  back, 
and  a  spinal  branch  which  enters  the  spinal  canal  through  the  intervertebral 
foramina  to  be  distributed  to  the  spinal  cord  and  its  membranes,  and  to  the 
bodies  of  the  vertebrsB  in  the  same  manner  as  the  lateral  spinal  branches  from  the 
vertebral. 

THE  ABDOMINAL  AOBTA  (Fig.  867). 

The  Abdominal  Aorta  commences  at  the  aortic  opening  of  the  Diaphragm,  in 
front  of  the  body'  of  the  last  dorsal  vertebra,  and,  descending  a  little  to  the  left 
side  of  the  vertebral  column,  terminates  on  the  body  of  the  fourth  lumbar  vertebra, 
commonly  a  little  to  the  left  of  the  middle  line,^  where  it  divides  into  the  two 
common  iliac  arteries.  It  diminishes  rapidly  in  size,  in  consequence  of  the  many 
large  branches  which  it  gives  off.  As  it  lies  upon  the  bodies  of  the  vertebne 
the  curve  which  it  describes  is  convex  forward,  the  greatest  convexity  correspond- 
ing to  the  third  lumbar  vertebra,  which  is  a  little  above  and  to  the  left  side  of  the 
umbilicus. 

Relations. — It  is  covered,  in  front,  by  the  lesser  omentum  and  stomach,  behind 
which  are  the  branches  of  the  coeliac  axis  and  the  solar  plexus ;  below  these,  by 
the  splenic  vein,  the  pancreas,  the  left  renal  vein,  the  transverse  portion  of  the 
duodenum,  the  mesentery,  and  aortic  plexus.  Behind,  it  is  separated  from  the 
lumbar  vertebrae  by  the  left  lumbar  veins,  the  receptaculum  chyli,  and  thoracic 
duct.  On  the  right  side  it  is  in  relation  with  the  inferior  vena  cava  (the  right 
crus  of  the  Diaphragm  being  interposed  above),  the  vena  azygos  major,  thoracic 
duct,  and  right  semilunar  ganglion ;  on  the  left  side,  with  the  sympathetic  nerve 
and  left  semilunar  ganglion. 

Plan  of  the  Relations   of  the  Abdominal  Aorta. 

In  front. 

Lesser  omentum  and  stomach. 

Branches  of  the  coeliac  axis  and  solar  plexus. 

Splenic  vein. 

Pancreas. 

Left  renal  vein. 

Transverse  duodenum. 

Mesentery. 

Aortic  plexus. 

'  Sir  Joseph  Lister,  having  accurately  examined  30  bodies  in  order  to  ascertain  the  exact  point 
of  termination  of  this  vessel,  found  it  "either  absolutely,  or  almost  absolutely,  mesial  in  15,  while  in 
13  it  deviated  more  or  less  to  the  left,  and  in  2  was  slightly  to  the  right "  {SysUm  of  Surgery^  edited  by 
T.  Holmes,  2d  ed.  vol.  v.  p.  652). 
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Right  side. 


Right  cms  of  Diaphragm.  /  \  Leftside. 

Infenor  vena  cava.  * ' "        ' 


Vena  azygos  mjyor.  I      ^«^-      i  Sympathetic  nerve. 

Thoracic  duct  \  /  Left  semilunar  ganghon. 

Right  semilunar  ganglion. 

Behind. 

Left  lumbar  veins. 
Receptaculum  chyli. 
Thoracic  duct. 
Vertebral  column. 

SnrfEtce  Marking.— In  order  to  map  out  the  abdominal  aorta  on  the  surface  of  the  abdomen, 
a  line  must  be  drawn  from  the  middle  line  of  the  body,  on  a  level  with  the  distal  extremity  ot 
the  seventh  costal  cartilage,  downward  and  slightly  to  the  left,  so  that  it  just  skirts  the  umbilicus, 
to  a  zone  drawn  round  the  body  opposite  the  highest  point  of  the  crest  of  the  ilium.  This 
point  is  generally  half  an  inch  below  and  to  the  left  of  the  umbilicus,  but  as  the  position  of  this 
structure  varies  with  the  obesity  of  the  individual,  it  is  not  a  reliable  landmark  as  to  the  situation 
of  the  bifurcation  of  the  aorta. 

Surgical  Anatomy. — Aneurisms  of  the  abdominal  aorta  near  the  coeliac  axis  communicate 
in  nearly  equal  proportion  with  the  anterior  and  posterior  parts  of  the  arteiy. 

When  an  aneurismal  sac  is  connected  with  the  back  part  of  the  abdominal  aorta,  it  usually 
produces  absorption  of  the  bodies  of  the  vertebrae,  and  forms  a  pulsating  tumor  that  presents 
Itself  in  the  left  hypochondriac  or  epigastric  regions,  and  is  accompanied  by  symptoms  of  dis- 
turbance in  the  alimentary  canal.  Pain  is  invariably  present,  and  is  usually  of  two  kinds — a 
fixed  and  constant  pain  in  the  back,  caused  by  the  tumor  pressing  on  or  displacing  the  branches 
of  the  solar  plexus  and  splanchnic  nerves ;  and  a  sharp  lancinating  pain,  radiating  along  those 
branches  of  the  lumbar  nerves  which  are  pressed  on  by  the  tumor ;  hence  the  pain  in  the  loins, 
the  t^tes,  the  hypogastrium,  and  in  the  lower  limb  (usually  of  the  left  side).  This  form  of 
aneurism  usually  bursts  into  the  peritoneal  cavity  or  behind  the  peritoneum  in  the  left  hypo- 
chondriac region ;  or  it  may  form  a  large  aneurismal  sac,  extending  down  as  low  as  Poupart's 
ligament ;  haemorrhage  in  these  cases  being  generally  very  extensive,  but  slowly  producea,  and 
not  nipidly  fatal. 

When  an  aneurismal  sac  is  connected  with  the  front  of  the  aorta  near  the  cceliac  axis,  it 
forms  a  pulsating  tumor  in  the  left  hypochondriac  or  epigastric  regions,  usually  attended  with 
s\inptoms  of  disturbance  of  the  alimentary  canal,  as  sickness,  dyspepsia,  or  constipation,  and 
accompanied  by  pain,  which  is  constant,  but  nearly  always  fixed  in  the  loins,  epigastrium,  or 
some  part  of  the  abdomen ;  the  radiating  pain  being  rare,  as  the  lumbar  nerves  are  seldom 
implicated.  This  form  of  aneurism  may  burst  into  the  peritoneal  cavity  or  behind  the  peritoneum, 
between  the  layers  of  the  mesentery,  or,  more  rarely,  into  the  duodenum ;  it  rarely  extends  back- 
ward so  as  to  affect  the  spine. 

Tlie  abdominal  aorta  has  been  tied  several  times,  and  although  none  of  the  patients  perma- 
nently recovered,  still,  as  one  of  them  lived  as  long  as  ten  days,  the  possibility  of  the  re- 
establishment  of  the  circulation  may  be  considered  to  be  proved.  In  the  lower  animals  this 
artery  has  been  often  successfully  tied.  The  vessel  may  be  reached  in  several  ways.  In  the 
original  operation,  performed  by  Sir  A.  Cooper,  an  incision  was  made  in  the  linea  alba,  the 
peritoneum  opened  in  front,  the  finger  carried  down  amongst  the  intestines  toward  the  spine,  the 
peritoneum  again  opened  behind  by  scratching  through  the  mesentery,  and  the  vessel  thus  reached. 
Or  either  of  the  operations  described  below  for  securing  the  common  iliac  artery  may,  by  extend- 
ing the  dissection  a  sufficient  distance  upward,  be  made  use  of  to  expose  the  aorta.  The  chief 
difficulty  in  the  dead  subject  consists  in  isolating  the  artery  in  consequence  of  its  ^at  depth ;  but 
in  the  living  subiect  the  embarrassment  resulting  from  the  proximity  of  the  aneunsmal  tumor,  and 
the  great  probability  of  disease  in  the  vessel  itself,  add  to  the  dangers  and  difficulties  of  this  for- 
midable operation  so  greatly  that  it  is  very  doubtful  whether  it  ought  ever  to  be  performed. 

The  collateral  circulation  would  be  carried  on  by  the  anastomosis  between  the  internal 
mammary  and  the  deep  epigastric ;  by  the  free  communication  between  the  superior  and  inferior 
mesentencs  if  the  ligature  were  placed  above  the  latter  vessel ;  or  by  the  anastomosis  between 
the  inferior  mesenteric  and  the  internal  pudic  when  (as  is  more  common)  the  point  of  ligature  is 
below  the  origin  of  the  inferior  mesenteric ;  and  possibly  by  the  anastomoses  of  the  lumbar 
arteries  with  the  branches  of  the  internal  iliac. 

The  circulation  through  the  abdominal  aorta  may  be  commanded,  in  thin  persons,  by  firm 
pressure  with  the  fingers.  A  tourniquet  has  been  invented  for  this  purpose  which  is  sometimes 
used  in  amputation  at  the  hip-joint  and  some  other  operations. 

Branches  of  the  Abdominal  Aorta. 

Phrenic.  Superior  Mesenteric.  Ovarian  in  female. 

{Gastric.  Suprarenal.  Inferior  Mesenteric. 

Hepatic.  Renal.  Lumbar. 

Splenic.  .  Spermatic  in  male.  Sacra  Media. 
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The  branclieg  mav  be  divided  into  two  sets  :  1.  Those  supplying  the  viscera. 
2.  Those  distributed  to  the  walls  of  the  abdomen. 


VUceral  Branches. 

(  Gastric. 

Cceliac  Axis.  I  Hepatic. 

t^  Splenic. 

Renul. 

Spermatic  or  Ovarian. 

Parietal  Brancket. 

Superior  Mesenteric. 
Inferior  Mesenteric. 
Suprarenal. 

Phrenic. 
Lumbar. 
Sacra  Media. 

Visceral  Branches  of  the  Abdominal  Aorta. 
The  Cieliac  Axis  (Fig.  3C8). 

To  expose  this  artery  raise  the  liver,  draw  down  the  stomach,  and  then  tear  through  tJie 
layem  of  the  leaser  omentum. 

The  Oceliac  Axis  is  a  short  thick  trunk,  about  half  an  inch  in  length,  which 


Pio.  868.— The  celiac  axla  and  IM  brauiheu.  tht  liver  havinif  been  raised  and  tlie  leMer  omentum  removed, 

arises  from  the  aorta  opposite  the  margin  nf  the  Diaphragm,  and,  passing  nearly 
horizontally  forward  (in  the  erect  posture),  divides  into  three  large  branches,  the 
gastric,  hepatic,  and  splenic,  occasionally  giving  off  one  of  the  phrenic  arteries. 

Relations. — It  is  covered  by  the  lesser  omentum.  On  the  right  side  it  is  in 
relation  with  the  right  semilunar  ganglion,  and  the  lobus  Spigelii ;  on  the  left  tide. 
with  the  left  semilunar  ganglion  and  cardiac  end  of  the  stomach.  Below,  it  rests 
apoQ  the  upper  border  of  the  pancreas. 
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The  Gastric  Artery  (Coronaria  ventriculi\  the  smallest  of  the  three  branches 
of  the  coeliac  axis,  passes  upward  and  to  the  left  side,  to  the  cardiac  orifice  of 
the  stomach,  distributing  branches  to  the  oesophagus  which  anastomose  with  the 
aortic  oesophageal  arteries ;  others  supply  the  cardiac  end  of  the  stomach,  inoscu- 
lating with  branches  of  the  splenic  artery ;  it  then  passes  from  left  to  right, 
along  the  lesser  curvature  of  the  stomach  to  the  pylorus,  lying  in  its  course 
between  the  layers  of  the  lesser  omentum,  and  giving  branches  to  both  surfaces 
of  the  organ :'  at  its  termination  it  anastomoses  with  the  pyloric  branch  of  the 
hepatic. 

The  Hepatic  Artery  in  the  adult  is  intermediate  in  size  between  the  gastric  and 
splenic ;  in  the  foetus  it  is  the  largest  of  the  three  branches  of  the  coeliac  axis.  It 
is  first  directed  forward  and  to  the  right,  to  the  upper  margin  of  the  pyloric  end 
of  the  stomach,  forming  the  lower  boundary  of  the  foramen  of  Winslow.  It  then 
passes  upward  between  the  layers  of  the  lesser  omentum,  and  in  front  of  the  fora- 
men of  Winslow,  to  the  transverse  fissure  of  the  liver,  where  it  divides  into  two 
branches,  right  and  left,  which  supply  the  corresponding  lobes  of  that  organ, 
accompanying  the  ramifications  of  the  vena  portae  and  hepatic  duct.  The  hepatic 
artery,  in  its  course  along  the  right  border  of  the  lesser  omentum,  is  in  relation 
with  the  ductus  communis  choledochus  and  portal  veins,  the  duct  lying  to  the  right 
of  the  artery  and  the  vena  portae  behind. 

Its  branches  are — the 

Pyloric. 

/^     .      1     J      ,.      f  Gastro-epiploica  Dextra. 
Gastro-duodenalis    ^  t>  5     j     j      v    a 

\  rancreatico-duodenalis  Superior. 

Cystic. 

The  pyloric  branch  arises  from  the  hepatic,  above  the  pylorus,  descends  to  the 
pyloric  end  of  the  stomach,  and  passes  from  right  to  left  along  its  lesser  curvature, 
supplying  it  with  branches  and  inosculating  with  the  gastric  artery. 

The  gastro-duodenaUfl  (Fig.  369)  is  a  short  but  large  branch  which  descends, 
near  the  pylorus,  behind  the  first  portion  of  the  duodenum,  and  divides  at  the  lower 
border  of  the  stomach  into  two  branches,  the  gastro-epiploica  dextra  and  the  pan- , 
ereatieo-duodenalis  superior.     Previous  to  its  division  it  gives  oflF  two  or  three 
small  inferior  pyloric  branches  to  the  pyloric  end  of  the  stomach  and  pancreas. 

The  gastro-epiploica  dextra  runs  from  right  to  left  along  the  greater  curvature 
of  the  stomach,  between  the  layers  of  the  great  omentum,  anastomosing  about  the 
middle  of  the  lower  border  of  the  stomach  with  the  gastro-epiploica  sinistra  from 
the  splenic  artery.  This  vessel  gives  off"  numerous  branches,  some  of  which  ascend 
to  supply  both  surfaces  of  the  stomach,  whilst  others  descend  to  supply  the  great 
omentum. 

The  pancreatico-duodenalis  superior  descends  between  the  contiguous  margins 
of  the  duodenum  and  pancreas.  It  supplies  both  these  organs,  and  anastomoses 
with  the  inferior  pancreatico-duodenal  branch  of  the  superior  mesenteric  artery 
and  with  the  pancreatic  branches  of  the  splenic. 

The  cystic  artery  (Fig.  368),  usually  a  branch  of  the  right  hepatic,  passes 
upward  and  forward  along  the  neck  of  the  gall-bladder,  and  divides  into  two 
branches,  one  of  which  ramifies  on  its  free  surface,  the  other  between  it  and  the 
substance  of  the  liver. 

The  Splenic  Artery,  in  the  adult,  is  the  largest  of  the  three  branches  of  the 
coeliac  axis,  and  is  remarkable  for  the  extreme  tortuosity  of  its  course.  It  passes 
horizontally  to  the  left  side  along  the  upper  border  of  the  pancreas,  accompanied 
by  the  splenic  vein,  which  lies  below  it,  and  on  arriving  near  the  spleen  divides 
into  branches,  some  of  which  enter  the  hilum  of  that  organ  to  be  distributed  to  its 
structure,  whilst  others  are  distributed  to  the  great  end  of  the  stomach.  Its 
branches  are — the 

Pancreaticse  Parvae.  Gastric  (Vasa  Brevia). 

Pancreatica  Magna.  Gastro-epiploica  Sinistra. 


614  THE   ARTERIES. 

The  pancreatic  are  DumerouB  small  branches  derived  from  the  Bplenic  ae  it 
runs  behind  the  upper  border  of  the  pancreas,  supplying  its  middle  and  left  parts. 
One  of  these,  larger  than  tbe  rest,  ia  given  oif  from  the  splenic  near  the  left 
extremity  of  the  pancreas ;  it  runs  from  left  to  right  near  the  posterior  surface  of 
the  gland,  following  the  course  of  the  pancreatic  cfuct,  and  is  called  the  pancreatica 
magna.    These  vessels  anastomose  with  the  pancreatic  branches  of  the  pancrestico 

...      »      G"-"       Owe,,.. 


FCQ.  S«l).— The  toellac  axis  and  ila  brttnchea,  the  Blomnoh  having  been  railed  anc 
removcil. 

duodenal  arteries,  derived  from  the  hepatic  on  the  one  hand  and  superior  mesenteric 
on  the  other. 

The  gastric  (vasa  treTia)  consisl.s  of  from  five  to  seven  small  branches,  which 
arise  either  from  the  terminjilton  of  the  splenic  artery  or  from  its  terminal  branches. 
and,  passing  from  left  to  right,  between  the  layers  of  the  gastro-splenic  omentum, 
are  distributed  to  the  great  curvature  of  the  stomach,  anastomosing  with  branches 
of  the  gastric  and  gnatro-epiploica  sinistra  arteries. 

The  gastro- epiploic  a  sinistra,  the  largest  branch  of  the  splenic,  runs  from  left 
to  right  along  the  great  cnrvatiire  of  the  stomach,  between  the  layers  of  the  great 
omentum,  and  anastomoses  with  the  gastro-epiploica  dextra.  In  its  course  it 
distributes  several  branches  to  the  stomach,  which  ascend  upon  both  surfaces; 
others  descend  to  supply  the  omentum. 

The  Superior  Hesenteric  Artery  (Fig,  370). 
Ill  order  to  expose  this  vessel  rwse  the  great  omentum  and  transverse  colon,  draw  down  the 
small  intestines,  and  cut  through  the  peritonciiin  where  the  transverse  mcso-colon  and  mesen- 
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teiyjoia:  the  artery  will  then  be  exposed  just  as  it  issues  Irom  beneath  the  lower  border  of  the 


The  Superior  Mesenteric  Artery  supplies  the  whole  length  of  the  small  inteetine, 
except  the  first  part  of  the  duodeDum;  it  also  supplies  the  caecum.  ascendiDg 
uid  transverse  colon  ;  it  is  a  vessel  of  large  size,  arising  from  the  fore  part  of  the 
aorta  about  a  quarter  of  an  inch  below  the  coeliac  axis ;  being  covered  at  its  origin 
by  the  splenic  vein  and  pancreas.  It  passes  forward,  between  the  pancreas  and 
transverse  portion  of  the  duodenum,  crosses  in  front  of  this  portion  of  the  intes- 


Fio.  BTO.— The  wperior  me«enlerio  «rtery  «nd  lu  br*nclie«. 

tine,  and  descends  between  the  layers  of  the  mesentery  to  the  right  iliac  fossa, 
'liere  it  terminates,  considerably  diminished  in  size.  In  its  course  it  forms  an 
irch.  (he  convexity  of  which  is  directed  forward  and  downward  to  the  left  side. 
the  concavity  backward  and  upward  to  the  right.  It  is  accompanied  by  the 
superior  mesenteric  vein,  and  is  surrounded  by  a  superior  mesenteric  plexus  of 
nenes.    Ita  branches  are — the 

Inferior  Panereatico-duodenal.  Ileo-colic. 

Vasa  Intestini  Tenuis.  Colica  De.xtra. 

Colica  Media. 

The  Inferior  paacreatico-daodenal  is  given  otf  from  the  superior  mesenteric 
behind  the  pancreas,  and  is  distributed  to  the  head  of  the  pancreas  wiih  the 
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transverse  and  descending  portions  of  the  duodenum,  anastomosing  with  the 
superior  pancreatico-duodenal  artery. 

The  vasa  intestini  tenuis  arise  from  the  convex  side  of  the  superior  mesenteric 
artery.  They  are  usually  from  twelve  to  fifteen  in  number,  and  are  distributed  to 
the  jejunum  and  ileum.  They  run  parallel  with  one  another  between  the  layers 
of  the  mesentery,  each  vessel  dividing  into  two  branches,  Avhich  unite  with  a  sim- 
ilar branch  on  each  side,  forming  a  series  of  arches  the  convexities  of  which  are 
directed  toward  the  intestine.  From  this  first  set  of  arches  branches  arise, 
which  again  unite  with  similar  branches  from  either  side,  and  thus  a  second  series 
of  arches  is  formed ;  and  from  these  latter,  a  third,  and  a  fourth,  or  even  fifth, 
series  of  arches  is  constituted,  diminishing  in  size  the  nearer  they  approach  the 
intestine.  From  the  terminal  arches  numerous  small  straight  vessels  arise  which 
encircle  the  intestine,  upon  which  they  are  distributed,  ramifying  thickly  between 
its  coats. 

The  ileo-colic  artery  is  the  lowest  branch  given  off  from  the  concavity  of  the 
superior  mesenteric  artery.  It  descends  between  the  layers  of  the  mesentery  to 
the  right  iliac  fossa,  where  it  divides  into  two  branches.  Of  these,  the  inferior 
one  inosculates  with  the  lowest  branches  of  the  vasa  intestini  tenuis,  from  the 
convexity  of  which  branches  proceed  to  supply  the  termination  of  the  ileum,  the 
caecum  and  appendix  caeci,  and  the  ileo-caecal  valve.  The  superior  division  inos- 
culates with  the  colica  dextra  and  supplies  the  commencement  of  the  colon. 

The  colica  dextra  arises  from  about  the  middle  of  the  concavity  of  the  superior 
mesenteric  artery,  and,  passing  behind  the  peritoneum  to  the  middle  of  the 
ascending  colon,  divides  into  two  branches — a  descending  branch,  which  inoscu- 
lates with  the  ileo-colic ;  and  the  ascending  branch,  which  anastomoses  with  the 
colica  media.  These  branches  form  arches,  from  the  convexity  of  which  vessels 
are  distributed  to  the  ascending  colon.  The  branches  of  this  vessel  are  covered 
with  peritoneum  only  on  their  anterior  aspect. 

The  colica  media  arises  from  the  upper  part  of  the  concavity  of  the  superior 
mesenteric,  and,  passing  forward  between  the  layers  of  the  transverse  meso-colon, 
divides  into  two  branches,  the  one  on  the  right  side  inosculating  with  the  colica 
dextra ;  that  on  the  left  side,  with  the  colica  sinistra,  a  branch  of  the  inferior 
mesenteric.  From  the  arches  formed  by  their  inosculation  branches  are  distrib- 
uted to  the  transverse  colon.  The  branches  of  this  vessel  lie  between  two  layers 
of  peritoneum. 

The  Inferior  Mesenteric  Artery  (Fig.  371). 

In  order  to  expose  this  vessel  draw  the  small  intestines  and  mesentery  over  to  the  right 
side  of  the  abdomen,  raise  the  transverse  colon  toward  the  thorax,  and  divide  the  peritoneum 
covering  the  left  side  of  the  aorta. 

The  Inferior  Mesenteric  Artery  supplies  the  descending  and  sigmoid  flexure  of 
the  colon  and  the  greater  part  of  the  rectum.  It  is  smaller  than  the  superior 
mesenteric,  and  arises  from  the  left  side  of  the  aorta,  between  one  and  two 
inches  above  its  division  into  the  common  iliacs.  It  passes  downward  to  the  left 
iliac  fossa,  and  then  descends,  between  the  layers  of  the  meso-rectum,  into  the 
pelvis,  under  the  name  of  the  superior  hcemorrhoidal  artery.  It  lies  at  first  in  close 
relation  with  the  left  side  of  the  aorta,  and  then  passes  as  the  superior  haemor- 
rhoidal  in  front  of  the  left  common  iliac  artery.     Its  branches  are — the 

Colica  Sinistra.  Sigmoid. 

Superior  Haemorrhoidal. 

The  colica  sinistra  passes  behind  the  peritoneum,  in  front  of  the  left  kidney, 
to  reach  the  descending  colon,  and  divides  into  two  branches — an  ascending 
branch,  which  inosculates  with  the  colica  media;  and  a  descending  branch,  which 
anastomoses  with  the  sigmoid  artery.  From  the  arches  formed  by  these  inoscu- 
lations branches  are  distributed  to  the  descending  colon. 

The  sigmoid  artery  runs  obliquely  downward  across  the  Psoas  muscle  to  the 
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sigmoid  flexure  of  the  colon,  and  divides  into  branches  which  supply  that  part  of 
the  intestine,  anastomosing  above  with  the  colica  sinistra,  and  below  with  the 
superior  hemorrhoidal  artery.  This  vessel  is  sometimes  replaced  by  three  or  four 
small  branches. 

The  snperior  hnmoirhoidal  artery,  the  continuation  of  the  inferior  mesenteric, 
descends  into  the  pelvis  between  the  layers  of  the  meso-rectum,  crossing,  in  its 


no,  371.— The  Inferior  mesenteric  and  ila  bruichei. 

coarse,  the  nreter  and  left  common  iliac  vessels.  It  divides  into  two  branches, 
which  descend  one  or  each  side  of  the  rectum,  and  about  five  inches  from  the  anus 
break  up  into  several  small  branches,  which  are  distributed  between  the  mucous 
and  muscular  coats  of  that  tube,  nearly  as  far  as  its  lower  end,  anastomosing 
with  each  other,  with  the  middle  hicmorrhoidal  arteries,  branches  of  the  internal 
iliac,  and  with  the  inferior  hsemorrhoidal  branches  of  the  internal  pudic. 

The  Saprarenal  Arteries. 
The  suprarenal  arteriee  (Fijt.  367)  are  two  small  vessels  which  arise,  one  on 
each  side  of  the  aorta,  opposite  the  superior  mesenteric  artery.  They  pass  obliquely 
npward  and  outward,  over  the  crura  of  the  Diaphragm,  to  the  under  surface  of 
the  suprarenal  capsules,  to  which  tbev  are  distributed,  anastomosing  with  capsular 
branches  from  the  phrenic  and  renal  arteries.  In  the  adult  these  arteries  are  of 
small  size ;  in  the  foetus  they  are  as  large  as  the  renal  arteries. 
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The  Benal  Arteries. 

The  renal  arteries  are  two  large  trunks  which  arise  from  the  sides  of  the 
aorta  immediately  below  the  superior  mesenteric  artery.  Each  is  directed 
outward  across  the  crus  of  the  Diaphragm,  so  as  to  form  nearly  a  right  angle 
with  the  aorta.  The  right  is  longer  than  the  left,  on  account  of  the  position  of 
the  aorta ;  it  passes  behind  the  inferior  vena  cava.  The  left  is  somewhat  higher 
than  the  right.  Previously  to  entering  the  kidney  each  artery  divides  into  four 
or  five  branches  which  are  distributed  to  its  substance.  At  the  hilum  these 
branches  lie  between  the  renal  vein  and  ureter,  the  vein  being  usually  in  front,  the 
ureter  behind.  Each  vessel  gives  off  some  small  branches  to  the  suprarenal 
capsule,  the  ureter,  and  the  surrounding  cellular  tissue  and  muscles.  Frequently 
there  is  a  second  renal  artery,  which  is  given  off  from  the  abdominal  aorta  at  a 
lower  level  and  supplies  the  lower  portion  of  the  kidney.  It  is  termed  the  inferior 
renal  artery. 

The  Spermatic  Arteries. 

The  spermatic  arteries  are  distributed  to  the  testes  in  the  male  and  to  the 
ovaria  in  the  female.  They  are  two  slender  vessels,  of  considerable  length,  which 
arise  from  the  front  of  the  aorta  a  little  below  the  renal  arteries.  Each  arterv 
passes  obliquely  outward  and  downward  behind  the  peritoneum,  resting  on  the 
Psoas  muscle,  the  right  spermatic  lying  in  front  of  the  inferior  vena  cava,  the  left 
behind  the  sigmoid  flexure  of  the  colon.  It  then  crosses  obliquely  over  the  ureter 
and  the  lower  part  of  the  external  iliac  artery  to  reach  the  internal  abdominal 
ring,  through  which  it  passes,  and  accompanies  the  other  constituents  of  the 
spermatic  cord  along  the  inguinal  canal  to  the  scrotum,  where  it  becomes  tortuous, 
and  divides  into  several  branches,  two  or  three  of  which  accompany  the  vas 
deferens  and  supply  the  epididymis,  anastomosing  with  the  artery  of  the  vas 
deferens  ;  others  pierce  the  back  part  of  the  tunica  albuginea,  and  supply  the 
substance  of  the  testis. 

The  Oyarian  Arteries. 

The  ovarian  arteries  are  shorter  than  the  spermatic,  and  do  not  pass  out  of 
the  abdominal  cavity.  The  origin  and  course  of  the  first  part  of  the  artery  are  the 
same  as  the  spermatic  in  the  male,  but  on  arriving  at  the  margin  of  the  pelvis  the 
ovarian  artery  passes  inward,  between  the  two  laminae  of  the  broad  ligament  of 
the  uterus,  to  be  distributed  to  the  ovary.  One  or  two  small  branches  supply  the 
Fallopian  tube ;  another  passes  on  to  the  side  of  the  uterus  and  anastomoses  with 
the  uterine  arteries.  Other  offsets  are  continued  along  the  round  ligament, 
through  the  inguinal  canal,  to  the  integument  of  the  labium  and  groin. 

At  an  early  period  of  foetal  life,  when  the  testes  or  ovaries  lie  by  the  side  of  the 
spine  below  the  kidneys,  the  spermatic  or  ovarian  arteries  are  short ;  but  as  these 
organs  descend  from  the  abdomen  into  the  scrotum  the  arteries  become  gradually 
lengthened. 

Parietal  Branches  of  the  Abdominal  Aorta, 

The  Phrenic  Arteries. 

The  phrenic  arteries  are  two  small  vessels  which  present  much  variety  in 
their  origin.  They  may  arise  separately  from  the  front  of  the  aorta,  immediately 
above  the  coeliac  axis,  or  by  a  common  trunk,  which  may  spring  either  from  the 
aorta  or  from  the  coeliac  axis.  Sometimes  one  is  derived  from  the  aorta,  and  the 
other  from  one  of  the  renal  arteries.  In  only  one  out  of  thirty-six  cases  examined 
did  these  arteries  arise  as  two  separate  vessels  from  the  aorta.  They  diverge  from 
one  another  across  the  crura  of  the  Diaphragm,  and  then  pass  obliquely  upward 
and  outward  upon  its  under  surface.  The  left  phrenic  passes  behind  the  oesoph- 
agus and  runs  forward  on  the  left  side  of  the  oesophageal  opening.  The  right 
phrenic  passes  behind  the  inferior  vena  cava,  and  ascends  along  the  right  side  of 
the  aperture  for  transmitting  that  vein.  Near  the  back  part  of  the  central  tendon 
each  vessel  divides  into  two  branches.  The  internal  branch  runs  forward  to  the 
front  of  the  thorax,  supplying  the  Diaphragm  and  anastomosing  with  its  fellow  of 
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the  opposite  side,  and  with  the  musculo-phrenic  and  comes  nervi  phrenici,  branches 
of  the  internal  mammary.  The  external  branch  passes  toward  the  side  of  the 
thorax  and  inosculates  with  the  intercostal  arteries.  The  internal  branch  of  the 
right  phrenic  gives  off  a  few  vessels  to  the  inferior  vena  cava,  and  the  left  one 
some  branches  to  the  oesophagus.  Each  vessel  also  sends  capsular  branches  to  the 
suprarenal  capsule  of  its  own  side.  The  spleen  on  the  left  side  and  the  liver  on 
the  right  also  receive  a  few  branches  from  these  vessels. 

The  Lumbar  Arteries. 

The  lumbar  arteries  are  analogous  to  the  intercostal.  They  are  usually  four 
in  number  on  each  side,  and  arise  from  the  back  part  of  the  aorta,  nearly  at  right 
angles  with  that  vessel.  They  pass  outward  and  backward,  around  the  sides  of 
the  body  of  the  lumbar  vertebra,  behind  the  sympathetic  nerve  and  the  Psoas 
magnus  muscle,  those  on  the  right  side  being  covered  by  the  inferior  vena  cava, 
and  the  two  upper  ones  on  each  side  by  the  crura  of  the  Diaphragm.  In  the 
interval  between  the  transverse  processes  of  the  vertebrae  each  artery  divides  into 
a  dorsal  and  an  abdominal  branch. 

The  dorsal  branch  gives  off,  immediately  after  its  origin,  a  spinal  branch,  which 
enters  the  spinal  canal ;  it  then  continues  its  course  backward  between  the  trans- 
verse processes,  and  is  distributed  to  the  muscles  and  integument  of  the  back, 
anastomosing  with  the  similar  branches  of  the  adjacent  lumbar  arteries  and  with 
the  posterior  branches  of  the  intercostal  arteries. 

The  spinal  branch  enters  the  spinal  canal  through  the  intervertebral  foramen, 
to  be  distributed  to  the  spinal  cord  and  its  membranes  and  to  the  bodies  of  the 
vertebrae  in  the  same  manner  as  the  lateral  spinal  branches  from  the  vertebral 
(see  page  584). 

The  abdominal  branches  pass  outward,  having  a  variable  relation  to  the 
Quadratus  lumborum  muscle.  Most  frequently  the  first  branch  passes  in  front 
of  the  muscle  and  the  others  behind  it ;  sometimes  the  order  is  reversed  and  the 
lowest  branch  passes  in  front  of  the  muscle.  At  the  outer  border  of  the  Quadratus 
thev  are  continued  between  the  abdominal  muscles,  anastomose  with  branches  of 
the  epigastric  and  internal  mammary  in  fronts  the  intercostals  above^  and  those  of 
the  ilio-lumbar  and  circumflex  iliac  below. 

The  Sacra  Media. 

The  Middle  Sacral  Artery  is  a  small  vessel  about  the  size  of  a  crow-quill, 
which  arises  from  the  back  part  of  the  aorta  just  at  its  bifurcation.  It  descends 
upon  the  last  lumbar  vertebra,  and  along  the  middle  line  of  the  front  of  the 
sacrum,  to  the  upper  part  of  the  coccyx,  where  it  anastomoses  with  the  lateral 
sacral  arteries,  and  terminates  in  a  minute  branch,  which  runs  down  to  the  situation 
of  the  body  presently  to  be  described  as  "  Luschka's  gland.*'  From  it  branches 
arise  which  run  through  the  meso-rectum  to  supply  the  posterior  surface  of  the  rec- 
tum. Other  branches  are  given  off"  on  each  side,  which  anastomose  with  the  lateral 
sacral  arteries,  and  send  off  small  offsets  which  enter  the  anterior  sacral  foramina. 

The  artery  is  the  representative  of  the  caudal  prolongation  of  the  aorta  of 
animals,  and  its  lateral  branches  correspond  to  the  intercostal  and  lumbar  arteries 
in  the  dorsal  and  lumbar  regions. 

Coccygeal  Gland,  or  Lnschka's  Gland. — Lying  near  the  tip  of  the  coccyx  in  a 
small  tendinous  interval  formed  by  the  union  of  the  Levator  ani  muscles  of  each 
side,  and  just  above  the  coccygeal  attachment  of  the  Sphincter  ani,  is  a  small 
conglobate  body  about  as  large  as  a  lentil  or  a  pea,  first  described  by  Luschka,^ 
and  named  by  him  the  coccygeal  gland.  Its  most  obvious  connections  are  with  the 
arteries  of  the  part. 

Stmcture. — It  consists  of  a  congeries  of  small  arteries  with  little  aneurismal 
dilatations  derived  from  the  middle  sacral  and  freely  communicating  with  each 

*  DtT  Himankang  und  die  Steisadrme  dea  Menseheriy  Berlin,  1860 ;  Anatcmte  dea  Menschen.  Tubineen, 
1864,  Tol.  ii.  pt  2,  p.  187. 
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other.  These  vessels  are  enclosed  in  one  or  more  layers  of  polyhedral  granular  cells, 
and  the  whole  structure  is  invested  in  a  capsule  of  connective  tissue  which  sends 
in  trabeculae,  dividing  the  interior  into  a  number  of  spaces  in  which  the  vessels 
and  cells  are  contained.  Nerves  pass  into  this  little  body  from  the  sympathetic, 
but  their  mode  of  termination  is  unknown.  Macalister  believes  the  glomerulus  of 
vessels  "  consists  of  the  condensed  and  convoluted  metameric  dorsal  arteries  of  the 
caudal  segments  imbedded  in  tissue  which  is  possibly  a  small  persisting  fragment 
of  the  neurenteric  canal.** 

THE  COMMON  ILIAO  ABTEBIES. 

The  abdominal  aorta  divides  into  the  two  common  iliac  arteries.  The  bifurca- 
tion usually  takes  place  on  the  left  side  of  the  body  of  the  fourth  lumbar  vertebra. 
This  point  corresponds  to  the  left  side  of  the  umbilicus,  and  is  on  a  level  w^th  a 
line  drawn  from  the  highest  point  of  one  iliac  crest  to  the  other.  The  common 
iliac  arteries  are  about  two  inches  in  length ;  diverging  from  the  termination  of 
the  aorta,  they  pass  downward  and  outward  to  the  margin  of  the  pelvis,  and 
divide  opposite  the  intervertebral  substance,  between  the  last  lumbar  vertebra 
and  the  sacrum  into  two  branches,  the  external  and  internal  iliac  arteries^  the 
former  supplying  the  lower  extremity  ;  the  latter,  the  viscera  and  parietes  of  the 
pelvis. 

The  right  common  iliac  is  somewhat  larger  than  the  left,  and  passes  more 
obliquelv  across  the  bodv  of  the  last  lumbar  vertebra.  In  front  of  it  are  the 
peritoneum,  the  small  intestine,  branches  of  the  sympathetic  nerve,  and,  at  its 
point  of  division,  the  ureter.  Behind^  it  is  separated  from  the  last  lumbar  vertebra 
bv  the  two  common  iliac  veins.  On  its  outer  side,  it  is  in  relation  with  the  inferior 
vena  cava  and  the  right  common  iliac  vein  above,  and  the  Psoas  magnus  muscle 
below. 

The  left  common  iliac  is  in  relation,  in  front,  with  the  peritoneum,  branches  of 
the  sympathetic  nerve  and  the  superior  hsemorrhoidal  artery,  and  is  crossed  at  its 
point  of  bifurcation  by  the  ureter.  The  left  common  iliac  vein  lies  partly  on  the 
inner  side  and  partly  beneath  the  artery ;  on  its  outer  side  the  artery  is  in  relation 
with  the  Psoas  magnus  muscle. 

Plan  of  the  Relations  op  the  Common  Iliac  Arteries. 

In  front.  In  front. 

Peritoneum.  Peritoneum. 

Small  intestines.  Sympathetic  nerves. 

Synj pathetic  nerves.  Superior  haemorrhoidal  artery. 

Ureter.  Ureter. 

Outer  side.  Inner  side.  X  Outer  side. 


/      Right      \     Vena  cava.  Left  coiumon  ^  Left       \      Psoas  muscle. 

(        Common  P;«V,f  nnmrn/in  iliftA  vMn  Common     .  ' 


Common  Riffht  common  iliac  vein. 

V       '""'•      /        iliac  vein..  \ 

\  ^        Psoas  muscle. 

Behind.  Behind. 

Last  lumbar  vertebra.  Last  lumbar  vertebra. 

Riplit  and  left  common  Left  common  iliac 
iliac  veins.  vein. 

Branches. — The  common  iliac  arteries  give  off  small  branches  to  the  peritoneum 

Psoas  magnus,  ureters,  and  the  surrounding  cellular  tissue,  and  occasionally  give 

orisin  to  the  ilio-lumbar  or  renal  arteries. 

Peculiarities. — ^The  point  of  origin  varies  according  to  the  biftircation  of  the  aorta.  In 
three-fourths  of  a  large  number  of  cases  the  aorta  bifurcated  either  upon  the  fourth  lumbar 
vertebra  or  upon  the  intervertebral  disk  between  it  and  the  fifth,  the  bifurcation  being,  in  one 
case  out  of  nine  below,  and  in  one  out  of  eleven  above,  this  point.  In  ten  out  of  every  thirteen 
cases  the  vessel  biftircated  within  half  an  inch  above  or  below  the  level  of  the  crest  of  the  ilium 
more  frequently  below  than  above. 

The  point  of  division  is  subject  to  great  variety.  In  two-thirds  of  a  large  number  of  cases 
it  was  between  the  la.st  lumbar  vertebra  and  the  upper  border  of  the  sacrum  being  above  thai 
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poiDt  in  ooe  case  out  of  eight;  and  betow  it  in  one  case  out  of  aiz.  The  left  commoD  iliao 
uteiy  divides  lower  down  more  Irequently  than  the  right 

The  relalive  length,  also,  of  the  two  common  iliac  arteries  varies.  The  right  codudod  iliac 
was  the  longer  in  sixty-three  cases,  the  left  in  fifty-two,  whilst  they  were  both  equal  in  fifty- 
ihree.  The  length  of  the  arteries  varied  in  five-sevenths  of  tbe  cases  examined  mim  an  inch 
and  a  half  to  three  inches ;  in  about  half  of  the  remaining  cases  the  artei;  was  longer  and  in 
the  other  half  shorter,  the  miniroum  length  being  less  than  half  an  inch,  the  maximum  four 
ind  a  half  inches.  In  two  instances  the  right  common  iliac  has  been  found  wanting,  the 
external  and  internal  iliacs  arising  directly  Irom  the  aorta. 

SOT&Ce  Markiiig. — Braw  a  zone  round  the  body  opposite  the  highest  part  of  the  crest 
of  the  ilium ;  in  this  line  take  a  point  half  an  inch  to  the  left  of  the  middle  line.     From  this 


Fia,  3T2,— ArleritB  of  Ihe  pelvis. 

draw  two  lines  to  points  midway  between  the  anterior  superior  spines  of  the  ilium  and  the 
^mpbysis  pubis.      These  two  divcriring  lines  will  represent  the  course  of  the  common  and 


external  iliac  arteries.  Draw  a  second  zone  round  the  body  corresponding  to  the  level  of  the 
interior  superior  spines  of  the  ilium :  the  portion  of  the  divei^ing  lines  between  the  two  zones 
will  represent  the  course  of  the  common  iliac  artery ;  the  portion  below  the  lower  zone,  that  of 
the  external  iliac  artery. 

Surgical  Anatomy.— The  application  of  a  ligature  to  the  common  iliac  artery  maj-  be 
nqnired  on  account  of  aneurism  or  haeniorrhnge  implicating  the  external  or  internal  iliacs. 
The  arterj-  may  be  tied  by  one  or  two  incisions :  1 ,  an  anterior  or  iliac  incision,  by  which  the  vessel 
i»  approached  more  directly  from  the  front ;  and  2,  a  posterior  abdominal  or  lumbar  incision,  by 
which  the  vessel  is  reached  from  behind.  If  the  surgeon  select  the  iliac  region,  a  curved  incis- 
ion, from  five  to  eight  inches  in  length  according  to  the  amount  of  fat,  is  made,  commencing  just 
oataide  the  middle  of  Poupart's  ligament  and  a  finger's  breailtb  above  it,  and  carried  outward 
toward  the  anterior  superior  iliac  spine,  then  u|>ward  toward  the  ribs,  and  finally  curving  inward 
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toward  the  umbilicus.  The  abdominal  muscles  and  transversalis  fascia  are  divided,  and  the  peri- 
toneum raised  upward  and  inward  until  the  Psoas  is  reached.  The  artery  will  be  found  on  the 
inner  side  of  this  muscle,  and  is  to  be  cleared  with  a  director,  especial  care  being  taken  on  the  right 
side,  as  here  the  common  iliac  veins  lie  behind  the  artery.  The  aneurism  needle  is  to  be  pa?«hi 
from  within  outward.  But  if  the  aneurismal  tumor  should  extend  high  up  in  the  abdomen,  '^m 
the  external  iliac,  it  is  better  to  select  the  posterior  or  lumbar,  by  making  an  incision  partly  in 
the  abdomen,  partly  in  the  loin.  The  incision  is  commenced  at  the  anterior  extremity  of  tb' 
last  rib,  proceeding  directly  downward  to  the  ilium ;  it  is  then  curved  forward  along  the  crest ..{ 
the  ilium  and  a  Uttle  above  it  to  the  anterior  superior  spine  of  that  bone.  The  abdominal  mus- 
cles having  been  cautiously  divided  in  succession,  the  transversaHs  fascia  must  be  carefiilly  cat 
through,  and  the  peritoneum,  together  with  the  ureter,  separated  from  the  arteiy  and  piLtd 
aside  ;  the  sacro-iliac  articulation  must  then  be  felt  for,  and  upon  it  the  vessel  will  be  felt  pulsat- 
incr,  and  may  be  fully  exposed  in  close  connection  with  its  accompanying  vein.  On  the  rigbi 
side  both  common  iliac  veins,  as  well  the  inferior  vena  cava,  are  in  close  connection  with  tlie 
artery,  and  must  be  carefully  avoided.  On  the  left  side  the  vein  usually  lies  on  the  inner  ^ii 
and  behind  the  artery  ;  but  it  occasionally  happens  that  the  two  common  iliac  veins  are  joineficn 
the  left  instead  of  the  right  side,  which  would  add  much  to  the  difficulty  of  an  operation  iD^mh 
a  case.  The  common  iliac  artery  may  be  so  short  that  danger  may  be  apprehended  from  stt^d- 
ary  haBmorrhage  if  a  ligature  is  applied  to  it.  It  would  be  preferable,  in  such  a  case,  to  tiektii 
the  external  and  internal  iliacs  near  their  origin. 

Oollateral  Circulation. — The  principal  agents  in  carrying  on  the  collateral  circulation  aftf^r 
the  application  of  a  licature  to  the  common  iliac  are — the  anastomoses  of  the  hajmorrhuiii 
branches  of  the  internal  iliac  with  the  superior  haemorrhoidal  from  the  inferior  mesenteric;  \\\k 
anastomoses  of  the  uterine  and  ovarian  arteries  and  of  the  vesical  arteries  of  opposite  sides:  if 
the  lateral  sacral  with  the  middle  sacral  artery  ;  of  the  epigastric  with  the  internal  mammaiy, 
inferior  intercostal,  and  lumbar  arteries ;  of  the  circumflex  iliac  with  the  lumbar  arteries ;  of  the 
ilio-lumbar  with  the  last  lumbar  artery ;  of  the  obturator  arter>',  by  means  of  its  pubic  branth, 
with  the  vessel  of  the  opposite  side  and  with  the  deep  epigastric. 

Compression  of  the  Common  Iliac  Arteries. — The  common  iliac  arteries  are  most  effi- 
ciently compressed  by  Davy's  lever.  The  instniment  consists  of  a  gum-elastic  tube  about  two 
feet  long,  in  which  fits  a  round  wooden  ''lever  "  considerably  longer  than  the  tube.  A  small 
quantity  of  olive  oil  having  been  injected  into  the  rectum,  the  gum-elastic  tube,  softened  in  fcx 
water,  is  passed  into  the  bowel  sufficiently  far  to  permit  its  pressing  upon  the  common  iliac  artirrr 
as  it  lies  m  the  groove  between  the  last  lumbar  vertebra  and  the  Fsoas  muscle.  The  wooden 
lever  is  then  inserted  into  the  tube,  and  the  projecting  end  carried  toward  the  opposite  thiirh 
and  raised,  when  it  acts  as  a  lever  of  the  first  order,  the  anus  being  the  fulcrum.  In  ca^ 
where  the  meso-rectum  is  abnormally  short  it  may  be  impossible,  without  unjustifiable  force,  to 
compress  the  arter>'  on  the  right  side. 

Internal  Iliac  Artery  (Fig.  372). 

The  internal  iliac  artery  supplies  the  walls  and  viscera  of  the  pelvis,  the  gen- 
erative organs,  and  inner  side  of  the  thigh.  It  is  a  short,  thick  vessel,  smaller 
in  the  adult  than  the  external  iliac,  and  about  an  inch  and  a  half  in  length.  It 
arises  at  the  point  of  bifurcation  of  the  common  iliac,  and,  passing  downward  (o 
the  upper  margin  of  the  great  sacro-sciatic  foramen,  divides  into  two  large  trunks, 
an  anterior  and  posterior  ;  from  its  point  of  bifurcation  a  partially  obliterated  cord. 
the  hypogastric  artery^  extends  forward  to  the  bladder. 

Relations. — In  fronts  with  the  ureter,  which  separates  it  from  the  peritoneum. 
Behind^  with  the  internal  iliac  vein,  the  lumbo-sacral  nerve,  and  Pyriformis  mus- 
cle.    By  its  outer  side,  near  its  origin,  with  the  Psoas  magnus  muscle. 

Plan  of  the  Relations  of  the  Internal  Iliac  Artery. 

In  front. 
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In  the  foBttts  the  internal  iliac  artery  {hypogastric)  is  twice  as  large  as  the 
external  iliac,  and  appears  to  be  the  continuation  of  the  common  iliac.  Instead 
of  dipping  into  the  pelvis,  it  passes  forward  to  the  bladder,  and  ascends  along 
the  sides  of  that  viscus  to  its  summit,  to  which  it  gives  branches ;  it  then  passes 
upward  along  the  back  part  of  the  anterior  wall  of  the  abdomen  to  the  umbilicus, 
converging  toward  its  fellow  of  the  opposite  side.  Having  passed  through  the 
umbilical  opening,  the  two  arteries  twine  round  the  umbilical  vein,  forming  with 
it  the  umbilical  cord,  and  ultimately  ramify  in  the  placenta.  The  portion  of  the 
vessel  within  the  abdomen  is  called  the  hypogastric  artery^  and  that  external  to 
that  cavity,  the  umbilical  artery. 

At  birth,  when  the  placental  circulation  ceases,  the  upper  portion  of  the 
hypogastric  artery,  extending  from  the  summit  of  the  bladder  to  the  umbilicus, 
contracts,  and  ultimately  dwindles  to  a  solid  fibrous  cord ;  but  the  lower  portion, 
extending  from  its  origin  (in  what  is  now  the  internal  iliac  artery)  for  about  an 
inch  and  a  half  to  the  wall  of  the  bladder,  and  thence  to  the  summit  of  that  organ, 
is  not  totally  impervious,  though  it  becomes  considerably  reduced  in  size,  and 
serves  to  convey  blood  to  the  bladder  under  the  name  of  the  superior  vesical 
artery. 

Peculiarities  as  regards  Length. — In  two-thirds  of  a  large  number  of  cases  the  length  of 
the  internal  iliac  varied  between  an  inch  and  an  inch  and  a  half;  in  the  remaining  third  it 
was  more  frequently  longer  than  shorter,  the  maximum  length  being  three  inches,  the  minimiun 
half  an  inch. 

The  lengths  of  the  common  and  internal  iliac  arteries  bear  an  inverse  proportion  to 
each  other,  the  internal  iliac  arterj^  being  long  when  the  common  iliac  is  short,  and  vice 
versd. 

As  regards  its  Place  of  Division. — The  place  of  division  of  the  internal  iliac  varies 
between  the  upper  margin  of  the  sacrum  and  the  upper  border  of  the  sacro-sciatic  for- 
amen. 

The  arteries  of  the  two  sides  in  a  series  of  cases  often  differed  in  length,  but  neither  seemed 
constantly  to  exceed  the  other. 

Surgical  Anatomy.— The  application  of  a  ligature  to  the  internal  iliac  artery  may  be 
required  in  cases  of  aneurism  or  haemorrhage  affecting  one  of  its  branches.  The  vessel  may  be 
secured  by  making  an  incision  through  the  abdominal  parietes  in  the  iliac  region  in  a  direction 
and  to  an  extent  similar  to  that  for  securing  the  common  iliac ;  the  transversalis  fascia  having 
been  cautiously  divided,  and  the  peritoneum  pushed  inward  from  the  iliac  fossa  toward  the 
pelvis,  the  finger  may  feel  the  pulsation  of  the  external  iliac  at  the  bottom  of  the  wound,  and  by 
tracing  this  vessel  upward  the  mternal  iliac  is  arrived  at,  opposite  the  sacro-iliac  articulation.  It 
should  be  remembered  that  the  vein  lies  behind  and  on  the  right  side,  a  little  external  to 
the  artery,  and  in  close  contact  with  it ;  the  ureter  and  peritoneum,  which  lie  in  front,  must  also 
be  avoided.  The  degree  of  facility  in  applying  a  ligature  to  this  vessel  will  mainly  depend  upon 
its  length.  It  has  been  seen  that  in  the  great  majority  of  the  cases  examined  the  artery  was 
short,  varying  from  an  inch  to  an  inch  and  a  half;  in  these  cases  the  artery  is  deeply  seated  in 
the  pelvis ;  when,  on  the  contrary,  the  vessel  is  longer,  it  is  found  partly  above  that  cavity.  If 
the  artery  is  very  short,  as  occasionally  happens,  it  would  be  preferable  to  apply  a  ligature  to  the 
common  iliac  or  upon  tne  external  and  internal  iliacs  at  their  origin. 

Probably  a  better  method  of  tying  the  internal  iliac  artery  is  by  an  abdominal  section  in  the 
median  line  and  reaching  the  vessel  through  the  peritoneal  cavity.  This  plan  has  been 
advocated  by  Dennis  of  New  York  on  the  following  grounds :  (1)  It  no  way  increases  the  danger 
of  the  operation ;  (2)  it  prevents  a  series  of  accidents  which  have  occurred  during  ligature  of  the 
artery  by  the  older  methods;  (3)  it  enables  the  surgeon  to  ascertain  the  exact  extent  of  disease 
in  the  main  arterial  trunk,  and  select  his  spot  for  the  application  of  the  ligature;  and  (4)  it 
occupies  much  less  time. 

Collateral  Circulation. — In  Professor  Owen's  dissection  of  a  case  in  which  the  internal 
iliac  artery  had  been  tied  by  Stevens  ten  years  before  death  for  aneurism  of  the  sciatic  artery, 
the  internal  iliac  was  found  impervious  for  about  an  inch  above  the  point  where  the  ligature  had 
been  applied,  but  the  obliteration  did  not  extend  to  the  origin  of  tne  external  iliac,  as  the  ilio- 
lumbar artery  arose  just  above  this  point.  Below  the  point  of  obliteration  the  artery  resumed 
its  natural  diameter,  and  continued  so  for  half  an  inch,  the  obturator,  lateral  sacral,  and  gluteal 
arising  in  succession  from  the  latter  portion.  The  obturator  artery  was  entirely  obliterated. 
The  lateral  sacral  artery  was  as  large  as  a  crow's  quill,  and  had  a  very  free  anastomosis  with  the 
artery  of  the  opposite  side  and  with  the  middle  sacral  artery.  The  sciatic  artery  was  entirely 
obliterated  as  far  as  its  point  of  connection  with  the  aneurismal  tumor,  but  on  the  distal  side  of 
the  sac  it  was  continued  down  along  the  back  of  the  thigh  nearly  as  large  in  size  as  the  femoral, 
being  pervious  about  an  inch  below  the  sac  by  receiving  an  anastomosing  vessel  from  the  pro- 
funda.*^  The  circulation  was  carried  on  by  the  anastomoses  of  the  uterine  and  ovarian  arteries; 

*  Medico- Chirurgical  TVans.j  vol.  xvi. 
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of  the  opposite  vesical  arteries;  of  the  hsemorrhoidal  branches  of  the  internal  iliac  with 
those  from  the  inferior  mesenteric ;  of  the  obturator  artery,  by  means  of  its  pubic  branch, 
with  the  vessel  of  the  opposite  side  and  with  the  epigastric  and  internal  circumflex;  of  the 
circumflex  and  perforating  oranches  of  the  profunda  femoris  with  the  sciatic ;  of  the  gluteal 
with  the  postenor  branches  of  the  sacral  arteries ;  of  the  ilio-lumbar  with  the  last  lumbar ;  of 
the  lateral  sacral  with  the  middle  sacral ;  and  of  the  circumflex  iliac  with  the  ilio-lumbar  and 
gluteal. 

Branches  of  the  Internal  Iliac. 

From  the  Anterior  Trunk.  From  the  Posterior  Trunk. 

Superior  Vesical.  Ilio-luinbar. 

Middle  Vesical.  Lateral  Sacral. 

Inferior  Vesical.  Gluteal. 

Middle  Haemorrhoidal. 

Obturator. 

Internal  Pudic. 

Sciatic. 

T    ^       7    f  Uterine. 
In  female  <.  Vamnal 

The  superior  vesical  is  that  part  of  the  foetal  hypogastric  artery  which  remains 
pervious  after  birth.  It  extends  to  the  side  of  the  bladder,  distributing  numerous 
branches  to  the  apex  and  body  of  the  organ.  From  one  of  these  a  slender  vessel 
is  derived  which  accompanies  the  vas  deferens  in  its  course  to  the  testis,  where  it 
anastomoses  with  the  spermatic  artery.  This  is  the  artery  of  the  vas  deferejis. 
Other  branches  supply  the  ureter. 

The  middle  vesical,  usuallv  a  branch  of  the  superior,  is  distributed  to  the  base 
of  the  bladder  and  under  surface  of  the  vesiculae  seminales. 

The  inferior  vesical  arises  from  the  anterior  division  of  the  internal  iliac, 
frequently  in  common  with  the  middle  haemorrhoidal,  and  is  distributed  to  the 
base  of  the  bladder,  the  prostate  gland,  and  vesiculae  seminales.  The  branches 
distributed  to  the  prostate  communicate  with  the  corresponding  vessel  of  the 
opposite  side. 

The  middle  hemorrhoidal  artery  usually  arises  together  with  the  preceding 
vessel.  It  supplies  the  rectum,  anastomosing  with  the  other  haemorrhoidal 
arteries. 

The  uterine  artery  passes  inward  from  the  anterior  trunk  of  the  internal 
iliac  to  the  neck  of  the  uterus.  Ascending,  in  a  tortuous  course  on  the  side  of 
this  viscus,  between  the  layers  of  the  broad  ligament,  it  distributes  branches 
to  its  substance,  anastomosing,  near  its  termination,  with  a  branch  from  the 
ovarian  artery.  Branches  from  this  vessel  are  also  distributed  to  the  bladder  and 
ureter. 

The  vaginal  artery  is  analogous  to  the  inferior  vesical  in  the  male ;  it  descends 
upon  the  vagina,  supplying  its  mucous  membrane,  and  sending  branches  to  the 
neck  of  the  bladder  and  contiguous  part  of  the  rectum. 

The  Obturator  Artery  usually  arises  from  the  anterior  trunk  of  the  internal 
iliac,  frequently  from  the  posterior.  It  passes  forward,  below  the  brim  of  the 
pelvis,  to  the  upper  part  of  the  obturator  foramen,  and,  escaping  from  the  pelvic 
cavity  through  a  short  canal  formed  by  a  groove  on  the  under  surface  of  the 
horizontal  ramus  of  the  os  pubis  and  the  arched  border  of  the  obturator  mem- 
brane, it  divides  into  an  internal  and  external  branch.  In  the  pelvic  cavity  this 
vessel  lies  upon  the  pelvic  fascia,  beneath  the  peritoneum,  and  a  little  below  the 
obturator  nerve. 

Branches. —  Within  the  pelvis^  the  obturator  artery  gives  off  an  iliac  branch  to 
the  iliac  fossa,  which  supplies  the  bone  and  the  Iliacus  muscle,  and  anastomoses 
with  the  ilio-lumbar  artery ;  a  vesical  brayich^  which  runs  backward  to  supply  the 
bladder;  and  a  pubic  branchy  which  is  given  oflF  from  the  vessel  just  before  it 
leaves  the  pelvic  cavity.     This  branch  ascends  upon  the  back  of  the  os  pubis, 
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communicating  with  offsets  from  the  deep  epigaatric  artery  and  with  the  corre- 
sponding vessel  of  the  opposite  side.  This  brunch  is  placed  on  the  inner  side  of 
the  femoral  ring.  External  to  the  pehig,  the  obturator  artery  divides  into  an 
internal  and  an  external  branch,  which  are  deeply  situated  beneath  the  Obturator 
extemus  muscle. 

The  internal  branch  curves  downward  along  the  inner  margin  of  the  obturator 
foramen,  distributing  hrancbes  to  the  Obturator  externus  muscle,  Pectineua, 
Adductors,  and  Gracilis,  and  anastomoses  with  the  external  branch  and  with  the 
internal  circumflex  artery. 

The  external  branch  curves  round  the  outer  margin  of  the  foramen  to  the 
space  between  the  Gemellus  inferior  and  Quadratns  femoris,  where  it  anastomoses 
with  the  sciatic  artery.  It  supplies  the  Obturator  muscles,  anastomoses,  as  it 
passes  backward,  with  the  internal  branch  and  with  the  internal  circumflex,  and 
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sends  a  branch  to  the  hip-joint  through  the  cotyloid  notch,  which  ramifies  on  the 
round  ligament  as  far  as  the  head  of  the  femur. 

Peculiarities.— In  two  out  of  everj'  three  cases  the  obturator  arises  Ironi  the  int«mal  iliac ; 
in  one  ease  in  three  and  a  half  from  the  epigastric  ;  and  in  about  one  in  seventy-lwo  cases  by  two 
Touu  fruin  both  vessels.  It  arises  in  about  the  same  proportion  t'roin  the  external  iliac  artery. 
The  origin  of  the  obturator  from  the  epigaatric  is  not  commonly  found  on  both  aides  of  the  same 

When  the  obturator  artery  arises  at  the  front  of  the  pelvis  from  ihe  epijrastric,  it  descends 
alian«n  vertically  to  the  upper  part  of  the  obturator  foramen.  The  artery  in  this  couree  usually 
lies  in  contact  with  the  external  iliac  vein  and  on  the  outer  side  of  the  femoral  ring  (Fip.  373,  a)  ; 
in  such  cases  it  would  not  be  endangered  in  the  operation  for  femoral  heniia,  Occ^asionally. 
however,  it  curves  inward  along  the  free  margin  of  Gimbemat's  liganient  (Fig.  373,  b),  and 
under  such  circumstances  would  almost  completely  enoircle  the  neck  of  a  hernial  sac  (supposing 
a  hemia  to  exist,  in  sueh  a  case),  and  would  oe  in  great  danger  of  being  wounded  if  an  operation 
wag  performed. 

The  internal  pudic  is  the  smaller  of  the  two  terminal  branches  of  the  anterior 
trunk  of  the  internal  iliac,  and  supplies  the  external  organs  of  generation. 
Though  the  course  of  the  artery  is  the  same  in  the  two  sexes,  the  vessel  is  much 
smaller  in  the  female  than  in  the  male,  and  the  distribution  of  its  branches 
somewhat  different.  The  description  of  its  arrangement  in  the  male  will  first  be 
given,  and  subsequently  the  differences  which  it  presents  in  the  female  will  be 
mentioned. 

The  latemal  Pndic  Artery  in  the  Male  passes  downward  and  outward  to  the 
lower  border  of  the  great  sacro-eciatic  foramen,  and  emerges  from  the  pelvis 
between  the  Pyriformis  and  Coccygeus  muscles:  it  then  crosses  the  spine  of  the 
ischium  and  re-enters  the  pelvis  through  the  lesser  sacro-sciatic  foramen.  The 
artery  now  crosses  the  Obturator  internus  muscle  along  the  outer  wall  of  the  ischio- 
rectal fossa,  being  situated  about  an  inch  and  a  half  above  the  lower  margin  of  the 
ischial  tuberosity.  It  is  here  contained  In  a  sheath  of  the  obturator  fascia,  and 
gradually  approaches  the  margin  of  the  ramus  of  the  ischium,  along  which  it  passes 
forward  and  upward,  pierces  the  posterior  layer  of  the  deep  perineal  fascia,  and 
runs  forward  along  the  inner  margin  of  the  ramus  of  the  os  pubis  ;  finally,  it 
perforates  the  anterior  layer  of  the  deep  perineal  fascia  and  divides  into  its  two 
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terminal  branchea,  the  dorsal  artery  of  the  penis  and   the  artery  of  tht  tta^yti 
eavemoaum. 

Belatioas. — In  the  first  part  of  its  course,  within  the  pelvis,  it  lies  id  front  cT 
the  Pjrriformis  muscle  and  sacral  plexus  of  nerves,  and  on  the  outer  side  of  tb 
rectum  (on  the  left  side).     As  it  crosses  the  spine  of  the  ischium  it  is  covered  K 
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boidal.  pudie. 

Fio.  374.— The  InterDBl  pudic  artery  *nil  iU  branchea  Id  the  male. 

the  Gluteus  maximus.  In  the  pelvis  it  lies  on  the  outer  side  of  the  ischio-recti] 
fossa,  upon  the  surface  of  the  Obturator  intemus  muscle,  contained  in  a  fibre* 
canal  formed  by  the  obturator  fascia  and  the  falciform  process  of  the  great  sacr"- 
sciatic  ligament.  It  is  accompanied  by  the  pudic  veins  and  the  internal  pudi^ 
nerve. 

PecnllarltleB,— The  internal  pudic  is  sometimefl  gmaller  than  usual,  or  fails  to  give  off  nf 
or  two  of  its  usual  branches ;  in  such  pases  the  deficiency  is  supplied  bv  branches  derived  h-m 
an  additional  vessel,  the  nccmtory  pudic,  which  generally  arises  from  the  internal  pudit'tfir 
before  ila  exit  from  the  great  aacro-sciatic  foramen.  It  passes  forward  alnng  the  lower  pan  ■■' 
the  bladder  and  ai-ross  the  side  of  tlie  prostate  gland  to  the  root  of  the  penis,  where  it  perfiinis 
the  triangular  lifcament  and  gives  off  the  branches  usuallv  derived  from  the  pudic  arteiy.  TV 
deficiency  must  frenuently  met  with  is  that  in  which  the  inferaal  pudie  ends  as  the  arteijof  tt. 
bulb,  the  artery  of  the  curpus  cavernosnm  and  arteria  dorsalis  penis  beiiij;  derived  from  ifc 
accessorj-  pudic.  Or  the  pudie  may  tenniuate  as  the  auperfieini  perineal,  the  artery  of  the  W- 
being  derived,  with  the  oilier  two  branches,  from  the  accessop'  vessel. 

Surgical  Anatomy.— The  relation  of  the  accessory  pudic  to  the  prostate  gland  and  nrorhr. 
is  of  the  greatest  interest  in  a  surgical  point  of  view,  as  tliis  vessel  isindangerof  beincwounih': 
in  the  lateral  operation  of  lithotomy.  The  student  should  also  study  the  position  of  the  Mm^ 
pudic  artery  and  its  branches,  when  running  a  normal  course,  with  regard  lo  the  same  opsniH 
The  superficial  and  the  transverse  perineal  arteiies  are,  of  necessity,  divided  in  this  oprraii'-n 
but  the  hieniorrhage  from  these  vessels  ia  seldom  excessive ;  should  a  ligature  be  required,  it  .ti 
readily  be  applied  on  account  of  their  superficial  i>osition.  The  artery  of  the  bulb  m*.','* 
divided  if  the  incision  be  carried  too  far  forwan),  and  injury  of  this  vessel  may  be  attende'l  »Ti« 
serious  or  even  fatal  i-onse<|uenccs.  The  main  trunk  of  the  internal  nudic  arteij'  may  bewmio'l'-l 
if  the  inciaon  be  carried  too  fur  outward ;  bat,  being  bound  down  by  the  strong  oMuntor  ti.-'ii 
and  under  cover  of  the  ramus  of  the  ischium,  the  accident  is  not  very  likely  Ui  occur  onks  iw 
vessel  runs  an  anomalous  course. 


'^f- 
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BranclieB. — The  branches  of  the  internal  pudic  artery  are — 

Muscular.  Transverse  Perineal. 

Inferior  Hsemorrhoidal.  Artery  of  the  Bulb. 

Superficial  Perineal.  Artery  of  the  Corpus  Cavernosum. 

Dorsal  Artery  of  the  Penis. 

The  mnscular  branches  consist  of  two  sets — one  given  off  in  the  pelvis,  the 
other  as  the  vessel  crosses  the  ischial  spine.  The  former  are  several  small  offsets 
which  supply  the  Levator  ani,  the  Obturator  intern  us,  the  Pyriformis,  and  the 
Coccygeus  muscles.  The  branches  given  off  outside  the  pelvis  are  distributed  to 
the  adjacent  part  of  the  Gluteus  maximus  and  External  rotator  muscles.  They 
anastomose  with  branches  of  the  sciatic  artery. 

The  inferior  hsBmorrlioidal  are  two  or  three  small  arteries  which  arise  from 
the  internal  pudic  as  it  passes  above  the  tuberosity  of  the  ischium.  Crossing  the 
ischio-rectal  fossa,  they  are  distributed  to  the  muscles  and  integument  of  the  anal 
region. 

The  superficial  perineal  artery  supplies  the  scrotum  and  muscles  and  integu- 
ment of  the  perinaeum.  It  arises  from  the  internal  pudic  in  front  of  the  preceding 
branches,  and  turns  upward,  crossing  either  over  or  under  the  Transversus  perinaei 
muscle,  and  runs  forward,  parallel  to  the  pubic  arch,  in  the  interspace  between  the 
Accelerator  urinae  and  Erector  penis  muscles,  both  of  which  it  supplies,  and  is 
finally  distributed  to  the  skin  and  dartos  of  the  scrotum.  In  its  passage  through 
the  perinaeum  it  lies  beneath  the  superficial  perineal  fascia. 

The  transverse  perineal  is  a  small  branch  which  arises  either  from  the  internal 
pudic  or  from  the  superficial  perineal  artery  as  it  crosses  the  Transversus  perinaei 
muscle.  It  runs  transversely  inward  along  the  cutaneous  surface  of  the  Trans- 
versus perinaei  muscle,  which  it  supplies,  as  well  as  the  structures  between  the  anus 
and  bulb  of  the  urethra,  and  anastomoses  with  the  one  of  the  opposite  side. 

The  artery  of  the  bulb  is  a  large  but  very  short  vessel  which  arises  from  the 
internal  pubic  between  the  two  layers  of  the  deep  perineal  fascia,  and,  passing 
nearly  transversely  inward,  pierces  the  bulb  of  the  urethra,  in  which  it  ramifies. 
It  gives  off  a  small  branch  which  descends  to  supply  Cowper's  gland. 

Surgical  Anatomy. — This  artery  is  of  considerable  importance  in  a  surgical  point  of  view, 
as  it  is  in  danger  of  being  wounded  in  the  lateral  operation  of  lithotomy — an  accident  usually 
attended  in  the  adult  with  alarming  haemorrhage.  The  vessel  is  sometimes  very  small,  occasion- 
ally wanting,  or  even  double.  It  sometimes  arises  fi^m  the  internal  pudic  earlier  than  usual,  and 
crosses  the  perinaeum  to  reach  the  back  part  of  the  bulb.  In  such  a  case  the  vessel  could  hardly 
fail  to  be  wounded  in  the  performance  oi  the  lateral  oj^ration  of  lithotomy.  If,  on  the  contrary, 
it  should  arise  from  an  accessory  pudic,  it  lies  more  forward  than  usual  and  is  out  of  danger  m 
the  operation. 

The  artery  of  the  corpus  cavemosiun,  one  of  the  terminal  branches  of  the  inter- 
nal pudic,  arises  from  that  vessel  while  it  is  situated  between  the  crus  penis  and 
the  ramus  of  the  os  pubis ;  piercing  the  crus  penis  obliquely,  it  runs  forward  in  the 
centre  of  the  corpus  cavernosum,  to  which  its  branches  are  distributed. 

The  dorsal  artery  of  the  penis  ascends  between  the  crus  and  pubic  symphysis, 
and,  piercing  the  suspensory  ligament,  runs  forward  on  the  dorsum  of  the  penis  to 
the  glans,  where  it  divides  into  two  branches  which  supply  the  glans  and  prepuce. 
On  the  dorsum  of  the  penis  it  lies  immediately  beneath  the  integument,  parallel 
with  the  dorsal  vein  and  the  corresponding  artery  of  the  opposite  side.  It  supplies 
the  integument  and  fibrous  sheath  of  the  corpus  cavernosum,  sending  branches 
through  the  sheath  to  anastomose  with  the  preceding  vessel. 

The  Internal  Pndic  Artery  in  the  Female  is  smaller  than  in  the  male.  Its 
origin  and  course  are  similar,  and  there  is  considerable  analogy  in  the  distribution 
of  its  branches.  The  superficial  artery  supplies  the  labia  pudendi ;  the  artery  of 
the  bulb  supplies  the  bulbi  vestibuli  and  the  erectile  tissue  of  the  vagina;  the 
artery  of  the  corpus  cavernosum  supplies  the  cavernous  body  of  the  clitoris ;  and 
the  arteria  dorsalis  clitoridis  supplies  the  dorsum  of  that  organ,  and  terminates  in 
the  glans  and  in  the  membranous  fold  corresponding  to  the  prepuce  of  the  male. 
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The  Bcifttic  Artery  (Fig.  375),  the  larger  of  the  two  terminal  braaches  of  the 
anterior  trunk  of  the  internal  iliac,  is  distributed  to  the  muscles  at  the  back  of  the 
pelvis.  It  pa-sses  down  to  the  lower  part  of  the  great  sacro-sciatic  foramen  behind 
the  internal  pudic  artery,  resting  on  the  sacral  plexus  of  nerves  and  Fyriformis 
muscle,  and  escapes  from  the  pelvis  through  this  foramen  between  the  Pyrifomiis 
nnd  Coccygeus.    It  then  descends  in  the  interval  between  the  trochanter  major  and 

tuberosity  of  the  ischium,  ac- 
companied by  the  sciatic  nerves, 
and  covered  by  the  Gluteus 
maximus.  and  is  continued  down 
the  back  of  the  thigh  supplying 
the  skin,  and  anastomo.sing  wiih 
branches  of  the  perforating  ane- 

WitMn  the  pelvig  it  distrib- 
utes branches  to  the  I'yrifonnis, 
Coccygeus,    and    Levator    .ini 
muscles ;    some    hsemorrhoidnl 
branches,     which    sup|dy    the 
rectum,  and   occasionally   take 
the  place  of  the  middle  hiemor- 
rhoidal     artery;     nnd     vesical 
(w"       blanches  to  the  base  and  neck 
(„        of  the  bladder,   vesiculae  semi- 
nales,  and  prostate  gland.     Hr- 
ternal  to  the  pelvis  it  gives  off 
oinj.     the  following  branches: 

Coccvgeal. 
Inferior  Gluteal. 
Comes  Nervi  Ischiadic!. 
■""*■  Muscular. 

Articular. 
ling.  The  coccygeal  branch    runs 

inward,  pierces  the  great  sacro- 
scialic   ligament,  and   supplies 
™"-^     the  Gluteus  maximus,  the  in- 
tegument, and  other  structures 
on  the  back  of  the  coccyx, 
Tb  e  inferior  gltiteal  bnuictaeB, 
ijar.     three  or  four  in  number,  supply 
the  Gluteus   maximus   muscle, 
anastomosing  with   the  gluteal 
artery  in  the  substance  of  the 
™^      muscle. 

The  comes   nervi  ischiadici 

is  a  long,  slender  vessel  which 

^r,     accompanies    the   great    sciatic 

nerve  for  a  short  distance;   it 

then  penetrates  it  and  runs  in 

ngioni  '"■~'^'  ''"''*"  "'■  "'*  "'"'*"  ""'  I"""'"  r™""'     its  substance  to  the  lower  part 

of  the  thigh. 
The  muscular  branches  supply  the  muscles  on  the  back  part  of  the  hip,  anas- 
tomosing with  the  gluteal,  external  branch  of  the  obturator,  internal  and  exter- 
nal circumflex,  and   superior  perforating  arteries. 

Some  articnlar  branches  are  distributed  to  the  capsule  of  the  hip-joint. 

The  riio-luMbar  Artery,  given  off  frrmi  the  posterior  trunk  of  the  internal 
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iliac,  turns  upward  and  outward  between  the  obturator  nerve  and  lumbo-sacral 
cord,  to  the  inner  margin  of  the  Psoas  muscle,  behind  which  it  divides  into  a  lum- 
bar and  an  iliac  branch. 

The  lumbar  branch  supplies  the  Psoas  and  Quadratus  lumborum  muscles, 
anastomosing  with  the  last  lumbar  artery,  and  sends  a  small  spinal  branch  through 
the  intervertebral  foramen,  between  the  last  lumbar  vertebra  and  the  sacrum,  into 
the  spinal  canal,  to  supply  the  spinal  cord  and  its  membranes. 

The  iliac  branch  descends  to  supply  the  Iliacus  muscle ;  some  offsets,  running 
between  the  muscle  and  the  bone,  anastomose  with  the  iliac  branch  of  the 
obturator ;  one  of  these  enters  an  oblique  canal  to  supply  the  diploe,  whilst  others 
run  along  the  crest  of  the  ilium,  distributing  branches  to  the  Gluteal  and  Abdom- 
inal muscles,  and  anastomose  in  their  course  with  the  gluteal,  circumflex  iliac, 
and  external  circumflex  arteries. 

The  Lateral  Sacral  Arteries  (Fig.  372)  are  usually  two  in  number  on  each  side, 
superior  and  inferior. 

The  snperior,  which  is  of  large  size,  passes  inward,  and,  after  anastomosing 
with  branches  from  the  middle  sacral,  enters  the  first  or  second  sacral  foramen,  is 
distributed  to  the  contents  of  the  sacral  canal  in  the  same  manner  as  the  lateral 
spinal  branches  from  the  vertebral,  and,  escaping  by  the  corresponding  posterior 
sacral  foramen,  supplies  the  skin  and  muscles  on  the  dorsum  of  the  sacrum,  anas- 
tomosing with  the  gluteal. 

The  inferior  passes  obli(|uely  across  the  front  of  the  Pyriformis  muscle  and 
sacral  nerves  to  the  inner  side  of  the  anterior  sacral  foramina,  descends  on  the 
front  of  the  sacrum,  and  anastomoses  over  the  coccyx  with  the  sacra  media  and 
opposite  lateral  sacral  arteries.  In  its  course  it  gives  off  branches  which  enter 
the  anterior  sacral  foramina;  these,  after  giving  off  branches  to  be  distributed  to 
the  contents  of  the  sacral  canal  in  the  same  manner  as  the  lateral  spinal  branches 
from  the  vertebral,  escape  by  the  posterior  sacral  foramina,  and  are  distributed  to 
the  muscles  and  skin  on  the  dorsal  surface  of  the  sacrum,  anastomosing  with  the 
gluteal. 

The  Gluteal  Artery  is  the  largest  branch  of  the  internal  iliac,  and  appears  to 
be  the  continuation  of  the  posterior  division  of  that  vessel.  It  is  a  short,  thick 
trunk,  which  passes  out  of  the  pelvis  above  the  upper  border  of  the  Pyriformis 
muscle,  and  immediately  divides  into  a  superficial  and  deep  branch.  W  ithin  the 
pelvis  it  gives  off  a  few  muscular  branches  to  the  Iliacus,  Pyriformis,  and  Obtu- 
rator internus,  and,  just  previous  to  quitting  that  cavity,  a  nutrient  artery,  which 
enters  the  ilium. 

The  superficial  branch  passes  beneath  the  Gluteus  maximus  and  divides  into 
numerous  branches,  some  of  which  supply  that  muscle,  whilst  others  perforate  its 
tendinous  origin,  and  supply  the  integument  covering  the  posterior  surface  of  the 
sacrum,  anastomosing  with  the  posterior  branches  of  the  sacral  arteries. 

The  deep  branch  runs  between  the  Gluteus  medius  and  minimus,  and  sub- 
divides into  two.  Of  these,  the  superior  division,  continuing  the  original  course 
of  the  vessel,  passes  along  the  upper  border  of  the  Gluteus  minimus  to  the 
anterior  superior  spine  of  the  ilium,  anastomosing  with  the  circumflex  iliac  and 
ascending  branches  of  the  external  circumflex  artery.  The  inferior  division 
crosses  the  Gluteus  minimus  obliquely  to  the  trochanter  major,  distributing 
branches  to  the  Glutei  muscles,  and  inosculates  with  the  external  circumflex 
artery.     Some  branches  pierce  the  Gluteus  minimus  to  supply  the  hip-joint. 

SorfiSLce  Marking. — ^The  position  of  the  three  main  branches  of  the  internal  iliac,  the 
sciatic  internal  pudic,  and  gluteal,  which  may  oecasionally  be  the  object  of  surgical  interference, 
is  indicated  on  tne  surface  in  the  following  wav :  A  line  is  to  be  drawn  from  the  posterior  supe- 
rior iliac  spine  to  the  posterior  superior  angle  of  the  great  trochanter,  with  the  limb  slightly 
flexed  and  rotated  inward :  the  point  of  emergence  of  the  gluteal  artetn/  from  the  upper  part  of 
the  sciatic  notch  will  correspond  with  the  junction  of  the  upper  with  the  middle  third  of  this 
line.  A  second  line  is  to  be  drawn  from  the  same  point  to  the  middle  of  the  tuberosity  of  the 
ischium ;  the  junction  of  the  lower  with  the  middle  third  marks  the  point  of  emergence  of  the 
tciatic  and  pudic  arteries  from  the  great  sciatic  notch. 
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Surgical  Anatomy. — Any  of  these  three  vessels  may  require  ligaturing  for  a  wound  or  for 
aneurism,  which  is  generally  traumatic,  and  the  operation  may  be  performed  by  an  incision, 
three  or  four  inches  long,  in  the  direction  of  the  fibres  of  the  Gluteus  maximus  muscle,  the 
middle  of  the  cut  corresponding  to  the  point  indicating  their  respective  positions. 

The  External  Iliac  Artery  (Fig.  372). 

The  external  iliac  artery  is  larger  in  the  adult  than  the  internal  iliac,  and 
passes  obliquely  downward  and  outward  along  the  inner  border  of  the  Psoas 
muscle,  from  the  bifurcation  of  the  common  iliac  to  Poupart's  ligament,  where  it 
enters  the  thigh  and  becomes  the  femoral  artery. 

Belations. — In  fronts  with  the  peritoneum,  subperitoneal  areolar  tissue,  the 
intestines,  and  a  thin  layer  of  fascia  derived  from  the  iliac  fascia,  which  surrounds 
the  artery  and  vein.  At  its  origin  it  is  occasionally  crossed  by  the  ureter.  The 
spermatic  vessels  descend  for  some  distance  upon  it  near  its  termination,  and  it  is 
crossed  in  this  situation  by  the  genital  branch  of  the  genito-crural  nerve  and  the 
circumflex  iliac  vein  ;  the  vas  deferens  curves  down  along  its  inner  side.  Behind^ 
it  is  in  relation  with  the  external  iliac  vein,  which,  at  Poupart's  ligament,  lies  at 
its  inner  side ;  on  the  left  side  the  vein  is  altogether  internal  to  the  artery. 
Externally^  it  rests  against  the  Psoas  muscle,  from  which  it  is  separated  by  the 
iliac  fascia.  The  artery  rests  upon  this  muscle,  near  Poupart's  ligament.  Numer- 
ous lymphatic  vessels  and  glands  are  found  lying  on  the  front  and  inner  side  of 
the  vessel. 

Plan  of  the  Relations  of  the  External  Iliac  Artery. 

In  front 

Peritoneum,  intestines,  and  fascia. 
Near  f  Spermatic  vessels. 

Poupart's      "j  Genito-crural  nerve  (genital  branch). 
Ligament.      ( Circumflex  iliac  vein. 

Lymphatic  vessels  and  glands. 


Outer  nde.  f  \  Inner  tide. 

Psoas  magnus.  I       lu^       I         External  iliac  vein  and  vu 

niac  fascia.  \  /  at  femoral  arch. 


Behind. 

External  iliac  vein. 
Psoas  magnus. 

Surflekce  Marking.— The  surface  line  indicating  the  course  of  the  external  iliac  artery  has 

been  already  given  (see  page  621). 

Surgical  Anatomy. — The  application  of  a  ligature  to  the  external  iliac  may  be  required  in 
cases  of  aneurism  of  the  femoral  artery  or  for  a  wound  of  the  artery.  This  vessel  may  be 
secured  in  any  part  of  its  course,  excepting  near  its  upper  end,  which  is  to  be  avoided  on 
account  of  the  proximity  of  the  great  stream  of  blood  in  the  internal  iliac,  and  near  its  lower 
end,  which  should  also  be  avoided,  on  account  of  the  proximitv  of  the  epigastric  and  circumflex 
iliac  vessels.  One  of  the  chief  points  in  the  performance  of  the  operation  is  to  secure  the  ves- 
sel without  injur>'  to  the  peritoneum.  The  patient  having  been  placed  in  the  recumbent  posi- 
tion, an  incision  should  be  made,  commencing  below  at  a  point  about  three-quarters  of  an  inch 
above  Poupart's  ligament,  and  a  little  external  to  its  middle,  and  running  upward  and  outward, 
parallel  to  Toupart's  ligament,  to  a  point  above  the  anterior  superior  spine  of  the  ilium.  ^  When 
the  artery  is  deeply  seated  more  room  will  be  reouired,  and  may  be  obtained  by  curving  the 
incision  from  the  point  last  named  inward  toward  tne  umbilicus  for  a  short  distance,  or,  if  the 
lower  part  of  the  artery  is  to  be  reached,  the  surgeon  may  adopt  the  plan  advocated  by  Sir 
Astley  Cooper,  by  making  an  incision  close  to  Poupart's  ligament  from  about  half  an  inch  out- 
side of  the  external  abdominal  ring  to  one  inch  internal  to  the  anterior  superior  spine  of  the 
ilium.  This  incision,  being  made  in  the  course  of  the  fibres  of  the  aponeurosis  of  the  external 
oblique,  is  less  likely  to  be  followed  by  a  ventral  hernia,  but  there  is  danger  of  wounding  the 
epigastric  arter^^  Abernethy,  who  first  tied  this  artery,  made  his  incision  m  the  course  of  the 
vessel.  The  abdominal  muscles  and  transversalis  fascia  having  been  cautiously  divided,  the  peri- 
toneum should  be  separated  from  the  iliac  fos.sa  and  raised  toward  the  pelvis ;  and  on  introducini^ 
the  finger  to  the  bottom  of  the  wound  the  artery  may  be  felt  pulsating  along  the  inner  border  of 
the  Psoas  muscle.     The  external  iliac  vein  is  generally  found  on  the  inner  side  of  the  artery, 
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tnd  must  be  cautiously  separated  from  it  by  the  finger-nail  or  handle  of  the  knife,  and  the  aneu- 
rism needle  should  be  introduced  on  the  inner  side,  between  the  arter>^  and  the  vein. 

Ligature  of  the  external  iliac  artery  has  recently  been  performed  in  three  or  more  cases  by 
a  transperitoneal  method.  An  incision  four  inches  in  length  is  made  in  the  seroilunar  line,  com- 
mencing about  an  inch  below  the  umbilicus  and  carried  through  the  abdominal  wall  into  the 
peritoneal  cavity.  The  intestines  are  then  pushed  upward  and  held  out  of  the  way  by  a  broad 
abdominal  retractor,  and  an  incision  made  through  the  peritoneum  at  the  margin  of  the  pelvis 
in  the  course  of  the  artery,  and  the  vessel  secured  in  any  part  of  its  course  which  may  seem 
desirable  to  the  operator.  The  advantages  of  this  operation  appear  to  be  that  if  it  is  found 
oeoessaiy  the  common  iliac  artery  can  be  ligatured  instead  of  the  external  iliac  without  extension 
or  modification  of  the  incision ;  and  secondly,  that  the  vessel  can  be  ligatured  without  in  any 
way  interfering  with  the  coverings  of  the  sac.  Possibly  a  disadvantage  may  exist  in  the  greater 
risk  of  hernia  after  this  method. 

OoUateral  Oirculation. — The  principal  anastomoses  in  carrying  on  the  collateral  circulation, 
after  the  application  of  a  ligature  to  the  external  iliac,  are — the  ilio-lumbar  with  the  circumflex 
iliac ;  the  gluteal  with  the  external  circumflex  ;  the  obturator  with  the  internal  circumflex ;  the 
sciatic  with  the  superior  perforating  and  circumflex  branches  of  the  profunda  artery ;  and  the 
internal  pudic  with  the  external  pudic.  When  the  obturator  arises  from  the  epigastric,  it  is 
supplied  with  blood  by  branches,  either  from  the  internal  iliac,  the  lateral  sacral,  or  the  inter- 
nal pudic.  The  epigastric  receives  its  supplv  from  the  internal  mammary  and  inferior 
intercostal  arteries,  and  from  the  internal  iliac  by  the  anastomoses  of  its  branches  with  the 
obturator. 

In  the  dissection  of  a  limb  eighteen  years  after  the  successftil  ligature  of  the  external  iliao 
artery  by  Sir  A.  Cooper,  which  is  to  be  found  in  Guy's  Hospital  Reports^  vol.  i.  p.  50,  the 
anastomosing  branches  are  described  in  three  sets:  An  anterior  set. — 1,  a  verj' large  branch 
from  the  ilio-lumbar  artery  to  the  circumflex  iliac;  2,  another  branch  from  the  ilio-lumbar, 
joined  by  one  from  the  obturator,  and  breaking  up  into  numerous  tortuous  branches  to  anastomose 
with  the  external  circumflex ;  3,  two  other  branches  ftom  the  obturator,  which  passed  over  the 
brim  of  the  pelvis,  communicated  with  the  epigastric,  and  then  broke  up  into  a  plexus  to  anas- 
tomose with  the  internal  circumflex.  An  internal  set. — Branches  given  off"  from  the  obturator, 
after  <]uitting  the  pelvis,  which  ramified  among  the  adductor  muscles  on  the  inner  side  of  the 
hip-jomt,  and  joined  most  freely  with  branches  of  the  internal  circumflex.  A  posterior  set. — 
1,  three  large  branches  from  the  gluteal  to  the  external  circumflex ;  2,  several  branches  from  the 
sciatic  around  the  great  sciatic  notch  to  the  internal  and  external  circumflex,  and  the  perforating 
branches  of  the  profunda. 

Branches. — Besides  several  small  branches  to  the  Psoas  muscle  and  the  neigh- 
boring lymphatic  glands,  the  external  iliac  gives  off  two  branches  of  considerable 
size — the 

Deep  Epigastric  and  Deep  Circumflex  Iliac. 

The  Deep  Epigastric  Artery  arises  from  the  external  iliac  a  few  lines  above 
Poupart's  ligament.  It  at  first  descends  to  reach  this  ligament,  and  then  ascends 
obliquely  along  the  inner  margin  of  the  internal  abdominal  ring,  lying  between 
the  transversalis  fascia  and  peritoneum,  and,  continuing  its  course  upward,  it 
pierces  the  transversalis  fascia,  and,  passing  over  the  semilunar  fold  of  Douglas, 
enters  the  sheath  of  the  Rectus  muscle.  It  then  ascends  on  the  posterior  surface 
of  the  muscle,  and  finally  divides  into  numerous  branches,  which  anastomose, 
above  the  umbilicus,  with  the  terminal  branches  of  the  internal  mammary  and 
inferior  intercostal  arteries.  The  deep  epigastric  artery  bears  a  very  important 
relation  to  the  internal  abdominal  ring  as  it  passes  obliquely  upward  and  inward 
from  its  origin  from  the  external  iliac.  In  this  part  of  its  course  it  lies  along  the 
lower  and  inner  margin  of  the  ring  and  beneath  the  commencement  of  the  sper- 
matic cord.  As  it  winds  round  the  internal  abdominal  ring  it  is  crossed  by  the  vas 
deferens  in  the  male  and  the  round  ligament  in  the  female. 

Bnmches. — The  branches  of  this  vessel  are  the  following :  The  cremasteric^ 
which  accompanies  the  spermatic  cord,  and  supplies  the  C remaster  muscle  and 
other  coverings  of  the  cord,  anastomosing  with  the  spermatic  artery ;  a  pubic 
hranchy  w^hich  runs  along  Poupart's  ligament,  and  then  descends  behind  the  pubes 
to  the  inner  side  of  the  femoral  ring,  »and  anastomoses  with  offsets  from  the 
obturator  artery  ;  muscular  branches.,  some  of  which  are  distributed  to  the  abdominal 
muscles  and  peritoneum,  anastomosing  with  the  lumbar  and  circumflex  iliac  arteries; 
others  perforate  the  tendon  of  the  External  oblique,  and  supply  the  integument, 
anastomosing  with  branches  of  the  superficial  epigastric. 
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Pecnliarities. — The  origin  of  the  epigastric  may  take  place  from  any  part  of  the  external 
iliac  between  Poupart's  ligament  and  two  mches  and  a  half  above  it,  or  it  may  arise  below  this 
ligament,  from  the  femoral  or  from  the  deep  femoral. 

Union  with  Branches. — It  frequently  arises  from  the  external  iliac  by  a  common  trunk 
with  the  obturator.  Sometimes  the  epigastric  arises  from  the  obturator,  the  latter  vessel  beins 
furnished  by  the  internal  iliac,  or  the  epigastric  may  be  formed  of  two  branches,  one  derived 
from  the  external  iliac,  the  other  from  the  mtemal  iliac. 

Surgical  Anatomy.— The  deep  epigastric  artery  follows  a  line  drawn  irom  the  middle  of 
Pou part's  ligament  toward  the  umbilicus;  but  shortly  after  this  line  crosses  the linea semilunaris 
the  direction  changes,  and  the  course  of  the  vessel  is  directly  upward  in  the  line  of  junction  of 
the  inner  third  with  the  outer  two-thirds  of  the  Rectus  muscle.  It  has  important  surgical 
relations,  in  addition  to  the  fact  that  it  is  one  of  the  principal  means,  through  its  anastomosis 
with  the  internal  mammary,  in  establishing  the  collateral  circulation  after  ligature  of  either  the 
common  or  external  iliac  arteries.  It  lies  close  to  the  internal  abdominal  ring,  and  is  therefore 
internat.  to  an  oblique  inguinal  hernia,  but  external  to  a  direct  inguinal  hernia,  as  it  emerges 
from  the  abdomen.  It  forms  the  outer  boundary  of  Hesselbach's  triangle.  It  is  in  close  rela- 
tionship with  the  spermatic  cord,  which  lies  in  front  of  it  in  the  inguinal  canal,  separated  only 
by  the  trans versalis  fascia.     The  vas  deferens  hooks  round  its  outer  side. 

The  Deep  Oircumflez  Hiac  Artery  arises  from  the  outer  side  of  the  external 
iliac  nearly  opposite  the  epigastric  artery.  It  ascends  obliquely  outward  behind 
Poupart's  ligament,  contained  in  a  fibrous  sheath  formed  by  the  junction  of  the 
transversalis  and  iliac  fasciae,  to  the  anterior  superior  spinous  process  of  the  ilium. 
It  then  runs  along  the  inner  surface  of  the  crest  of  the  ilium  to  about  its  middle, 
where  it  pierces  the  Transversalis,  and  runs  backward  between  that  muscle  and 
the  Internal  oblique,  to  anastomose  with  the  ilio-lumbar  and  gluteal  arteries. 
Opposite  the  anterior  superior  spine  of  the  ilium  it  gives  off  a  large  branch,  which 
ascends  between  the  Internal  oblique  and  Transversalis  muscles,  supplying  them, 
and  anastomosing  with  the  lumbar  and  epigastric  arteries. 

ARTERIES  OF  THE  LOWER  EXTREMITY. 
The  Femoral  Artery  (Fig.  376). 

The  femoral  artery  is  the  continuation  of  the  external  iliac.  It  commences 
immediately  behind  Poupart's  ligament,  midway  between  the  anterior  superior 
spine  of  the  ilium  and  the  symphysis  pubis,  and,  passing  down  the  fore  part  and 
inner  side  of  the  thigh,  terminates  at  the  opening  in  the  Adductor  magnus,  at  the 
junction  of  the  middle  with  the  lower  third  of  the  thigh,  where  it  becomes  the 
popliteal  artery.  The  vessel,  at  the  upper  part  of  thigh,  lies  a  little  internal  to 
the  head  of  the  femur ;  in  the  lower  part  of  its  course,  on  the  inner  side  of  the 
shaft  of  the  bone,  and  between  these  two  parts  the  vessel  is  far  away  from  the  bone. 
In  the  upper  third  of  the  thigh  it  is  contained  in  a  triangular  space  called  Scarpa's 
triangle.  In  the  middle  third  of  the  thigh  it  is  contained  in  an  aponeurotic  canal 
called  Hunter's  canal. 

Scarpa's  Triangle. — Scarpa's  triangle  corresponds  to  the  depression  seen 
immediately  below  the  fold  of  the  groin.  It  is  a  triangular  space,  the  apex  of 
which  is  directed  downward,  and  the  sides  formed  externally  bv  the  Sartorius, 
internally  by  the  Adductor  longus,  and  above  by  Poupart's  ligament.  The  floor  of 
the  space  is  formed  from  without  inward  by  the  Iliacus,  Psoas,  Pectineus,  a  small 
part  of  the  Adductor  brevis  and  the  Adductor  longus  muscles  ;  and  it  is  divided 
into  tw  o  nearly  equal  parts  by  the  femoral  vessels,  which  extend  from  the  middle  of 
its  base  to  its  apex,  the  artery  giving  off  in  this  situation  its  cutaneous  and 
profunda  branches,  the  vein  receiving  the  deep  femoral  and  internal  saphenous. 
On  the  outer  side  of  the  femoral  artery  is  the  anterior  crural  nerve  dividing  into 
its  branches.  Besides  the  vessels  and  nerves,  this  space  contains  some  fat  and 
lymphatics. 

Hunter's  Canal. — This  is  the  aponeurotic  space  in  the  middle  third  of  the 
thigh,  extending  from  the  apex  of  Scarpa's  triangle  to  the  femoral  opening  in  the 
Adductor  magnus  muscle.  It  is  bounded,  externally,  by  the  Vastus  intemus ; 
internally,  by  the  Adductor  longus  and  magnus  muscles ;  and  covered  in  by  a 
strong  aponeurosis  which  extends  transversely  from   the  Vastus  internus,  across 
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the  femoral  vessels  to  the  Adductor  longus  and  magaus  muscles,  lying  on  which 
aponeurosis  is  the  Sartorius  muscle.  It  contaios  the  femoral  artery  and  vein 
enclosed  in  their  own  sheath  of  areolar  tissue,  the  vein  being  behind  and  on  the 
outer  aide  of  the  artery,  and  the  internal  or  long  saphenous  nerve  lying  on  the 
outer  side  of  the  vessels. 

For  convenience  of  description,  and  also  in  reference  to  its  surgical  anatomy, 
the  femoral  artery  is  divided  into 
a  short  trunk,  about  an  inch  and 
a  half  or  two  inches  long,  which 
is  known  as  the  common  femoral 
arteri/,  and  the  remainder  of  the 
vessel,  which  is  known  as  the 
mperHeial femoral,  to  distinguish 
it  from  the  deep  femoral  (pro- 
funda femoris),  which  is  a  large 
branch  given  off  from  the  com- 
mon femoral  at  its  termination, 
and  which  by  its  derivation  from 
the  }iarent  trunk  marks  the  com- 
mencement of  the  superficial  fem- 
oral artery. 

The  cummon  femoral  artery  is 
very   superficial,    being    covered  i„^ 

by  the  skin  and  superficial 
fascia,  superficial  inguinal  lym- 
phatic glands,  the  iliac  portion 
of  the  fascia  lata,  and  the  prolon- 
gation downward  of  the  Ti'ans- 
versalis  fascia,  which  forms  the 
sheath  of  the  vessels.  It  has  in 
front  of  it  filaments  from  the 
crural    branch     of    the    genito- 

crural  nerve,  the  superficial  cir-  „„^ 

cumflex  iliac  vein,  and  occa- 
sionally tho  superficial  epigastric  m 
vein.  It  rests  on  the  inner  mar- 
gin of  the  Psoas  muscle,  which 
separates  it  fi-oin  the  capsular 
ligament  of  tbe  hip-joint,  and  a 
little  lower  on  the  Peetineus 
muscle;  and  crossing  behind  it 
is  the   branch   to  the  Peetineus 

from   the   anterior    crural   nerve.  '"^ 

Separating   the    artery   from   the  atmial 

Psoas   and    Peetineus  muscles   is  ir. 

the  pubic   portion   of  the  fascia 
lata  and    the    prolongation    from       j„r 
tbe  fascia   covering    the   Iliacus 

muscle,   which   forms  the   poste-  ™"' 

rior  layer  of   ibe  sheath  of  the     ^^ 
vessels.       The     anterior     crural        re 

nerve  lies    about    half  an    inch    to  r.G,^6.-Surglcal  anatomy  of  the  femoral  art«ry. 

the  outer   side   of    the   common 

femoral  artery,  lying  between  tbe  Psoas  and  Iliacus  muscles.  To  tbe  inner  side 
of  the  artery  is  the  femoral  vein,  between  the  margins  of  the  Peetineus  and  Psoas 
muscles.  The  two  vessels  are  enclosed  in  a  strong  fibrous  sheath  formed  by  the 
proper  sheath  of  the  vessels  atrengtbencd  by  the  fascia  lata  (see  page  509) ;  the 
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artery  and  vein  are  separated,  however,  from  one  another  by  a  thin  fibroiL« 
partition. 

Plan  of  Relations  of  the  Common  Femoral  Artery. 

In  front 

Skin  and  superficial  fascia. 
Superficial  inguinal  glands. 
Iliac  portion  of  fascia  lata. 
Prolongation  of  trans versalis  fascia. 
Crural  branch  of  genito-crural  nerve. 
Superficial  circumflex  iliac  vein. 
Superficial  epigastric  vein. 


Inner  Side.  Femoral  Outer  aide. 

Femoral  vein.  \        ^^^'     j  Anterior  crural  nerve 

Behind. 

Prolongation  of  fascia  covering  Iliacus  muscle. 

Pubic  portion  of  fascia  lata. 

Nerve  to  Pectineus. 

Psoas  muscle. 

Pectineus  muscle. 

Capsule  of  hip-joint. 

The  superficial  femoral  artery  is  only  superficial  where  it  lies  in  Scarpa's  tri- 
angle. Here  it  is  covered  by  the  skin,  superficial  and  deep  fascia,  and  crossed 
by  the  internal  cutaneous  branch  of  the  anterior  crural  nerve.  In  Hunter's  canal 
it  is  more  deeply  seated,  being  covered  by  the  integument,  the  superficial  and 
deep  fascia,  the  Sartorius  and  aponeurotic  covering  of  Hunter's  canal.  The 
internal  saphenous  nerve  crosses  the  artery  from  vvithout  inward.  Behind,  the 
artery  lies  at  its  upper  part  on  the  femoral  vein  and  the  profunda  artery  and 
vein,  which  separate  it  from  the  Pectineus  muscle,  and  lower  down  on  the  Adduc- 
tor longus  and  Adductor  magnus  muscles.  To  the  outer  side  is  the  long  saphe- 
nous nerve  and  the  nerve  to  the  Vastus  internus,  the  Vastus  intemus  muscle, 
and,  at  its  lower  part,  the  femoral  vein.  To  the  inner  side  is  the  Adductor 
longus  above  and  the  Adductor  magnus    and  Sartorius  below. 

Plan  of  Relations  of  the  Superficial  Femoral  Artery. 

In  front. 

Skin,  superficial  and  deep  fascias. 

Internal  cutaneous  nerve. 

Sartorius. 

Aponeurotic  covering  of  Hunter's  canal. 

Internal  saphenous  nerve. 


Inner  side.  /  \  Outer  side. 

Adductor  longus.  /      pl^om?     \  Long  saphenous  nerve. 

Adductor  magnus.  \      Artery.      /  Nerve  to  vastus  internus. 

Sartorius.  \  /'  Vastus  intemus. 

V , ^y  Femoral  vein  (below). 

Beliind. 

Femoral  vein. 
Profunda  artery  and  vein. 
Pectineus  muscle. 
Adductor  longus. 
Adductor  magnus. 

^he  femoral  vein^  at  Poupart's  ligament,  lies  close  *  to  the  inner  side  of  the 
artery,  separated  from  it  by  a  thin  fibrous  partition ;  but  lower  down  it  is  behind 
it,  and  then  to  its  outer  side. 

The  inte'rnal  saphenous  nerve  x^  9\tVL2bieA.  on  the  outer  side  of  the  artery,  in  the 
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middle  third  of  the  thigh,  beneath  the  aponeurotic  covering  of  Hunter's  canal,  but 
not  usually  within  the  sheath  of  the  vessels.  The  internal  cutaneous  nerve  passes 
obliquely  across  the  upper  part  of  the  sheath  of  the  femoral  artery. 

Peculiarities.—Donble  Femoral  reunited.— Several  cases  are  recorded  in  which  the  femoral 
arteiy  divided  into  two  trunks  below  the  origin  of  the  profunda,  and  became  reunited  near  the 
opening  in  the  Adductor  magnus  so  as  to  form  a  single  popliteal  artery.  One  of  them  occurred 
in  a  patient  operated  upon  for  ^pliteal  aneurism. 

Change  of  Position. — A  few  cases  have  been  recorded  in  which  the  femoral  artery  was 
situated  at  the  back  of  the  thigh,  the  vessel  being  continuous  above  with  the  internal  iliac, 
escaping  from  the  pelvis  through  the  mreat  sacrq-sciatic  foramen,  and  accompanying  the  great 
sciatic  nerve  to  the  popliteal  space,  where  its  division  occurred  in  the  usual  manner.  The 
external  iliac  in  these  cases  was  small,  and  terminated  in  the  profunda. 

Position  of  the  Vein. — ^The  femoral  vein  is  occasionallj^  placed  along  the  inner  side  of  the 
artery,  throughout  the  entire  extent  of  Scarpa's  triangle,  or  it  may  be  slit  so  that  a  large  vein  is 
placed  on  each  side  of  the  artery  lor  a  greater  or  less  extent. 

Origin  of  the  Proftmda. — ^is  vessel  occasionally  arises  from  the  inner  side,  and,  more 
rarely,  from  the  back  of  the  common  trunk ;  but  the  more  important  peculiarity,  in  a  surgical 
point  of  view,  is  that  which  relates  to  the  height  at  which  the  vessel  arises  from  the  femoral.  In 
three-fourths  of  a  large  number  of  cases  it  arose  between  one  or  two  inches  below  Poupart's 
ligament ;  in  a  few  cases  the  distance  was  less  than  an  inch  ;  more  rarely,  opposite  the  ligament ; 
and  in  one  case,  above  Poupart's  ligament,  from  the  external  iliac.  Occasionally,  the  distance 
between  the  origin  of  the  vessel  and  Poupart's  ligament  exceeds  two  inches,  and  in  one  case  it 
was  found  to  be  as  much  as  four  inches. 

Surface  Marking.— The  upper  two-thirds  of  a  line  drawn  from  a  point  midway  between 
the  anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis  to  the  prominent  tuberosity  on 
the  inner  condyle  of  the  femur,  with  the  thigh  abducted  and  rotated  outward,  will  indicate  the 
course  of  the  femoral  artery. 

Surgical  Anatomy. — Compression  of  the  femoral  arteiy,  which  is  constantly  requisite  in 
amputations  and  other  operations  on  the  lower  limb,  and  also  lor  the  cure  of  popliteal  aneurisms, 
is  most  effectually  made  immediately  below  Poupart's  ligament.  In  this  situation  the  artery  is 
very  superficial,  and  is  merely  separated  from  the  horizontal  ramus  of  the  os  pubis  by  the  Psoas 
muscle  ;  so  that  the  surgeon,  by  means  of  his  thumb  or  a  compressor,  may  effectually  control  the 
circulation  through  it.  This  vessel  may  also  be  compressed  in  the  middle  third  of  the  thigh  by 
placing  a  compress  over  the  artery,  beneath  the  tourniquet,  and  directing  the  pressure  from 
within  outward,  so  as  to  compress  the  vessel  against  the  mner  side  of  the  shaft  of  the  femur. 

The  application  of  a  ligatnre  to  the  femoral  artery  may  be  required  in  the  cases  of 
wound  or  aneurism  of  the  arteries  of  the  leg,  of  the  popliteal  or  femoral ;  *  and  the  vessel  may 
be  exposed  and  tied  in  any  part  of  its  course.  The  great  depth  of  this  vessel  at  its  lower  part, 
its  close  connection  with  important  structures,  and  the  density  of  its  sheath  render  the  opera- 
tion in  this  situation  one  of  much  greater  difficulty  than  the  application  of  a  ligature  at  its  upper 
part,  where  it  is  more  superficial. 

Ligature  of  the  common  femoral  artery  is  usually  considered  unsafe,  on  account  of  the  con- 
nection of  large  branches  with  it — viz.  the  deep  epigastric  and  the  deep  circumflex  iliac  arising 
just  above  Poupart's  ligament ;  on  account  of  the  number  of  small  branches  which  arise  from 
it  in  its  short  course ;  and  on  account  of  the  uncertainty  of  the  origin  of  the  profunda  femoris, 
which,  if  it  arise  high  up,  would  be  too  close  to  the  ligature  for  the  formation  of  a  firm  coagu- 
lum.  The  profunda  sometimes  arises  higher  than  the  point  above  mentioned,  and  rarely  between 
two  or  three  inches  (in  one  case  four)  below  Pounart's  ligament.  It  would  appear,  then,  that 
the  most  favorable  situation  for  the  application  oi  a  ligature  to  the  femoral  is  between  four  and 
five  inches  from  its  point  of  origin,  in  order  to  expose  the  artery  in  this  situation,  an  incision 
between  two  and  three  inches  long  should  be  made  in  the  course  of  the  vessel,  the  patient  lying 
in  the  recumbent  position,  with  the  limb  slightly  flexed  and  abducted.  A  large  vein  is  freauently 
met  with,  passing  in  the  course  of  the  artery  to  join  the  saphena :  this  must  be  avoided,  and, 
the  fascia  lata  having  been  cautiously  divided  and  the  Sartorius  exposed,  that  muscle  must  be 
drawn  outward  in  order  to  fully  expose  the  sheath  of  the  vessels.  The  finger  being  introduced 
into  the  wound  and  the  pulsation  of  the  artery  felt,  the  sheath  should  be  opened  on  the  outer 
side  of  the  vessel  to  a  sufficient  extent  to  allow  of  the  introduction  of  the  ligature,  but  no  farther ; 
otherwise  the  nutrition  of  the  coats  of  the  vessel  may  be  interfered  with,  or  muscular  branches 
which  arise  from  the  vessel  at  irregular  intervals  may  be  divided.  In  this  part  of  the  operation 
the  long  saphenous  nerve  and  the  nerve  to  the  Vastus  intemus,  which  is  in  close  relation  with 
the  sheath,  should  be  avoided.  The  aneurism  needle  must  be  carefiilly  introduced  and  kept 
close  to  the  artery,  to  avoid  the  femoral  vein,  which  lies  behind  the  vessel  in  this  part  of  its 
course. 

To  expose  the  arterjr,  in  Hunter's  canal,  an  incision  should  be  made  through  the  integument, 
between  three  and  four  mches  in  length,  a  finger's  breadth  internal  to  the  line  of  the  artery,  in 
the  middle  of  the  thigh — t.  e.  midway  between  the  groin  and  the  knee.  The  fascia  lata  having 
been  divided  and  the  Sartorius  muscle  exposed,  it  should  be  drawn  inward,  when  the  strong 

^  Ligature  of  the  femoral  arteir  has  been  also  recommended  and  performed  for  elephantiasis  of 
the  leg  and  acute  inflammation  of  the  knee-joint  (Maunder,  Clin,  Soc.  jfVaru.,  vol.  ii.  p.  37). 
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faflcia  which  is  stretched  across  from  the  Adductors  to  the  Vastus  internus  will  be  exposed,  and 
must  be  freely  divided ;  the  sheath  of  the  vessels  is  now  seen,  and  must  be  opened,  and  the 
artery  secured  by  passing  the  aneurism  needle  between  the  vein  and  artery  in  the  direction  fToni 
without  inward.  The  femoral  vein  in  this  situation  lies  on  the  outer  side  of  the  artery^  the  long 
saphenous  nerve  on  its  anterior  and  outer  side. 

It  has  l)een  seen  that  the  femoral  artery  occasionally  divides  into  two  trunks  below  the  origin 
of  the  profunda.  If  in  the  operation  for  tying  the  femoral  two  vessels  are  met  with,  the  surgeon 
should  alternately  compress  each,  in  order  to  ascertain  w^hich  vessel  is  connected  with  the 
aneurismal  tumor  or  with  the  bleeding  from  the  wound,  and  that  one  only  should  be  tied  which 
controls  the  pulsation  or  haemorrhage.  If,  however,  it  is  necessary  to  compress  both  veaseb 
before  the  circulation  in  the  tumor  is  controlled,  both  should  be  tied,  as  it  would  be  probable  that 
they  became  reunited,  as  in  the  instances  referred  to  above. 

In  wounds  of  the  femoral  artery  the  (|uestion  of  the  mode  of  treatment  is  of  considerable 
importance.  If  the  wound  in  the  superficial  structures  is  a  large  one,  the  injured  vessel  must 
be  exposed  and  tied  ;  but  if  the  wound  is  a  punctured  one  and  the  bleeding  has  ceased,  the 
question  will  arise  whether  to  cut  down  upon  the  artery  or  to  trust  to  pressure.  Mr.  Cripps  ^ 
advises  that  if  the  wound  is  in  the  "  upper  part  of  the  thigh — that  is  to  say,  in  a  position  wn ere 
the  femoral  artery  is  comparatively  superficial— the  surgeon  may  enlarge  the  opening  with  a 
good  prospect  of  finding  the  wounded  vessel  without  an  extensive  or  prolonged  operation.  If 
the  wound  be  in  the  lower  half  of  the  thigh,  owing  to  the  greater  depth  of  the  artery  and  the 
possibility  of  its  bein^  the  popliteal  that  is  wounded,  the  search  is  rendered  a  far  more  severe 
and  hazardous  operation,  and  it  should  not  be  undertaken  until  a  thorough  trial  of  pressure  has 
proved  ineffectual." 

Great  care  and  attention  are  necessary  for  the  successful  application  of  pressure.  The  limb 
should  be  carefully  bandaged  from  the  foot  upward  to  the  wound,  which  is  not  covered,  and  then 
onward  to  the  groin.  The  wound  is  then  dusted  with  iodoform  or  boracic  powder  and  a  conical 
pad  applied  over  the  wound.  Rollers  the  thickness  of  the  index  finger  arc  then  placed  along 
the  course  of  the  vessel  above  and  below  the  wound,  and  the  whole  carefully  bandaged  to  a  back 
splint  with  a  foot-piece. 

Collateral  Oirculation. — When  the  common  femoral  is  tied  the  main  channels  for  carrj^ng 
on  the  circulation  are  the  anastomoses  of  the  gluteal  and  circumflex  iliac  arteries  above  with  the 
external  circumflex  below ;  of  the  obturator  and  sciatic  above  with  the  internal  circumflex  below ; 
and  of  the  comes  nervi  ischiadici  with  the  arteries  in  the  ham. 

The  principal  agents  in  carrying  on  the  collateral  circulation  after  ligature  of  the  superficial 
femoral  artery  are,  according  to  Sir  A.  Cooper,  as  follows  : 

"  The  arteria  profunda  fonned  the  new  channel  for  the  blood.'*  "The  first  artery  sent  off 
passed  down  close  to  the  back  of  the  thigh-bone,  and  entered  the  two  superior  articular  branches 
of  the  popliteal  aitery. " 

**The  second  new  large  vessel,  arising  from  the  profunda  at  the  same  part  with  the  former, 
passed  down  by  the  inner  side  of  the  Biceps  muscle  to  a  branch  of  the  popliteal  which  was  dis- 
tributed to  the  Gastrocnemius  muscle ;  whilst  a  third  artery,  dividing  into  several  branches, 
passed  down  with  the  sciatic  nerve  behind  the  knee-joint,  and  some  of  its  branches  united  them- 
selves with  the  inferior  articular  arteries  of  the  popliteal,  with  some  recurrent  branches  of  those 
arteries,  with  art^eries  passing  to  the  Gastrocnemii,  and,  lastly,  with  the  origin  of  the  anterior 
and  posterior  tibial  arteries." 

''It  appears,  then,  that  it  is  those  branches  of  the  profunda  which  accompany  the  sciatic 
nerve  that  are  the  principal  supporters  of  the  new  circulation."  ' 

In  Porta' s  worlt  ^  (tab.  xii.,  xiii. )  is  a  good  representation  of  the  collateral  circulation  after 
the  ligature  of  the  femoral  artery.  The  patient  had  survived  the  operation  three  years.  The 
lower  part  of  the  artery  is  at  least  as  large  as  the  upper ;  about  two  inches  of  the  vessel  appear 
to  have  been  obliterated.  The  external  and  internal  circumflex  arteries  are  seen  anastomosing 
by  a  great  number  of  branches  with  the  lower  branches  of  the  femoral  (muscular  and  anasto- 
motica  magna)  and  with  the  articular  branches  of  the  popliteal.  The  branches  from  the 
external  circumflex  are  extremely  large  and  numerous.  One  very  distinct  anastomosis  can  be 
traced  between  this  artery  on  the  outside  and  the  anastomotica  magna  on  the  inside  through  the 
intervention  of  the  superior  external  articular  artery,  with  which  they  both  anastomose  ;  and 
blood  reaches  even  the  anterior  tibial  recurrent  from  the  external  circumflex  by  means  of 
anastomosis  with  the  same  external  articular  artery.  The  perforating  branches  of  the  profunda 
are  also  seen  bringing  blood  round  the  obliterated  portion  of  the  artery  into  long  oranches 
(muscular)  which  have  been  given  ofi*just  below  that  portion.  The  termination  of  the  profunda 
itself  anastomoses  most  freely  with  the  superior  external  articular.  A  long  branch  of  anasto- 
mosis is  also  traced  down  from  the  internal  iliac  by  means  of  the  comes  nervi  ischiadici  of  the 
sciatic,  which  anastomoses  on  the  popliteal  ner^^es  with  branches  from  the  popliteal  and  posterior 
tibial  arteries.  In  this  case  the  anastomosis  had  been  too  free,  since  the  pulsation  ana  growth 
of  the  aneurism  recurred,  and  the  patient  died  after  ligature  of  the  external  iliac. 

There  is  an  interesting  preparation  in  the  Museum  of  the  Koyal  College  of  Surgeons  of  a 
limb  on  which  John  Hunter  had  tied  the  femoral  artery  fifty  years  before  the  patient*s  death. 
The  whole  of  the  superficial  femoral  and  popliteal  artery  seems  to  have  been  obliterated.     The 

^  Heath's  Dictionary  cf  Practical  Surgery^  vol.  i.  p.  525. 

*  Med.'Chir.  Trans.,  vol.  ii.  1811.  '  Allercaioni  patalogiche  deUe  Arterie. 
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anastomosis  by  means  of  the  comes  nervi  ischiadici,  which  is  shown  in  Porta's  plate,  is  distinctly 
seen :  the  external  circumflex  and  the  termination  of  the  profunda  artery,  seem  to  have  been 
the  chief  channels  of  anastomosis ;  but  the  injection  has  not  been  a  very  successful  one. 

Branches. — The  branches  of  the  femoral  artery  are — the 

Superficial  Epigastric.  (  External  Circumflex. 

Superficial  Circumflex  Iliac.  Profunda  <  Internal  Circumflex. 

Superficial  External  Pudic.  (  Three  Perforating. 

Deep  External  Pudic.  Muscular. 

Anastomotica  Magna. 

The  superficial  epigastric  arises  from  the  femoral  about  half  an  inch  below  Pou- 
part's  ligament,  and,  passing  through  the  saphenous  opening  in  the  fascia  lata, 
ascends  on  the  abdomen,  in  the  superficial  fascia  covering  the  External  oblique 
muscle,  nearly  as  high  as  the  umbilicus.  It  distributes  branches  to  the  superficial 
inguinal  glands,  the  superficial  fascia,  and  the  integument,  anastomosing  with 
branches  of  the  deep  epigastric. 

The  superficial  circnmfiez  iliac,  the  smallest  of  the  cutaneous  branches,  arises 
close  to  the  preceding,  and,  piercing  the  fascia  lata,  runs  outward,  parallel  with 
Poupart's  ligament,  as  far  as  the  crest  of  the  ilium,  dividing  into  branches  which 
supply  the  integument  of  the  groin,  the  superficial  fascia,  and  the  superficial  ingui- 
nal lymphatic  glands,  anastomosing  with  the  circumflex  iliac  and  with  the  gluteal 
and  external  circumflex  arteries. 

The  superficial  external  pndic  (superior)  arises  from  the  inner  side  of  the  femoral 
artery,  close  to  the  preceding  vessels,  and,  after  passing  through  the  saphenous 
opening,  courses  inward,  across  the  spermatic  cord  or  round  ligament,  to  be  dis- 
tributed to  the  integument  on  the  lower  part  of  the  abdomen,  the  penis  and  scro- 
tum in  the  male,  and  the  labium  in  the  female,  anastomosing  with  branches  of  the 
internal  pudic. 

The  deep  external  pndic  (inferior),  more  deeply  seated  than  the  preceding, 
passes  inward  on  the  Pectineus  muscle,  covered  by  the  fascia  lata,  which  it  pierces 
at  the  inner  border  of  the  thigh,  its  branches  being  distributed,  in  the  male,  to  the 
integument  of  the  scrotum  and  perinaeum  ;  and  in  the  female,  to  the  labium,  anas- 
tomosing with  branches  of  the  superficial  perineal  artery. 

The  Profnnda  Femoris  {deep  femoral  artery)  nearly  equals  the  size  of  the 
superficial  femoral.  It  arises  from  the  outer  and  back  part  of  the  femoral  artery, 
from  one  to  two  inches  below  Poupart's  ligament.  It  at  first  lies  on  the  outer  side 
of  the  superficial  femoral,  and  then  passes  behind  it  and  the  femoral  vein  to  the 
inner  side  of  the  femur,  and,  passing  downward  beneath  the  Adductor  longus, 
terminates  at  the  lower  third  of  the  thigh  in  a  small  branch  which  pierces  the 
Adductor  magnus  (and  from  this  circumstance  is  sometimes  called  the  fourth 
perforating  artery),  and  is  distributed  to  the  flexor  muscles  on  the  back  of  the 
thigh,  anastomosing  with  branches  of  the  popliteal  and  inferior  perforating 
arteries. 

Belations. — Behind^  it  lies  first  upon  the  Iliacus,  and  then  on  the  Pectineus, 
Adductor  brevis,  and  Adductor  magnus  muscles,  /w/row^itis  separated  from 
the  femoral  artery,  above  by  the  femoral  and  profunda  veins,  and  below  by  the 
Adductor  longus.  On  its  outer  side  the  origin  of  the  Vastus  internus  separates  it 
from  the  femur. 
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Plan  of  the  Relations  of  the  Profunda  Artery. 

In  front 

Femoral  and  Profunda  veins. 
Adductor  longus. 

Outer  side. 
Vastus  intemus. 


Sehind. 

Iliacus. 
Pectineus. 
Adductor  brevis. 
Adductor  magnus. 

The  External  Circumflex  Artery  supplies  the  muscles  on  the  front  of  the  thiirL 
It  arises  from  the  outer  side  of  the  profunda,  passes  horizontally  outward,  bet^^tri 
the  divisions  of  the  anterior  crural  nerve  and  behind  the  Sartorius  and  Recr  h 
muscles,  and  divides  into  three  sets  of  branches — ascending,  transverse,  anl 
descending. 

The  ascending  branches  pass  upward,  beneath  the  Tensor  vaginse  femori^ 
muscle,  to  the  outer  side  of  the  hip,  anastomosing  with  the  terminal  branches  «•[ 
the  gluteal  and  circumflex  iliac  arteries. 

The  descending  branches,  three  or  four  in  number,  pass  downward,  behind  ti.^ 
Rectus,  upon  the  Vasti  muscles,  to  which  they  are  distributed,  one  or  two  pas.<iiii! 
beneath  the  Vastus  extern  us  as  far  as  the  knee,  anastomosing  with  the  superinr 
articular  branches  of  the  popliteal  artery.  These  are  accompanied  by  the  brainL 
of  the  anterior  crural  nerve  to  the  Vastus  externus. 

The  transverse  branches,  the  smallest  and  least  numerous,  pass  outward  over 
the  Crureus,  pierce  the  Vastus  externus,  and  wind  round  the  femur  to  its  ba(k 
part,  just  below  the  great  trochanter,  anastomosing  at  the  back  of  the  thigh  wiiL 
the  internal  circumflex,  sciatic,  and  superior  perforating  arteries. 

The  Internal  Oircnmflex  Artery,  smaller  than  the  external,  arises  from  the  inner 
and  back  part  of  the  profunda,  and  winds  round  the  inner  side  of  the  femur, 
between  the  Pectineus  and  Psoas  muscles.  On  reaching  the  upper  border  of  iIk' 
Adductor  brevis  it  gives  off  two  branches,  one  of  which  passes  inward  to  be  ili- 
tributed  to  the  Adductor  muscles,  the  Gracilis,  and  Obturator  externus,  anasti- 
mosing  with  the  obturator  artery ;  the  other  descends,  and  passes  beneath  tbt^ 
Adductor  brevis,  to  supply  it  and  the  great  Adductor  ;  while  the  continuation  <f 
the  vessel  passes  backward,  between  the  Quadratus  femoris  and  upper  border  tf 
the  Adductor  magnus,  anastomosing  with  the  sciatic,  external  circumflex,  aii*. 
superior  perforating  arteries  ("  the  crucial  anastomoBi%  ").  Opposite  the  hi|)-j«'iiit 
this  branch  gives  off  an  articular  vessel,  which  enters  the  joint  beneath  the  trans- 
verse ligament,  and,  after  supplying  the  adipose  tissue,  passes  along  the  roun^ 
ligament  to  the  head  of  the  bone. 

The  Perforating  Arteries  (Fig.  375),  usually  three  in  number,  are  so  called  fr'a 
their  perforating  the  tendon  of  the  Adductor  magnus  muscle  to  reach  the  back  «t 
the  thigh.  The  first  is  given  off  above  the  Adductor  brevis,  the  second  in  fn'i' 
of  that  muscle,  and  the  third  immediatelv  below  it. 

The  first  or  superior  perforating  artery  passes  backward  between  the  Pectine!> 
and  Adductor  brevis  (sometimes  perforates  the  latter) ;  it  then  pierces  the  Adduct  -r 
magnus  close  to  the  linea  aspera,  and  divides  into  branches  which  supply  tin 
Adductor  brevis,  the  Adductor  magnus,  the  Biceps,  and  Gluteus  maximus  miiscle>. 
anastomosing  with  the  sciatic,  internal  and  external  circumflex,  and  middle  jk*:- 
forating  arteries. 

The  second  or  middle  perforating  artery,  larger  than  the  first,  pierces  thr 
tendons  of  the  Adductor  brevis  and  Adductor  magnus  muscles,  and  divides  int 
ascending  and  descending  branches,  which  supply  the  flexor  muscles  of  the  tbigi.- 
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anastomosing  with  the  superior  and  inferior  perforating.  The  nutrient  artery  of  the 
femur  is  usually  given  off  from  this  branch. 

The  third  or  Inferior  perforating  artery  is  given  off  below  the  Adductor  brevis ; 
it  pierces  the  Adductor  magnus,  and  divides  into  branches  which  supply  the  flexor 
muscles  of  the  thigh,  anastomosing  above  with  the  perforating  arteries,  and  below 
with  the  terminal  branches  of  the  profunda  and  the  muscular  branches  of  the 
popliteal. 

Mnscular  branches  are  given  off  from  the  superficial  femoral  throughout  its 
entire  course.  They  vary  from  two  to  seven  in  number,  and  supply  chiefly  the 
Sartorius  and  Vastus  internus. 

The  Anastomotica  Magna  arises  from  the  femoral  artery  just  before  it  passes 
through  the  tendinous  opening  in  the  Adductor  magnus  muscle,  and  divides  into  a 
superficial  and  deep  branch. 

The  snperflcial  branch  accompanies  the  long  saphenous  nerve  beneath  the 
Sartorius,  and,  piercing  the  fascia  lata,  is  distributed  to  the  integument. 

The  deep  branch  descends  in  the  substance  of  the  Vastus  internus,  lying  in 
front  of  the  tendon  of  the  Adductor  magnus,  to  the  inner  side  of  the  knee,  where  it 
anastomoses  with  the  superior  internal  articular  artery  and  anterior  recurrent 
branch  of  the  anterior  tibial.  A  branch  from  this  vessel  crosses  outward  above 
the  articular  surface  of  the  femur,  forming  an  anastomotic  arch  with  the  superior 
external  articular  artery,  and  supplies  branches  to  the  knee-joint. 

Popliteal  Artery. 

The  popliteal  artery  commences  at  the  termination  of  the  femoral  at  the 
opening  in  the  Adductor  magnus,  and,  passing  obliquely  downward  and  outward 
behind  the  knee-joint  to  the  lower  border  of  the  Popliteus  muscle,  divides  into 
the  anterior  and  posterior  tibial  arteries,  A  portion  of  the  artery  lies  in  the 
popliteal  space ;  but  above,  to  a  slight  extent,  and  below,  to  a  considerable  extent, 
it  is  covered  by  the  muscles  which  form  the  boundaries  of  the  space,  and  is  therefore 
beyond  the  confines  of  the  hollow. 

THE  POPLITEAL  SPACE  (Fig.  377). 

Dissection. — A  vertical  incision  about  eight  inches  in  length  should  be  made  alon^  the 
back  part  of  the  knee-joint,  connected  above  and  below  by  a  transverse  incision  from  the  mner 
to  the  outer  side  of  tlie  limb.  The  flaps  of  integument  included  between  these  incisions  should 
be  reflected  in  the  direction  shown  in  Fig.  328,  page  516. 

Boundaries. — The  popliteal  space,  or  the  ham,  is  a  lozenge-shaped  space, 
widest  at  the  back  part  of  the  knee-joint  and  deepest  above  the  articular  end  of 
the  femur.  It  is  bounded  externally,  above  the  joint,  by  the  Biceps,  and,  below 
the  joint,  by  the  Plantaris  and  external  head  of  the  Gastrocnemius ;  internally, 
above  the  joint,  by  the  Semimembranosus,  Semitendinosus,  Gracilis,  and  Sartorius; 
below  the  joint,  by  the  inner  head  of  the  Gastrocnemius. 

Above,  it  is  limited  by  the  apposition  of  the  inner  and  outer  hamstring 
muscles;  below,  by  the  junction  of  the  two  heads  of  the  Gastrocnemius. 
The  floor  is  formed  by  the  lower  part  of  the  posterior  surface  of  the  shaft  of 
the  femur,  the  posterior  ligament  of  the  knee-joint,  the  upper  end  of  the  tibia, 
and  the  fascia  covering  the  Popliteus  muscle,  and  the  space  is  covered  in  by  the 
fascia  lata. 

Contents. — It  contains  the  popliteal  vessels  and  their  branches,  together  with 
the  termination  of  the  external  saphenous  vein,  the  internal  and  external  popliteal 
nerves  and  some  of  their  branches,  the  lower  extremitv  of  the  small  sciatic  nerve, 
the  articular  branch  from  the  obturator  nerve,  a  few  small  lymphatic  glands,  and 
a  considerable  quantity  of  loose  adipose  tissue. 

Position  of  Contained  Parts. — The  internal  popliteal  nerve  descends  in  the 
middle  line  of  the  space,  lying  superficial  and  crossing  the  artery  from  without 
inward.     The  external  popliteal  nerve  descends  on  the  outer  side  of  the  space, 
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lying  close  to  the  tendon  of  the  Biceps  muscle.  More  deeply  at  the  bottom  of  the 
space  are  the  popliteal  vessels,  the  vein  lying  superficial  and  a  little  external  to  the 
artery,  to  which  it  is  closely  united  by  dense  areolar  tissue ;  sometimes  the  vein 
is  placed  on  the  inner  instead  of  the  outer  side  of  the  artery  ;  or  the  vein  may  be 
double,  the  artery  lying  between  the  two  venae  comites,  which  are  usually  connected 
by  short  transverse  branches.  More  deeply,  and,  at  its  upper  part,  close  to  the 
surface  of  the  bone,  is  the  popliteal  artery,  and  passing  off  from  it  at  right  angles 
are  its  articular  branches.  The  articular  branch  from  the  obturator  nerve  descends 
upon  the  popliteal  artery  to  supply  the  knee,  and  occasionally  there  is  found  deep 
in  the  space  an  articular  filament  from  the  great  sciatic  nerve.  The  popliteal 
lymphatic  glands,  four  or  five  in  number,  are  found  surrounding  the  artery :  one 
usually  lies  superficial  to  the  vessel ;  another  is  situated  between  it  and  the  bone, 
and  the  rest  are  placed  on  either  side  of  it. 

The  Popliteal  Artery,  in  its  course  downward  from  the  aperture  in  the  Adductor 
magnus  to  the  lower  border  of  the  Popliteus  muscle,  rests  first  on  the  inner  surface 
of  the  femur,  and  is  then  separated  by  a  little  fat  from  the  hollowed  popliteal 
surface  of  the  bone;  in  the  middle  of  its  course  it  rests  on  the  posterior  ligament 
of  the  knee-joint,  and  below  on  the  fascia  covering  the  Popliteus  muscle.  Super- 
ficially^  it  is  covered  above  by  the  Semimembranosus  ;  in  the  middle  of  its  course, 
by  a  quantity  of  fat,  which  separates  it  from  the  deep  fascia  and  integument ;  and 
below  it  is  overlapped  by  the  Gastrocnemius,  Plantaris,  and  Soleus  muscles,  the 
popliteal  vein,  and  the  internal  popliteal  nerve.  The  popliteal  vein,  which  is 
intimately  attached  to  the  artery,  lies  superficial  and  external  to  it  until  near  the 
termination  of  the  arterv,  when  the  vein  crosses  it  and  lies  to  its  inner  side.  The 
popliteal  nerve  is  still  more  superficial  and  external  above,  but  below  the  joiat  it 
crosses  the  artery  and  lies  on  its  inner  side.  Laterally^  the  artery  is  bounded  by 
the  muscles  which  are  situated  on  either  side  of  the  popliteal  space. 

Plan  of  Relations  of  Popliteal  Artery. 

In  front 

Femur. 

Ligamentum  posticum. 

Popliteus. 

/^     ^^ 
Inner  side.  /  \  ,  Outer  side. 

Semimembranosus.  [     Popliteal      j  Biceps. 

Internal  condyle.  I      ^^''^'     j  Outer  condyle. 

Gastrocnemius  (inner  head).  \  /  Gastrocnemius  (outer  head). 

^__      '  Plantaris. 

Behind. 

Semimembranosus. 

Fascia. 

Popliteal  vein. 

Internal  popliteal  nerve. 

Gastrocnemius. 

Plantaris. 

Soleus. 

Peculiarities  in  Point  of  Division. — Occasionally  the  popliteal  artery  divides  prematurely 
into  its  terminal  brandies;  this  unusual  division  occurs  most  frequently  opposite  the  knee-joint. 

Unusual  Branches. — ^The  artery  sometimes  divides  into  the  anterior  tibial  and  peroneal, 
the  posterior  tibial  being  wanting  or  very  small.  Occasionally  the  popliteal  is  found  to  divide 
into  three  branches,  the  anterior  and  posterior  tibial  and  peroneal. 

Surface  Marking.— The  course  of  the  upper  part  of  the  popliteal  artery  is  indicated  by 
a  line  drawn  from  the  outer  border  of  the  Semimembranosus  muscle  at  the  junction  of  the 
middle  and  lower  third  of  the  thigh  obliquelv  downward  to  the  middle  of  the  popliteal  space, 
exactly  behind  the  knee-joint.  From  this  point  it  passes  vertically  downward  to  the  level  of  a 
line  drawn  through  the  lower  part  of  the  tubercle  of  the  tibia. 

Surgical  Anatomy. — The  popliteal  artery  is  not  infrequently  the  seat  of  injury.  It  naay  be 
torn  by  direct  violence,  as  bv  the  passage  of  a  cart-wheel  over  the  knee  or  by  hyper-extension  of 
the  knee  ;  and  in  the  dead  body,  at  all  events,  the  middle  and  internal  coats  may  be  ruptured  by 
extreme  flexion.     It  may  also  be  lacerated  by  fi*acture  of  the  lower  part  of  the  shatl  of  the 
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femur  or  by  antero-posterior  dislocation  of  the  knee-joint.  It  has  been  torn  in  breaking  down 
adhesions  in  cases  of  fibrous  ankylosis  of  the  knee,  and  is  in  danger  of  being  wounded,  and  in 
fact  has  been  wounded,  in  performing  Macewen's  operation  of  osteotomy  of  the  lower  end  of  the 
femur  for  genu  valgum.  In  addition,  Spencer  records  a  case  in  which  the  popliteal  artery  was 
wounded  from  in  front  by  a  stab  just  below  the  knee,  the  knife  passing  through  the  interosseous 
space.  The  popliteal  artery  is  more  frequently  the  seat  of  aneurism  than  is  any  other  artery 
in  the  body,  with  the  exception  of  the  thoracic  aorta.  This  is  due  no  doubt,  in  a  great 
measure  to  the  amount  of  movement  to  which  it  is  subjected,  and  to  the  fact  that  it  is  supported 
by  loose  and  lax  tissue  only,  and  not  by  muscles,  as  is  the  case  with  most  arteries. 

Ligature  of  the  popliteal  artery  is  required  in  cases  of  wound  of  that  vessel,  but  for  aneurism 
of  the  posterior  tibial  it  is  preferable  to  tie  the  super^cial  femoral.  The  popliteal  may  be  tied 
in  the  upper  or  lower  part  of  its  course ;  but  in  the  middle  of  the  ham  the  operation  is  attended 
with  considerable  difficulty,  from  the  great  depth  of  the  artery  and  from  the  extreme  degree  of 
tension  of  the  lateral  bounaaries  of  the  space. 

In  order  to  expose  the  vessel  in  the  upper  part  of  its  course  the  patient  should  be  placed  in 
the  prone  position,  with  the  limb  extended.  An  incision  about  three  inches  in  length  should 
then  be  made  through  the  integument,  along  the  posterior  margin  of  the  Semimembranosus, 
and,  the  fascia  lata  having  been  aiyided,  this  muscle  must  be  drawn  inward.  The  internal  pop- 
liteal nerve  will  be  first  exposed,  lying  very  superficial  and  external  to  the  artery ;  beneath  this 
will  be  seen  the  popliteal  vein,  and,  still  deeper  and  to  its  inner  side,  the  artery.  The  vein  and 
nerve  must  be  cautiously  separated  from  the  artery,  and  the  aneurism  needle  passed  around  the 
vessel  from  without  inward. 

To  expose  the  vessel  in  the  lower  part  of  its  course,  where  the  artery  lies  between  the  two 
heads  of  the  Gastrocnemius,  the  patient  should  be  placed  in  the  same  position  as  in  the  preceding 
operation.  An  incision  should  then  be  made  through  the  integument  in  the  middle  Ime,  com- 
mencing opposite  the  bend  of  the  knee-joint,  care  being  taken  to  avoid  the  external  saphenous 
vein  and  nerve.  After  dividing  the  deep  fascia  and  separating  some  dense  cellular  membrane, 
the  artery,  vein,  and  nerve  Mrill  oe  exposed,  descending  oetween  the  two  heads  of  the  Gastrocne- 
mius. Some  muscular  branches  of  the  popliteal  should  be  avoided  if  possible,  or,  if  divided,  tied 
immediately.  The  leg  being  now  flexea,  in  order  the  more  effectually  to  separate  the  two  heads 
of  the  Gastrocnemius  the  nerve  should  be  drawn  inward  and  the  vein  outward,  and  the 
aneurism  needle  passed  between  the  artery  and  vein  from  without  inward. 

In  cases  where  the  artery  has  been  wounded  during  an  osteotomy  of  the  lower  end  of  the 
femur  it  would  be  most  conveniently  secured  from  the  front  at  the  inner  side  of  the  thigh.  The 
knee  is  flexed  and  the  limb  placed  on  its  outer  side.  An  incision,  three  inches  lon^,  is  made 
parallel  to  and  immediately  behind  the  tendon  of  the  Adductor  magnus  from  the  junction  of  the 
middle  and  lower  third  of  the  thigh.  Skin,  superficial  and  deep  fascia  are  to  be  divided,  care 
bein^  taken  of  the  internal  saphenous  vein ;  the  Adductor  magnus  is  to  be  drawn  forward  and 
the  inner  hamstring  tendons  backward,  and  the  artery  will  be  found  surrounded  by  fat.  The 
nerve  and  vein  are  usually  not  seen,  as  they  lie  to  the  outer  side  of  the  artery. 

The  branches  of  the  popliteal  artery  are — the 

w        ,       f  Superior.  Superior  Internal  Articular. 

\  Inferior  or  Sural.  Azygos  Articular. 

Cutaneous.  Inferior  External  Articular. 

Superior  External  Articular.  Inferior  Internal  Articular. 

The  superior  muscular  branclies,  two  or  three  in  number,  arise  from  the  upper 
part  of  the  popliteal  artery,  and  are  distributed  to  the  Vastus  externus  and  flexor 
muscles  of  the  thigh,  anastomosing  with  the  inferior  perforating  and  terminal 
branches  of  the  profunda. 

The  inferior  muscular  (sural)  are  two  large  branches  which  are  distributed  to 
the  two  heads  of  the  Gastrocnemius  and  to  the  Plantaris  muscle.  They  arise  from 
the  popliteal  artery  opposite  the  knee-joint. 

Cutaneous  branches  descend  on  each  side  and  in  the  middle  of  the  limb,  between 
the  Gastrocnemius  and  integument ;  they  arise  separately  from  the  popliteal  artery 
or  from  some  of  its  branches,  and  supply  the  integument  of  the  calf. 

The  superior  articular  arteries,  two  in  number,  arise  one  on  each  side  of  the 
popliteal,  and  wind  round  the  femur  immediately  above  its  condyles  to  the  front 
of  the  knee-joint.  The  internal  branch  passes  beneath  the  tendon  of  the  Adductor 
magnus,  and  divides  into  two,  one  of  which  supplies  the  Vastus  internus,  inoscu- 
lating with  the  anastomotica  magna  and  inferior  internal  articular ;  the  other 
ramifies  close  to  the  surface  of  the  femur,  supplying  it  and  the  knee-joint,  and 
anastomosing  with  the  superior  external  articular  artery.  The  external  branch 
passes  above  the  outer  condyle,  beneath  the  tendon  of  the  Biceps,  and  divides  into 

41 
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a  superficial  and  deep  branch:  the  superficial  branch  supplies  the  Vastus  exler- 


nus,  and  anastumoson  with  the  descending  branch  of  the  external  circumflex,  and 
the  inferior  externa)  articular  arteries ;  the  deep  branch  supplies  the  lower  part 
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of  the  femur  and  knee-joint,  and  forms  an  anastomotic  arch  across  the  bone  with 
the  anastomotica  magna  and  the  inferior  internal  articular  arteries. 

The  azygos  articular  is  a  small  branch  arising  from  the  popliteal  artery  oppo- 
site the  bend  of  the  knee-joint.  It  pierces  the  posterior  ligament,  and  supplies 
the  ligaments  and  synovial  membrane  in  the  interior  of  the  articulation. 

The  inferior  articular  arteries,  two  in  number,  arise  from  the  popliteal  beneath 
the  Gastrocnemius,  and  wind  round  the  head  of  the  tibia  below  the  joint.  The 
internal  one  passes  below  the  inner  tuberosity,  beneath  the  internal  lateral  lig- 
ament, at  the  anterior  border  of  which  it  ascends  to  the  front  and  inner  side  of 
the  joint,  to  supply  the  head  of  the  tibia  and  the  articulation  of  the  knee,  anasto- 
mosing with  the  inferior  external  articular  and  superior  internal  articular  arteries. 
The  external  one  passes  outward  above  the  head  of  the  fibula,  to  the  front  of  the 
knee-joint,  passing  in  its  course  beneath  the  outer  head  of  the  Gastrocnemius, 
the  external  lateral  ligament,  and  the  tendon  of  the  Biceps  muscle,  and  divides 
into  branches  which  anastomose  with  the  inferior  internal  articular  artery,  the 
superior  external  articular  artery,  and  the  anterior  recurrent  branch  of  the 
anterior  tibial. 

Gircumpatellar  Anastomosis. — Around  and  above  the  patella,  and  on  the  con- 
tiguous ends  of  the  femur  and  tibia,  is  a  large  network  of  vessels,  forming  a 
superficial  and  deep  plexus  from  which  numerous  ofisets  proceed  into  the  interior 
of  the  joint.  The  arteries  from  which  this  plexus  is  formed  are  the  two  internal 
and  two  external  articular  branches  of  the  popliteal,  the  anastomotica  magna,  the 
terminal  branch  of  the  profunda,  the  descending  branch  from  the  external  cir- 
cumflex, and  the  anterior  recurrent  branch  of  the  anterior  tibial. 

The  Anterior  Tibial  Artery  (Fig.  378). 

The  anterior  tibial  artery  commences  at  the  bifurcation  of  the  popliteal  at  the 
lower  border  of  the  Popliteus  muscle,  passes  forward  between  the  two  heads  of 
the  Tibialis  posticus,  and  through  the  large  oval  aperture  above  the  upper  border 
of  the  interosseous  membrane  to  the  deep  part  of  the  front  of  the  leg :  it  then 
descends  on  the  anterior  surface  of  the  interosseous  membrane,  gradually 
approaching  the  tibia ;  and  at  the  lower  part  of  the  leg  lies  on  this  bone,  and 
then  on  the  anterior  ligament  of  the  ankle  to  the  bend  of  the  ankle-joint,  where 
it  lies  more  superficially,  and  becomes  the  dorsalis  pedis. 

Relations. — In  the  upper  two-thirds  of  its  extent  it  rests  upon  the  interosseous 
membrane,  to  which  it  is  connected  by  delicate  fibrous  arches  thrown  across  it ; 
in  the  lower  third,  upon  the  front  of  the  tibia  and  the  anterior  ligament  of  the 
ankle-joint.  In  the  upper  third  of  its  course  it  lies  between  the  Tibialis  anticus 
and  Extensor  longus  digitorum ;  in  the  middle  third,  between  the  Tibialis  anticus 
and  Extensor  proprius  hallucis.  At  the  bend  of  the  ankle  it  is  crossed  by  the 
tendon  of  the  Extensor  proprius  hallucis,  and  lies  between  it  and  the  innermost 
tendon  of  the  Extensor  longus  digitorum.  It  is  covered,  in  the  upper  two-thirds 
of  its  course,  by  the  muscles  which  lie  on  either  side  of  it  and  by  the  deep  fascia ; 
in  the  lower  third,  by  the  integument,  anterior  annular  ligament,  and  fascia. 

The  anterior  tibial  artery  is  accompanied  by  two  veins  (venae  comites),  which 
lie  one  on  each  side  of  the  artery ;  the  anterior  tibial  nerve  lies  at  first  to  its  outer 
side,  and  about  the  middle  of  the  leg  is  placed  superficial  to  it ;  at  the  lower  part 
of  the  artery  the  nerve  is  generally  again  on  the  outer  side. 
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Plan  of  the  Relations  of  the  Anterior  Tibial  Artery. 

In  front 

iDtegument,  superficial  and  deep  fascise. 

Anterior  tibial  nerve. 

Tibialis  anticus  (overlap;8  it  in  the  upper  part  of  the  leg). 

Extensor  longus  digitorum  )  /^„^j„^  :^  „i-  i,i.i„\ 

Extensor  proprius  fiallucis  |  (^^'^^**P  it  slightly). 

Anterior  annular  ligament 

Inner  side.  /^     ^X  Outer  side. 

Tibialis  anticus.  /     a  .  _i       \  Anterior  tibial  nerve. 

Extensor  proprius  hallucis  ^mifr  Extensor  longus  digitorum. 

(crosses  it  at  its  lower  V                  J  Extensor  proprius  halluci& 

part).  \^^^^^^ 

Behind, 

Interosseous  membrane. 

Tibia. 

Anterior  ligament  of  ankle-joint 

Peculiarities  in  Size.— This  vessel  may  be  diminished  in  size,  may  be  deficient  to  a  greater 
or  less  extent,  or  may  be  entirely  wanting,  its  place  being  supplied  by  perforating  branches  from 
the  posterior  tibial  or  by  the  anterior  division  of  the  peroneal  artery. 

Course. — The  artery  occasionally  deviates  in  its  course  toward  the  fibular  side  of  the  leg, 
regaining  its  usual  position  beneath  the  annular  ligament  at  the  front  of  the  ankle.  In  two 
instances  the  vessel  has  been  found  to  approach  the  surface  in  the  middle  of  the  leg,  being 
covered  merelv  by  the  integument  and  fascia  below  that  point 

Siurface  Marking. — A  line  drawn  from  the  inner  side  of  the  head  of  the  fibula  to  midway 
between  the  two  malleoli  will  mark  the  course  of  the  artery,  the  point  where  the  artery  comes 
in  front  of  the  interosseous  membrane  being  in  this  line,  one  and  a  quarter  inches  below  the 
level  of  the  head  of  the  fibula. 

Surgical  Anatomy. — ^The  anterior  tibial  artery  may  be  tied  in  the  upper  or  lower  part 
of  the  leg.  In  the  upper  part  the  operation  is  attended  with  ^at  difficulty,  on  account  of  the 
depth  of  the  vessel  from  the  surface.  An  incision  about  four  inches  in  length,  should  be  made 
through  the  integument,  midway  between  the  spine  of  the  tibia  and  the  outer  margin  of  the 
fibula,  the  fascia  and  intermuscular  septum  between  the  Tibialis  anticus  and  Extensor  longus 
digitorum  being  divided  to  the  same  extent  The  ibot  must  be  flexed  to  relax  these  muscles, 
and  thev  must  be  separated  from  each  other  by  the  finger.  The  artery  is  then  exposed  deeply 
seated,  lying  upon  the  interosseous  membrane,  the  nerve  lying  externally,  and  one  of  the  venae 
comites  on  either  side ;  these  must  be  separated  from  the  artery  before  the  aneurism  needle  is 
passed  round  it 

To  tie  the  vessel  in  the  lower  third  of  the  leg  above  the  ankle-joint  an  incision  about  three 
inches  in  length  should  be  made  through  the  integument  between  the  tendons  of  the  Tibialis 
anticus  and  Extensor  proprius  hallucis  muscles,  the  deep  fascia  being  divided  to  the  same  extent 
The  tendon  on  either  side  should  be  held  aside,  when  the  vessel  will  be  seen  lying  upon  the 
tibia,  with  the  nerve  superficial  to  it  and  one  of  the  venae  comites  on  either  side. 

The  branches  of  the  anterior  tibial  artery  are — the 

Posterior  Recurrent  Tibial.  Muscular. 

Superior  Fibular.  Internal  Malleolar. 

Anterior  Recurrent  Tibial.  External  Malleolar. 

The  posterior  recurrent  tibial  is  not  a  constant  branch,  and  is  given  off  from 
the  anterior  tibial  before  that  vessel  passes  through  the  interosseous  space.  It 
ascends  beneath  the  Popliteus  muscle,  which  it  supplies,  and  anastomoses  with  the 
lower  articular  branches  of  the  popliteal  artery,  giving  oflF  an  offset  to  the 
superior  tibio-fibular  joint. 

The  superior  fibular  is  sometimes  given  off  from  the  anterior  tibial,  sometimes 
from  the  posterior  tibial.  It  passes  outward,  round  the  neck  of  the  fibula,  through 
the  Soleus,  which  it  supplies,  and  ends  in  the  substance  of  the  Peroneus  longus 
muscle. 

The  anterior  recurrent  tibial  branch  arises  from  the  anterior  tibial  as  soon  as 
that  vessel  has  passed  through  the  interosseous  space ;  it  ascends  in  the  Tibialis 
anticus  muscle,  and  ramifies  on  the  front  and  sides  of  the  knee-joint,  anastomos- 
ing with  the  articular  branches  of  the  popliteal  and  with  the  anastomotica  magna. 

The  muscular  branches  are  numerous:   they  are  distributed  to  the  muscles 
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which  lie  on  each  side  of  the  vessel,  some  piercing  the  deep  fascia  to  supply  the 
integument,  others  passing  through  the  interosseous  membrane,  and  anastomosing 
with  branches  of  the  posterior  tibial  and  peroneal  arteries. 

The  malleolar  arteries  supply  the  ankle-joint.  The  internal  arises  about  two 
inches  above  the  articulation,  and  passes  beneath  the  tendons  of  the  Extensor 
proprius  hallucis  and  Tibialis  anticus  to  the  inner  ankle,  upon  which  it  ramifies, 
anastomosing  with  branches  of  the  posterior  tibial  and  internal  plantar  arteries 
and  with  the  internal  calcanean  from  the  posterior  tibial.  The  external  passes 
beneath  the  tendons  of  the  Extensor  longus  digitorum  and  Peroneus  tertius,  and 
supplies  the  outer  ankle,  anastomosing  with  the  anterior  peroneal  artery  and  with 
ascending  branches  from  the  tarsal  branch  of  the  dorsal  is  pedis. 

The  Dorsalis  Pedis  Artery  (Fig.  378). 

The  dorsalis  pedis,  the  continuation  of  the  anterior  tibial,  passes  forward  from 
the  bend  of  the  ankle  along  the  tibial  side  of  the  foot  to  the  back  part  of  the  first 
intermetatarsal  space,  where  it  divides  into  two  branches,  the  dorsalis  hallucis  and 
communicating. 

Belations. — This  vessel,  in  its  course  forward,  rests  upon  the  astragalus,  navic- 
ular, and  internal  cuneiform  bones  and  the  ligaments  connecting  them,  being  cov- 
ered by  the  integument  and  fascia,  anterior  annular  ligament,  and  crossed  near 
its  termination  by  the  innermost  tendon  of  the  Extensor  brevis  digitorum.  On 
its  tibial  side  is  the  tendon  of  the  Extensor  proprius  hallucis ;  on  its  fibular  side^ 
the  innermost  tendon  of  the  Extensor  longus  digitorum,  and  the  termination  of  the 
anterior  tibial  nerve.     It  is  accompanied  by  two  veins. 

Plan  of  the  Relations  of  the  Dorsalis  Pedis  Artery. 

In  front. 

Integument  and  fascia. 

Anterior  annular  ligament. 

Innermost  tendon  of  Extensor  brevis  digitorum. 


7tA,v.7  ••v?^  /  \  Fibvlar  side. 

Extensor  proprius  haUud.  (      p-      J  SSteetr™'" 


Behind. 

Astragalus. 
Navicular. 
Internal  cuneiform, 
and  their  ligaments. 

Pecoliaiities  in  Size.— The  dorsal  artery  of  the  foot  may  be  larger  than  usual,  to  com  pen- 
Bate  for  a  deficient  plantar  arteiy ;  or  it  may  be  deficient  in  its  termmal  branches  to  the  toes, 
which  are  then  derived  firom  the  internal  plantar ;  or  its  place  may  be  supplied  altogether  by  a 
large  anterior  peroneal  artery. 

Position. — ^This  artery  frequently  curves  outward,  lying  external  to  the  line  between  the 
middle  of  the  ankle  and  the  back  part  of  the  first  interosseous  space. 

Sni&ce  Marking. — ^The  dorsalis  pedis  artery  is  indicated  on  the  surface  of  the  dorsum  of 
the  foot  by  a  line  drawn  from  the  centre  of  the  space  between  the  two  malleoli  to  the  back  of  the 
finst  intermetatarsal  space. 

Surgical  Anatomy. — ^This  artery  may  be  tied,  by  making  an  incision  through  the  integu- 
ment between  two  and  three  inches  in  len^h,  on  the  fibular  side  of  the  tendon  of  the  Extensor 
proprius  hallucis,  in  the  interval  between  it  and  the  inner  border  of  the  short  Extensor  muscle. 
The  incision  should  not  extend  farther  forward  than  the  back  i)art  of  the  first  intermetatarsal 
space,  as  the  artery  divides  in  that  situation.  The  deep  fascia  being  divided  to  the  same  extent, 
tne  artery  will  be  exposed,  the  nerve  lying  upon  its  outer  side. 
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Branches. — The  branches  of  the  dorsalis  pedis  are — the 

Tarsal.  Dorsalis  Hallucis. 

Metatarsal — Interosseous.  Communicating. 

The  tarsal  artery  arises  from  the  dorsalis  pedis,  as  that  vessel  crosses  the  navic- 
ular bone ;  it  passes  in  an  arched  direction  outward,  lying  upon  the  tarsal  bonK 
and  covered  by  the  Extensor  brevis  digitorum ;  it  supplies  that  muscle  and  tiie 
articulations  of  the  tarsus,  and  anastomoses  with  branches  from  the  metataml, 
external  malleolar,  peroneal,  and  external  plantar  arteries. 

The  metatarsal  arises  a  little  anterior  to  the  preceding ;  it  passes  outwani i< 
the  outer  part  of  the  foot,  over  the  bases  of  the  metatarsal  bones,  beneath  the  ten- 
dons of  the  short  Extensor,  its  direction  being  influenced  by  its  point  of  ori^iin: 
and  it  anastomoses  with  the  tarsal  and  external  plantar  arteries.  This  ve>Mrl 
gives  off  three  branches,  the  interosseous  arteries^  which  pass  forward  upon  iht 
three  outer  Dorsal  interossei  muscles,  and,  in  the  clefts  between  the  toes,  diviie 
into  two  dorsal  collateral  branches  for  the  adjoining  toes.  At  the  back  part  nf 
each  interosseous  space  these  vessels  receive  the  posterior  perforating  brancliej 
from  the  plantar  arch,  and  at  the  fore  part  of  each  interosseous  space  they  are 
joined  by  the  anterior  perforating  branches  from  the  digital  arteries.  The  outer- 
most interosseous  artery  gives  off  a  branch  which  supplies  the  outer  side  of  \\k 
little  toe. 

The  dorsalis  hallucis  runs  forward  along  the  outer  border  of  the  first  metatar-a. 
bone,  and  at  the  cleft  between  the  first  and  second  toes  divides  into  two  branche>. 
one  of  which  passes  inward,  beneath  the  tendon  of  the  Extensor  proprius  halluci. 
and  is  distributed  to  the  inner  border  of  the  great  toe ;  the  outer  branch  bifurcate. 
to  supply  the  adjoining  sides  of  the  great  and  second  toes. 

The  communicating  artery  dips  down  into  the  sole  of  the  foot,  between  the  tw  • 
heads  of  the  First  dorsal  interosseous  muscle,  and  inosculates  with  the  termina- 
tion of  the  external  plantar  artery  to  complete  the  plantar  arch.  It  here  gives  -f 
two  digital  branches :  one  runs  along  the  inner  side  of  the  great  toe  on  its  plantar 
surface ;  the  other  passes  forward  along  the  first  interosseous  space,  &nd  bifurcates 
for  the  supply  of  the  adjacent  sides  of  the  great  and  second  toes. 

The  Posterior  Tibial  Artery. 

The  posterior  tibial  is  an  artery  of  large  size,  which  extends  obliquely  d<>vn- 
ward  from  the  lower  border  of  the  Popliteus  muscle,  along  the  tibial  side  of  ti* 
leg,  to  the  fossa  between  the  inner  ankle  and  the  heel,  where  it  divides  benea.l 
the  origin  of  the  Abductor  hallucis,  on  a  level  with  a  line  drawn  from  the  point  tf 
the  internal  malleolus  to  the  centre  of  the  convexity  of  the  heel,  into  the  inUni'^' 
and  external  plantar  arteries.  At  its  origin  it  lies  opposite  the  interval  betwer: 
the  tibia  and  fibula ;  as  it  descends,  it  approaches  the  inner  side  of  the  leg,  lym: 
behind  the  tibia,  and,  in  the  lower  part  of  its  course,  is  situated  midway  betwee:: 
the  inner  malleolus  and  the  tuberosity  of  the  os  calcis. 

Relations. — It  lies  successively  upon  the  Tibialis  posticus,  the  Flexor  lonp- 
digitorum,  the  tibia,  and  the  back  part  of  the  ankle-joint.  It  is  cowererfbvtlt 
deep  transverse  fascia,  which  separates  it  above  from  the  Gastrocnemius  an-; 
Soleus  muscles.  In  the  lower  third,  where  it  is  more  superficial,  it  is  covered 'Hi.y 
by  the  integument  and  fascia,  and  runs  parallel  with  the  inner  border  of  the  teiui 
Achillis.  It  is  accompanied  by  two  veins,  and  by  the  posterior  tibial  ner\e. 
which  lies  at  first  to  the  inner  side  of  the  artery,  but  soon  crosses  it,  and  is,  in  the 
greater  part  of  its  course,  on  its  outer  side. 


Inner  side. 
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Plan  of  the  Relations  of  the  Posterior  Tibial  Artery. 

In  front. 

Tibialis  posticus. 
Flexor  longusdigitorum. 
Tibia. 
Ankle-joint. 

©Outer  side. 
Posterior  tibial  nerve, 
lower  two-thirds. 

Behind, 

Integument  and  fascia. 

Gastrocnemius. 

Soleus. 

Deep  transverse  fascia. 

Posterior  tibial  nerve. 

Behind  the  Inner  ankle  the  tendons  and  blood-vessels  are  arranged  in  the 
following  order,  from  within  outward :  First,  the  tendons  of  the  Tibialis  posticus 
and  Flexor  longus  digitorum,  lying  in  the  same  groove,  behind  the  inner  malleolus, 
the  former  being  the  most  internal.  External  to  these  is  the  posterior  tibial 
artery,  having  a  vein  on  either  side  ;  and,  still  more  externally,  the  posterior 
tibial  nerve.  About  half  an  inch  nearer  the  heel  is  the  tendon  of  the  Flexor 
longus  hallucis. 

Pecnliarities  in  Size. — ^The  posterior  tibial  is  not  unfrequently  smaller  than  usual  or 
absent,  its  place  being  supplied  by  a  lari^e  peroneal  artery  which  passes  inward  at  the  lower  end 
of  the  tibia,  and  either  joins  the  small  tibial  artery  or  continues  alone  to  the  sole  of  the  foot. 

Surfoce  Marking. — The  course  of  the  posterior  tibial  artery  is  indicated  by  a  line  drawn 
from  a  point  one  inch  below  the  centre  of  the  popliteal  space  to  midway  between  the  tip  of  the 
internal  malleolus  and  the  centre  of  the  convexity  of  the  heel. 

Surgical  Anatomy. — ^The  application  of  a  ligature  to  the  posterior  tibial  may  be  required 
in  cases  of  wound  of  the  sole  oi  the  foot  attended  with  great  haemorrhage,  when  the  vessel 
should  be  tied  at  the  inner  ankle.  In  cases  of  wound  of  the  posterior  tibial  it  will  be  necessary 
to  enlarge  the  opening  so  as  to  expose  the  vessel  at  the  wounded  point,  excepting  where  the 
vessel  is  injured  oy  a  punctured  wound  from  the  front  of  the  leg.  In  cases  of  aneurism  from 
wound  of  the  artery  low  down,  the  vessel  should  be  tied  in  the  middle  of  the  leg.  But  in 
aneurism  of  the  posterior  tibial  high  up  it  would  be  better  to  tie  the  femoral  artery. 

To  tie  the  posterior  tibial  artery  at  the  ankle,  a  semilunar  incision  should  be  made  through 
the  integument,  about  two  inches  and  a  half  in  length,  midway  between  the  heel  and  inner  ankle 
or  a  little  nearer  the  latter.  The  subcutaneous  cellular  tissue  haying  been  divided,  a  strong 
and  dense  fascia,  the  internal  annular  ligament,  is  exnosed.  This  ligament  is  continuous  above 
with  the  deep  fascia  of  the  leg,  covers  the  vessels  ana  nerves,  and  is  intimately  adherent  to  the 
sheaths  of  the  tendons.  This  having  been  cautiously  divided  upon  a  director,  the  sheath  of 
the  vessels  is  exposed,  and,  being  opened,  the  artery  is  seen  with  one  of  the  venae  comites  on  each 
side.  The  aneurism  needle  should  be  passed  round  the  vessel  from  the  heel  toward  the  ankle,  in 
order  to  avoid  the  posterior  tibial  nerve,  care  being  at  the  same  time  taken  not  to  include  the 
venae  comites. 

The  ve&sel  may  also  be  tied  in  the  lower  third  of  the  leg  by  making  an  incision,  about  three 
inches  in  length,  parallel  with  the  inner  margin  of  the  tendo  Achillis.  The  internal  saphenous 
vein  being  carefully  avoided,  the  two  layers  of  fascia  must  be  divided  upon  a  director,  when  the 
artery  is  exposed  along  the  outer  margin  of  the  Flexor  longus  digitorum,  with  one  of  its  venae 
comites  on  'either  side  and  the  nerve  lying  external  to  it. 

To  tie  the  posterior  tibial  in  the  middle  of  the  leg  is  a  very  difficult  operation,  on  account  of 
the  great  depth  of  the  vessel  from  the  surface.  The  patient  being  placedf  in  the  recumbent  posi- 
tioni  the  injured  limb  should  rest  on  its  outer  side,  the  knee  being  partially  bent  and  the  foot 
extended,  so  as  to  relax  the  muscles  of  the  calf  An  incision  about  four  inches  in  length  should 
then  be  made  through  the  integument  a  finger's  breadth  behind  the  inner  margin  of  the  tibia, 
taking  care  to  avoid  the  internal  saphenous  vein.  The  deep  fascia  having  been  divided,  the 
margm  of  the  Gastrocnemius  is  exposed,  and  must  be  drawn  aside,  and  the  tibial  attachment  of 
the  Soleus  divided,  a  director  bemg  previously  passed  beneath  it.  The  artery  may  now  be 
felt  pulsating  beneath  the  deep  fascia  about  an  inch  from  the  margin  of  the  tibia.  The  fascia 
having  been  divided,  and  the  limb  placed  in  such  a  position  as  to  relax  the  muscles  of  the 
calif  as  much  as  possible,  the  veins  should  be  separated  from  the  artery,  and  the  aneurism 
needle  passed  round  the  vessel  from  without  inward,  so  as  to  avoid  wounding  the  posterior 
tibial  nerve. 
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The  branches  of  the  posterior  tibial  artery  are — the 

Peroneal.  Nutrient. 

Muscular.  Communicating. 

Internal  Calcanean. 

The  Peroneal  Artery  lies,  deeply  seated,  along  the  back  part  of  the  fibular  side 
of  the  leg.  It  arises  from  the  posterior  tibial  about  an  inch  below  the  lower 
border  of  the  Popliteus  muscle,  passes  obliquely  outward  to  the  fibula,  and  then 
descends  along  the  inner  border  of  that  bone  to  the  lower  third  of  the  leg,  where 
it  gives  off  the  anterior  peroneal.  It  then  passes  across  the  articulation  between 
the  tibia  and  fibula  to  the  outer  side  of  the  os  calcis,  where  it  gives  off  its  terminal 
branches,  the  external  calcanean. 

Relations. — This  vessel  rests  at  first  upon  the  Tibialis  posticus,  and  then,  for 
the  greater  part  of  its  course,  in  a  fibrous  canal  between  the  origins  of  the  Flexor 
longus  hallucis  and  Tibialis  posticus,  covered  or  surrounded  by  the  fibres  of  the 
Flexor  longus  hallucis.  It  is  covered^  in  the  upper  part  of  its  course,  by  the  Soleus 
and  deep  transverse  fascia ;  below,  by  the  Flexor  longus  hallucis. 

Plan  of  the  Relations  of  the  Peroneal  Artery. 

In  front. 

Tibialis  posticus. 
Flexor  longus  hallucis. 


Outer  side.  f  \  Inner  side. 


Fibula.  (      Artery.       J  FlcxoF  lougus  hallucis. 

Flexor  longus  hallucis. 

Behind. 

SoleiLS. 

Deep  transverse  fascia. 

Flexor  longus  hallucis. 

Peculiarities  in  Origin. — The  peroneal  artery  may  arise  three  inches  below  the  Popliteus, 
or  from  the  posterior  tibial  high  up,  or  even  from  the  popliteal. 

Its  sLze  is  more  frequently'  increased  than  diminished ;  and  then  it  either  reinforces  the 
posterior  tibial  by  its  junction  with  it,  or  altogether  takes  the  place  of  the  posterior  tibial  in  the 
lower  part  of  the  leg  and  foot,  the  latter  vessel  only  existing  as  a  short  muscular  branch.  In 
those  rare  cases  where  the  peroneal  artery  is  smaller  than  usual  a  branch  from  the  posterior 
tibial  supplies  its  place,  and  a  branch  from  the  anterior  tibial  compensates  for  the  diminished 
anterior  peroneal  artery.     In  one  case  the  peroneal  artery  has  been  found  entirely  wanting. 

The  anterior  peroneal  is  sometimes  enlarged,  and  takes  the  place  of  the  doraal  artery  of  the 
foot. 

The  branches  of  the  peroneal  are — the 

Muscular.  Communicating. 

Nutrient.  Posterior  Peroneal. 

Anterior  Peroneal.  External  Calcanean. 

Muscular  Branches. — The  peroneal  artery,  in  its  course,  gives  off  branches  to 
the  Soleus,  Tibialis  posticus,  Flexor  longus  hallucis,  and  Peronei  muscles. 

The  nutrient  artery  supplies  the  fibula. 

The  Anterior  peroneal  pierces  the  interosseous  membrane,  about  two  inches 
above  the  outer  malleolus,  to  reach  the  fore  part  of  the  leg,  and,  passing  down 
beneath  the  Peroneus  tertius  to  the  outer  ankle,  ramifies  on  the  front  and  outer 
side  of  the  tarsus,  anastomosing  with  the  external  malleolar  and  tarsal  arteries. 

The  communicating  is  given  off  from  the  peroneal  about  an  inch  from  its 
lower  end,  and,  passing  inward,  joins  the  communicating  branch  of  the  posterior 
tibial. 

The  Posterior  peroneal  passes  down  behind  the  outer  ankle  to  the  back  of  the 
external  malleolus,  to  terminate  in  branches  which  ramify  on  the  outer  surface 
and  back  of  the  os  calcis. 
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The  External  calcanean  are  the  terminal  branches  of  the  peroneal  artery  ;  they 
pass  to  the  outer  side  of  the  heel,  and  commumcate  with  the  external  malleolar, 
md,  on  the  back  of  the  heel,  with  the  internal  calcanean  arteries. 

The  nntrient  artery  of  the  tibia  ariaes  from  the  jiosterior  tibial  near  its  origin, 
and,  after  supplying  a  few  muscular  branches,  enters  the  nutrient  canal  of  that 
bone,  which  it  traverses  obliquely  from  above  downward.  This  is  the  largest 
nutrient  artery  of  bone  in  the  body. 

The  mnacolar  branches  of  the  posterior  tibial  are  distributed  to  the  Soleus  and 
deep  muscles  along  the  back  of  the  leg. 

The  com  muni  eating  branch,  to  Join  a  similar  branch  of  the  peroneal,  runs  trans- 
vereely  across  the  back  of  the  tibia,  about  two  inches  above  its  lower  end,  passing 
beneath  the  Flexor  longus  hallucis. 

The  internal  calcanean  are  several  large  arteries  which  arise  from  the  posterior 


brancKa. 
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tibial  just  before  its  division :  they  are  distributed  to  the  fat  and  integument 
behind  the  tendo  Achillis  and  about  the  heel,  and  to  the  muscles  on  the  inner  side 
of  the  sole,  anastomosing  with  the  peroneal  and  internal  malleolar,  and,  on  the  back 
of  the  heel,  with  the  external  calcanean  arteries. 

The  Internal  Plantar  Artery  (Figs.  379,  380),  much  smaller  than  the  external, 
passes  forward  along  the  inner  side  of  the  foot.  It  is  at  first  situated  above'  the 
Abductor  hallucis,  and  then  between  it  and  the  Flexor  brevis  digitorum,  both  of 
which  it  supplies.  At  the  base  of  the  first  metatarsal  bone,  where  it  has  become 
much  diminished  in  size,  it  passes  along  the  inner  border  of  the  great  toe,  inoscu- 
lating with  its  digital  branch. 

The  External  Plantar  Artery,  much  larger  than  the  internal,  passes  obliquely 
outward  and  forward  to  the  base  of  the  fifth  metatarsal  bone.  It  then  turns 
obliquely  inward  to  the  interval  between  the  bases  of  the  first  and  second  meta- 
tarsal bones,  where  it  anastomoses  with  the  communicating  branch  from  the 
doraalis  pedis  artery,  thus  completing  the  plantar  arch.     As  this  artery  passes 

'  This  refers  to  the  erect  position  of  the  body.  In  the  ordinaiy  position  fur  diesection  the  arterj 
is  deeper  than  the  miucle. 
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outward,  it  is  first  placed  between  the  os  calcis  and  Abductor  hallucis,  and  then 
between  the  Flexor  brevis  digitorum  and  Flexor  accessorius,  and  as  it  passes 
forward  to  the  base  of  the  little  toe,  it  lies  more  superficially  between  the  Flexor 
brevis  digitorum  and  Abductor  minimi  digiti,  covered  by  the  deep  fascia  and 
integument.  The  remaining  portion  of  the  vessel  is  deeply  situated :  it  extends 
from  the  base  of  the  metatarsal  bone  of  the  little  toe  to  the  back  part  of  the 
first  interosseous  space,  and  forms  the  plantar  arch ;  it  is  convex  forward,  lies 
upon  the  Interossei  muscles  opposite  the  tarsal  ends  of  the  metatarsal  bones,  and 
is  covered  by  the  Adductor  obliquus  hallucis,  the  flexor  tendons  of  the  toes,  and 
the  Lumbricales. 

SurflEkce  Marking. — The  course  of  the  internal  plantar  artery  is  represented  by  a  line 
drawn  from  the  mid-point  between  the  tip  of  the  internal  malleolus  and  the  centre  of  the  con- 
vexity of  the  heel  to  the  middle  of  the  under  surface  of  the  great  toe ;  the  external  plantar  by 
a  line  from  the  same  point  to  within  a  finger's  breadth  of  the  tuberosity  of  the  fiflh  metatarsal 
jx)ne.  The  plantar  arch  is  indicated  by  a  line  drawn  from  this  point ;  t.  e.  a  finger's  breadth 
internal  to  the  tuberosity  of  the  fiflh  metatarsal  bone  transversely  across  the  foot  to  the  back  of 
the  first  interosseous  space. 

SuTjg^cal  Anatomy. — Wounds  of  the  plantar  arch  are  always  serious,  on  account  of  the 
depth  of  the  vessel  and  the  important  structures  which  must  be  interfered  with  in  an  attempt 
to  ligature  it.  Delorme  has  shown  that  it  may  be  ligatured  from  the  dorsum  of  the  foot  m 
almost  any  part  of  its  course  by  removing  a  portion  of  one  of  the  three  middle  metatarsal  bones. 

BrancheB. — The  plantar  arch,  besides  distributing  numerous  branches  to  the 
muscles,  integument,  and  fasciae  in  the  sole,  gives  off  the  following  branches: 

Posterior  Perforating.  Digital — Anterior  Perforating. 

The  PoBterior  Perforating  are  three  small  branches  which  ascend  through  the 
back  part  of  the  three  outer  interosseous  spaces,  between  the  heads  of  the  Dorsal 
interossei  muscles,  and  anastomose  with  the  interosseous  branches  from  the  meta- 
tarsal artery. 

The  Digital  Branches  are  four  in  number,  and  supply  the  three  outer  toes  and 
half  the  second  toe.  The  first  passes  outward  from  the  outer  side  of  the  plantar 
arch,  and  is  distributed  to  the  outer  side  of  the  little  toe,  passing  in  its  course 
beneath  the  Abductor  and  short  Flexor  muscles.  The  second,  third,  smd  fourth 
run  forward  along  the  interosseous  spaces,  and  on  arriving  at  the  clefts  between 
the  toes  divide  into  collateral  branches,  which  supply  the  adjacent  sides  of  the 
three  outer  toes  and  the  outer  side  of  the  second.  At  the  bifurcation  of  the  toes 
each  digital  artery  sends  upward,  through  the  fore  part  of  the  corresponding 
interosseous  space,  a  small  branch,  which  inosculates  with  the  interosseous  branches 
of  the  metatarsal  artery.     These  are  the  anterior  perforating  branches. 

From  the  arrangement  already  described  of  the  distribution  of  the  vessels  to 
the  toes  it  w^ill  be  seen  that  both  sides  of  the  three  outer  toes  and  the  outer  side 
of  the  second  toe  are  supplied  by  branches  from  the  plantar  arch ;  both  sides  of 
the  great  toe  and  the  inner  side  of  the  second  are  supplied  by  the  communi- 
cating branch  of  the  dorsalis  pedis. 


THE  VEINS. 


THE  Veins  are  the  vessels  which  serve  to  return  the  blood  from  the  capillaries 
of  the  different  parts  of  the  body  to  the  heart.     They  consist  of  two  distinct 
sets  of  vessels,  the  pulmonary  and  systemic. 

The  Pulmonary  Veins  are  concerned  in  the  circulation  in  the  lungs.  Unlike 
other  vessels  of  this  kind,  -they  contain  arterial  blood,  which  they  return  from  the 
lungs  to  the  left  auricle  of  the  heart. 

The  Systemic  Veins  are  concerned  in  the  general  circulation ;  they  return  the 
venous  blood  from  the  body  generally  to  the  right  auricle  of  the  heart. 

The  Portal  Vein,  an  appendage  to  the  systemic  venous  system,  is  confined  to 
the  abdominal  cavity,  returning  the  venous  blood  from  the  viscera  of  digestion, 
and  carrying  it  to  the  liver  by  a  single  trunk  of  large  size,  the  vena  portce.  This 
vessel  ramifies  in  the  substance  of  the  liver  and  breaks  up  into  a  minute  network 
of  capillaries.  These  capillaries  then  re-collect  to  form  the  hepatic  veins,  by  which 
the  blood  is  conveyed  to  the  inferior  vena  cava. 

The  veins,  like  the  arteries,  are  found  in  nearly  every  tissue  of  the  body. 
They  commence  by  minute  plexuses  which  receive  the  blood  from  the  capillaries. 
The  branches  which  have  their  commencement  in  these  plexuses  unite  together 
into  trunks,  and  these,  in  their  passage  toward  the  heart,  constantly  increase  in 
size  as  they  receive  tributaries  or  join  other  veins.  The  veins  are  larger  and 
altogether  more  numerous  than  the  arteries  ;  hence  the  entire  capacity  of  the 
venous  system  is  much  greater  than  that  of  the  arterial,  the  pulmonary  veins 
excepted,  which  do  not  exceed  in  capacity  the  pulmonary  arteries.  From  the 
combined  area  of  the  smaller  venous  branches  being  greater  than  the  main  trunks, 
it  results  that  the  venous  system  represents  a  cone,  the  summit  of  which  corresponds 
to  the  heart,  its  base  to  the  circumference  of  the  body.  In  form  the  veins  are  not 
perfectly  cylindrical  like  the  arteries,  their  walls  being  collapsed  when  empty,  and 
the  uniformity  of  their  surface  being  interrupted  at  intervals  by  slight  constric- 
tions, which  indicate  the  existence  of  valves  in  their  interior.  They  usually 
retain,  however,  the  same  calibre  as  long  as  they  receive  no  branches. 

The  veins  communicate  very  freely  with  one  another,  especially  in  certain 
regions  of  the  body,  and  this  communication  exists  between  the  larger  trunks  as 
well  as  between  the  smaller  branches.  Thus,  in  the  cavitv  of  the  cranium  and 
between  the  veins  of  the  neck,  where  obstruction  would  be  attended  with  immi- 
nent danger  to  the  cerebral  venous  system,  we  find  that  the  sinuses  and  larger 
veins  have  large  and  very  frequent  anastomoses.  The  same  free  communication 
exists  between  the  veins  throughout  the  whole  extent  of  the  spinal  canal,  and 
between  the  veins  composing  the  various  venous  plexuses  in  the  abdomen  and  pel- 
vis, as  the  spermatic,  uterine,  vesical,  and  prostatic. 

The  systemic  veins  are  subdivided  into  three  sets :  superficial,  deep,  and  sinuses. 

The  Superficial  or  Cutaneous  Veins  are  found  between  the  layers  of  the  super- 
ficial fascia,  immediately  beneath  the  integument ;  they  return  the  blood  from 
these  structures,  and  communicate  with  the  deep  veins  by  perforating  the  deep  fascia. 

The  Deep  Veins  accompany  the  arteries,  and  are  usually  enclosed  in  the  same 
sheath  with  those  vessels.  With  the  smaller  arteries — as  the  radial,  ulnar,  brachial, 
tibial,  peroneal — they  exist  generally  in  pairs,  one  lying  on  each  side  of  the  ves- 
sel, and  are  called  vence  comites.  The  larger  arteries — as  the  axillary,  subclavian, 
popliteal,  and  femoral — have  usually  only  one  accompanying  vein.     In  certain 
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organs  of  the  body,  however,  the  deep  veins  do  not  accompany  the  arteries ;  for 
instance,  the  veins  in  the  skull  and  spinal  canal,  the  hepatic  veins  in  the  liver,  and 
the  larger  veins  returning  blood  from  the  osseous  tissue. 

Sinnses  are  venous  channels  which,  in  their  structure  and  mode  of  distribution, 
differ  altogether  from  the  veins.  They  are  found  only  in  the  interior  of  the  skull, 
and  are  formed  by  a  separation  of  the  layers  of  the  dura  mater,  their  outer  coat 
consisting  of  fibrous  tissue,  their  inner  of  an  endothelial  laver  continuous  with  the 
lining  membrane  of  the  veins. 

Veins  have  thinner  walls  than  arteries,  the  difference  in  thickness  being  due  to 
the  small  amount  of  elastic  and  muscular  tissues  which  the  veins  contain.  The 
superficial  veins  usually  have  thicker  coats  than  the  deep  veins,  and  the  veins  of 
the  lower  limb  are  thicker  than  those  of  the  upper. 

The  minute  structure  of  these  vessels  has  been  described  in  the  section  on 
General  Anatomy. 

THE  PTTLMONABT  VEINS. 

The  Pulmonary  Veiiis  return  the  arterial  blood  from  the  lungs  to  the  left 
auricle  of  the  heart.  They  are  four  in  number,  two  for  each  lung.  The  pulmo- 
nary differ  from  other  veins  in  several  respects :  1.  They  carry  arterial  instead  of 
venous  blood.  2.  They  are  destitute  of  valves.  3.  They  are  only  slightly  larger 
than  the  arteries  they  accompany.  4.  They  accompany  those  vessels  singly. 
They  commence  in  a  capillary  network  upon  the  walls  of  the  air-cells,  where 
they  are  continuous  with  the  ramifications  of  the  pulmonary  artery,  and,  uniting 
together,  form  a  single  trunk  for  each  lobule.  These  branches,  uniting  succes- 
sively, form  a  single  trunk  for  each  lobe,  three  for  the  right  and  two  for  the  left 
lung.  The  vein  fi'om  the  middle  lobe  of  the  right  lung  unites  with  that  from  the 
upper  lobe,  in  most  cases  forming  two  trunks  on  each  side,  which  open  separately 
into  the  left  auricle.  Occasionally  they  remain  separate ;  there  are  then  three 
veins  on  the  right  side.  Not  unfrequently  the  two  left  pulmonary  veins  termi- 
nate by  a  common  opening. 

Within  the  lung^  the  branches  of  the  pulmonary  artery  are  in  fronts  the  veins 
behind^  and  the  bronchi  between  the  two. 

At  the  root  of  the  lung^  the  veins  are  in  fronts  the  artery  in  the  middle^  and  the 
bronchus  behind. 

Within  the  pericardium^  their  anterior  surface  is  invested  by  the  serous  layer 
of  this  membrane.  The  right  pulmonary  veins  pass  behind  the  right  auricle  and 
ascending  aorta ;  the  left  pass  in  front  of  the  thoracic  aorta  with  the  left  pulmo- 
nary artery. 

THE  STSTEMIG  VEINS. 

The  systemic  veins  may  be  arranged  into  three  groups :  1.  Those  of  the  head 
and  neck,  upper  extremity,  and  thorax,  which  terminate  in  the  superior  vena  cava. 
2.  Those  of  the  lower  limb,  pelvis,  and  abdomen,  which  terminate  in  the  inferior 
vena  cava.     3.  The  cardiac  veins,  which  open  directly  into  the  right  auricle  of 

the  heart. 

VEINS  OF  THE  HEAD  AND  NECK. 

The  veins  of  the  head  and  neck  may  be  subdivided  into  three  groups :  1.  The 
veins  of  the  exterior  of  the  head  and  face.  2.  The  veins  of  the  neck.  3.  The 
veins  of  the  diploe  and  interior  of  the  cranium. 

Veins  of  the  Exterior  of  the  Head. 

The  veins  of  the  exterior  of  the  head  and  face  are — the 

Frontal.  Temporal. 

Supra-orbital.  Internal  Maxillary. 

Angular.  Temporo-maxillary. 

Facial.  Posterior  Auricular. 

Occipital. 
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The  frontal  vein  coniineDcea  on  the  anterior  part  of  the  skull  by  a  venous 
plexus  which  communicates  with  the  anterior  tributaries  of  the  temporal  vein. 
The  veins  converge  to  form  a  single  trunk,  which  runs  downward  near  the 
middle  line  of  the  forehead  parallel  with  the  vein  of  the  opposite  aide,  and  unites 
with  it  at  the  root  of  the  nose  by  a  transverse  branch  called  the  nmal  arch. 
Occaeiooally  the  frontal  veins  join  to  form  a  single  trunk,  which  bifurcates  at  the 


root  of  the  nose  into  the  two  angular  veins.  At  the  root  of  the  nose  the  veins 
diverge,  and  join  the  supra-orhital  vein,  at  the  inner  angle  of  the  orbit,  to  form 
the  angular  vein. 

The  Bnpra-«rbital  vein  commences  on  the  forehead,  communicating  with  the 
interior  temporal  vein,  and  runs  downward  and  inward,  superficial  to  the 
Oeci  pi  to-frontal  is  muscle,  receiving  tribularies  from  the  neighboring  structures, 
and  joins  the  frontal  vein  at  the  inner  angle  of  the  orbit  to  form  the  angular 
vin. 

The  angnlar  vein,  formed  by  the  junction  of  the  frontal  and  snpra^orbital 
veins,  runs  obliquely  downward  and  outward  on  the  side  of  Ihe  root  of  the  nose, 
and  receives  the  veins  of  the  ala  nasi  on  its  inner  side  antl  the  superior  palpebral 
veins  on  its  outer  side ;  it  moreover  communicales  with  the  ophthalmic  vein,  thus 
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establishing  an  important  anastomosis  between  this  vessel  and  the  cavernous 
sinus.  Some  small  veins  from  the  dorsum  of  the  nose  terminate  in  the  nasal 
arch. 

The  facial  vein  commences  at  the  side  of  the  root  of  the  nose,  being  a  direct 
continuation  of  the  angular  vein.  It  passes  obliquely  downward  and  outward 
beneath  the  Zygomaticus  major  and  minor  muscles,  descends  along  the  anterior 
border  of  the  Masseter,  crosses  over  the  body  of  the  lower  jaw  with  the  facial 
artery,  and,  passing  obliquely  outward  and  backward  beneath  the  Platysma  and 
cervical  fascia,  unites  with  a  branch  of  communication  from  the  temporo-max- 
illary  vein  to  form  a  trunk  of  large  size  which  enters  the  internal  jugular.  From 
near  its  termination  a  communicating  branch  often  runs  down  the  anterior  border 
of  the  Sterno-mastoid  to  join  the  lower  part  of  the  anterior  jugular. 

Tributaries. — The  facial  vein  receives,  near  the  angle  of  the  mouth,  communi- 
cating tributaries  of  considerable  size  (the  deep  facial  or  anterior  internal  maxil- 
lary  vein)  from  the  pterygoid  plexus.  It  is  also  joined  by  the  inferior  palpebral, 
the  superior  and  inferior  labial  veins,  the  buccal  veins  from  the  cheek,  and  the 
masseteric  veins.  Below  the  jaw  it  receives  the  submental ;  the  inferior  palatine, 
which  returns  the  blood  from  the  plexus  around  the  tonsil  and  soft  palate ;  the 
submaxillary  vein,  which  commences  in  the  submaxillary  gland ;  and,  generally, 
the  ranine  vein. 

Surgical  Anatomy. — There  are  some  points  about  the  facial  vein  which  render  it  of  great 
importance  in  surgery.  It  is  not  so  flaccid  as  are  most  superficial  veins,  and,  in  consequence  of 
this,  remains  more  patent  when  divided.  It  has,  moreover,  no  valves.  It  communicates  freely 
with  the  intracranial  circulation,  not  only  at  its  commencement  by  i^s  tributaries,  the  angular 
and  supra-orbital  veins,  communicating  with  the  ophthalmic  vein,  a  tributaiy  of  the  cavernous 
sinus,  out  also  by  its  deep  branch,  which  communicates  through  the  pterygoid  plexus  with  the 
cavernous  sinus  by  branches  which  pass  through  the  foramen  ovale  and  foramen  lacenim 
medium  (seepage  663).  These  facts  have  an  important  bearing  upon  the  surgery  of  some 
diseases  of  the  face,  for  on  account  of  its  patency  the  facial  vein  favors  septic  absorption,  and 
therefore  any  phlegmonous  inflammation  of  the  face  following  a  poisoned  wound  is  liable  to  set 
up  thrombosis  in  the  facial  vein.  And  on  account  of  its  communications  with  the  cerebral 
sinuses  these  thrombi  are  apt  to  extend  upward  into  them,  and  detached  portions  may  give  rise 
to  purulent  foci  in  other  parts  of  the  body,  and  so  induce  a  fatal  issue. 

The  Temporal  Vein  commences  by  a  minute  plexus  on  the  side  and  vertex  of 
the  skull,  which  communicates  with  the  frontal  and  supra-orbital  veins  in  front, 
the  corresponding  vein  of  the  opposite  side,  and  the  posterior  auricular  and 
occipital  veins  behind.  From  this  network  anterior  and  posterior  branches  are 
formed  which  unite  above  the  zygoma,  forming  the  trunk  of  the  vein.  This 
trunk  is  joined  in  this  situation  by  a  large  vein,  the  middle  temporal^  which 
receives  the  blood  from  the  substance  of  the  Temporal  muscle  and  pierces  the 
fascia  at  the  upper  border  of  the  zygoma.  The  temporal  vein  then  descends 
between  the  external  auditory  meatus  and  the  condyle  of  the  jaw,  enters  the  sub- 
stance of  the  parotid  gland,  and  unites  with  the  internal  maxillary  vein  to  form 
the  temporo-maxillary  vein. 

Tributaries. — The  temporal  vein  receives  in  its  course  some  parotid  veins,  an 
articular  branch  from  the  articulation  of  the  jaw,  anterior  auricular  veins  from 
the  external  ear,  and  a  vein  of  large  size,  the  transverse  facial^  from  the  side  of 
the  face.  The  middle  temporal  vein,  previous  to  its  junction  with  the  temporal 
vein,  receives  a  branch,  the  orbital  vein.,  which  is  formed  by  some  external  palpe- 
bral branches,  and  passes  backward  between  the  layers  of  the  temporal  fascia. 

The  Internal  Maxillary  Vein  is  a  vessel  of  considerable  size,  receiving  branches 
which  correspond  with  those  of  the  internal  maxillary  artery.  Thus  it  receives 
the  middle  meningeal  veins,  the  deep  temporal,  the  pterygoid,  masseteric,  buccal, 
alveolar,  some  palatine  veins,  and  the  inferior  dental.  These  branches  form  a 
large  plexus,  the  pterygoid.,  which  is  placed  between  the  Temporal  and  External 
pterygoid  and  partly  between  the  Pterygoid  muscles.  This  plexus  communicates 
very  freely  with  the  facial  vein  and  with  the  cavernous  sinus  by  branches  through 
the  foramen  Vesalii  at  the  base  of  the  skull.     The  trunk  of  the  vein  then  passes 
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backward  behind  the  neck  of  the  lower  jaw,  and  unites  with  the  temporal  vein, 
forming  the  temporo-maxillary  vein. 

The  Temporo-Mazillary  Vein,  formed  by  the  union  of  the  temporal  and  internal 
maxillary  veins,  descends  in  the  substance  of  the  parotid  gland  on  the  outer  surface 
of  the  external  carotid  artery,  between  the  ramus  of  the  jaw  and  the  Sterno-mastoid 
muscle,  and  divides  into  two  branches,  one  of  which  passes  inward  to  join  the 
facial  vein;  the  other  is  joined  by  the  posterior  auricular  vein  and  becomes  the 
external  jugular. 

The  Posterior  Auricular  Vein  commences  upon  the  side  of  the  head  by  a 
plexus  which  communicates  with  the  tributaries  of  the  temporal  and  occipital  veins. 
The  vein  descends  behind  the  external  ear  and  joins  the  temporo-maxillary  vein, 
forming  the  external  jugular.  This  vessel  receives  the  stylo-mastoid  vein  and 
some  tributaries  from  the  back  part  of  the  external  ear. 

The  Occipital  Veins  commence  at  the  back  part  of  the  vertex  of  the  skull  by 
a  plexus  in  a  similar  manner  to  the  other  veins.  These  unite  and  formi  one  or 
two  veins,  which  follow  the  course  of  the  occipital  artery,  passing  deeply  beneath 
the  muscles  of  the  back  part  of  the  neck,  and  terminate  in  the  internal  jugular, 
occasionally  in  the  external  jugular  vein.  As  these  veins  pass  across  the  mastoid 
portion  of  the  temporal  bone,  one  of  them  receives  the  mastoid  vein,  which  thus 
establishes  a  communication  with  the  lateral  sinus. 

The  Veins  of  the  Neck. 

The  veins  of  the  neck,  which  return  the  blood  from  the  head  and  face,  are — the 

External  Jugular.  Anterior  Jugular. 

Posterior  External  Jugular.  Internal  Jugular. 

Vertebral. 

The  External  Jngnlar  Vein  receives  the  greater  part  of  the  blood  from  the 
exterior  of  the  cranium  and  deep  parts  of  the  face,  being  formed  by  the  junction  of 
the  posterior  division  of  the  temporo-maxillary  and  posterior  auricular  veins.  It 
commences  in  the  substance  of  the  parotid  gland,  on  a  level  with  the  angle  of  the 
lower  jaw,  and  runs  perpendicularly  down  the  neck  in  the  direction  of  a  line 
drawn  from  the  angle  of  the  jaw  to  the  middle  of  the  clavicle.  In  its  course  it 
crosses  the  Sterno-mastoid  muscle,  and  runs  parallel  with  its  posterior  border  as 
far  as  its  attachment  to  the  clavicle,  where  it  perforates  the  deep  fascia,  and 
terminates  in  the  subclavian  vein,  on  the  outer  side  of  or  in  front  of  the  Scalenus 
anticus  muscle.  In  the  neck  it  is  separated  from  the  Sterno-mastoid  by  the  anterior 
layer  of  the  deep  cervical  fascia,  and  is  covered  by  the  Platysma,  the  superficial 
fascia,  and  the  integument.  This  vein  is  crossed  about  its  middle  by  the  super- 
ficialis  colli  nerve,  and  its  upper  half  is  accompanied  by  the  auricularis  magnus 
nerve.  The  external  jugular  vein  varies  in  size,  bearing  an  inverse  proportion  to 
that  of  the  other  veins  of  the  neck  ;  it  is  occasionally  double.  It  is  provided  with 
two  pairs  of  valves,  the  lower  pair  being  placed  at  its  entrance  into  the  subclavian 
vein,  the  upper  pair  in  most  cases  about  an  inch  and  a  half  above  the  clavicle. 
The  portion  of  vein  between  the  two  sets  of  valves  is  often  dilated,  and  is  termed 
the  sinus.  These  valves  do  not  prevent  the  regurgitation  of  the  blood  or  the 
passage  of  injection  from  below  upward.* 

Surgical  Anatomy. — ^Venesection  used  formerly  to  be  performed  on  the  external  jugular 
vein,  but  is  now  probably  never  resorted  to.  The  anatomical  point  to  be  remembered  in  per- 
forming this  operation  is  to  cut  across  the  fibres  of  the  Platysma  myoides  in  opening  the  vein, 
so  that  by  their  contraction  they  will  expose  the  orifice  in  the  vein  and  so  allow  the  flow  of 
Mood. 

Tributaries. — This  vein  receives  the  occipital  occasionally,  the  posterior  external 
jugular,  and  near  its  termination,  the  suprascapular  and  transverse  cervical  veins. 

*  The  student  may  refer  to  an  interesting  paper  by  Dr.  Struthers,  "  On  Jugular  Venesection  in 
Asph^'xia,  anatomically  and  experimentally  considered,  including  the  Demonstration  of  Valves  in 
the  ^  eins  of  the  Neck,"  in  the  Edvnhurgh  Medical  Jowrnd  for  November,  1866. 
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It  communicates  with  the  anterior  jugular,  and,  in  the  substance  of  the  parotid, 
receives  a  large  branch  of  communication  from  the  internal  jugular. 

The  Posterior  External  Jugular  Vein  commences  in  the  occipital  region,  and 
returns  the  blood  from  th6  integument  and  superficial  muscles  in  the  upper  and 
back  part  of  the  neck,  lying  between  the  Splenius  and  Trapezius  muscles.  It  runs 
down  the  back  part  of  the  neck,  and  opens  into  the  external  jugular  just  below 
the  middle  of  its  course. 

The  Anterior  Jugular  Vein  commences  near  the  hyoid  bone  from  the  con- 
vergence of  several  superficial  veins  from  the  submaxillary  region.  It  passes 
down  between  the  median  line  and  the  anterior  border  of  the  Sterno-mastoid, 
and  at  the  lower  part  of  the  neck  passes  beneath  that  muscle  to  open  into  the 
termination  of  the  external  jugular  or  into  the  subclavian  vein  (Fig.  888).  This 
vein  varies  considerably  in  size,  bearing  almost  always  an  inverse  proportion  to  the 
external  jugular.  Most  freijuently  there  are  two  anterior  jugulars,  a  right  and 
left,  but  occasionally  only  one.  This  vein  receives  some  laryngeal  veins,  and 
occasionally  a  small  thyroid  vein.  Just  above  the  sternum  the  two  anterior 
jugular  veins  communicate  by  a  transverse  trunk,  which  receives  tributaries  from 
the  inferior  thyroid  veins.  It  also  communicates  with  the  internal  jugular.  There 
are  no  valves  in  this  vein. 

The  Internal  Jugular  Vein  collects  the  blood  from  the  interior  of  the  cranium, 
from  the  superficial  parts  of  the  face,  and  from  the  neck.  It  commences  just 
external  to  the  jugular  foramen,  at  the  base  of  the  skull,  being  formed  by  the 
coalescence  of  the  lateral  and  inferior  petrosal  sinuses  (Fig.  386).  At  its  origin  it 
is  somewhat  dilated,  and  this  dilatation  is  called  the  »mw«,  or  gtdfy  of  the  internal 
jugular  vein.  It  runs  down  the  side  of  the  neck  in  a  vertical  direction,  lying  at 
first  on  the  outer  side  of  the  internal  carotid,  and  then  on  the  outer  side  of  the 
common  carotid,  and  at  the  root  of  the  neck  unites  with  the  subclavian  vein  to 
form  the  innominate  vein.  The  internal  jugular  vein,  at  its  commencement,  lies 
upon  the  Rectus  capitis  lateralis,  and  behind  the  internal  carotid  and  the  nerves 
passing  through  the  jugular  foramen ;  lower  down,  the  vein  and  artery  lie  upon 
the  same  plane,  the  glosso-pharyngeal  and  hypoglossal  nerves  passing  forward 
between  them;  the  pneumogastric  descends  between  and  behind  them  in  the 
same  sheath,  and  the  spinal  accessory  passes  obliquely  outward  behind  the 
vein.  At  the  root  of  the  neck  the  vein  of  the  right  side  is  placed  at  a  little 
distance  from  the  artery ;  on  the  left  side  it  usually  lies  over  the  artery  at  its 
lower  part.  The  right  internal  jugular  vein  crosses  the  first  part  of  the  subclavian 
artery.  The  vein  is  of  considerable  size,  but  varies  in  different  individuals,  the 
left  one  being  usually  the  smaller.  It  is  provided  with  a  pair  of  valves,  which 
are  placed  at  its  point  of  termination  or  from  half  to  three-quarters  of  an  inch 
above  it. 

Tributaries. — This  vein  receives  in  its  course  the  facial,  lingual,  pharyngeal, 
superior  and  middle  thyroid  veins,  and  sometimes  the  occipital.  At  its  point  of 
junction  with  the  branch  common  to  the  temporo-maxillary  and  facial  veins  it 
becomes  greatly  increased  in  size. 

The  Ungual  veins  commence  on  the  dorsum,  sides,  and  under  surface  of  the 
tongue,  and,  passing  backward,  following  the  course  of  the  lingual  artery  and  its 
branches,  terminate  in  the  internal  jugular.  Sometimes  the  ranine  vein,  which  is 
a  branch  of  considerable  size  commencing  below  the  tip  of  the  tongue,  joins  the 
lingual.  Generally,  however,  it  passes  backward,  crosses  the  Hyo-glossus  muscle 
in  company  with  the  hypoglossal  nerve,  and  joins  the  facial. 

The  pharjmgeal  vein  commences  in  a  minute  plexus,  the  pharyngeal^  at  the 
back  part  and  sides  of  the  pharynx,  and,  after  receiving  meningeal  tributaries 
and  the  Vidian  and  spheno-palatine  veins,  terminates  in  the  internal  jugular.  It 
occasionally  opens  into  the  facial,  lingual,  or  superior  thyroid  vein. 

The  superior  thsrroid  vein  commences  in  the  substance  and  on  the  surface  of 
the  thyroid  gland  by  tributaries  corresponding  with  the  branches  of  the  superior 
thyroid  artery,  and  terminates  in  the  upper  part  of  the  internal  jugular  vein. 
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The  middle  thyroid  vein  collects  the  blood  from  the  lower  part  of  the  lateral 
lobe  of  the  thyroid  gland,  and,  being  joined  by  some  veins  from  the  larynx  and 
trachea,  terminates  in  the  lower  part  of  the  internal  jugular  vein. 

The  &cial  and  occipital  veins  have  been  described  above. 

Surgical  Anatomy. — The  internal  jugular  vein  occasionally  reauires  ligature  in  cases  of 
septic  thrombosis  of  the  lateral  sinus  from  suppuration  in  the  niidale  ear,  m  order  to  prevent 
embolism  of  the  thoracic  viscera.  This  operation  has  been  performed  recently  in  several  cases 
with  the  most  satisfactoiy  results.  The  cases  are  generally  those  of  chronic  disease  of  the  middle 
ear,  with  discharge  of  pus  which  perhaps  has  existed  for  many  years.  The  patient  is  seized  with 
acute  septic  inflammation,  spreading  to  the  mastoid  cells,  and  consequent  on  this  septic  throm- 
bosis of  the  lateral  sinus  extending  to  the  internal  jugular  vein.  Such  cases  are  always  extremely 
grave,  for  there  is  a  danger  of  a  portion  of  the  septic  clot  being  detached  and  causing  septic 
embolism  in  the  thoracic  viscera.  This  may  be  mechanically  prevented  by  ligature  of  the  inter- 
nal jugular  vein  in  the  middle  of  the  neck.  The  operation  is  a  comparatively  simple  one,  and 
may  be  performed  by  an  incision  similar  to  that  employed  in  ligature  of  the  common  carotid 
arteiy. 

The  Vertebral  Vein  commences  in  the  occipital  region  by  numerous  small 
tributaries  from  the  deep  muscles  at  the  upper  and  back  part  of  the  neck ;  these 
pass  outward  and  enter  the  foramen  in  the  transverse  process  of  the  atlas,  and 
descend,  forming  a  dense  plexus  around  the  vertebral  artery  in  the  canal  formed 
by  the  transverse  processes  of  the  cervical  vertebrae.  This  plexus  unites  at  the 
lower  part  of  the  neck  into  two  main  trunks,  one  of  which  emerges  from  the 
foramen  in  the  transverse  process  of  the  sixth  cervical  vertebra,  and  the  others 
through  that  of  the  seventh,  and,  uniting,  form  a  single  vessel,  which  terminates 
at  the  root  of  the  neck  in  the  back  part  of  the  innominate  vein  near  its  origin,  its 
mouth  being  guarded  by  a  pair  of  valves.  On  the  right  side  it  crosses  the  first 
part  of  the  subclavian  artery. 

Tribntaries. — The  vertebral  vein  receives  in  its  course  a  vein  from  the  inside 
of  the  skull  through  the  posterior  condyloid  foramen ;  muscular  veins  from  the 
muscles  in  the  prevertebral  region ;  dorsi-spinal  veins,  from  the  back  part  of  the 
cer\'ical  portion  of  the  spine ;  meningo-rachidian  veins,  from  the  interior  of  the 
spinal  canal ;  the  anterior  and  posterior  vertebral  veins ;  and  close  to  its  termina- 
tion it  is  joined  by  a  small  vein  from  the  first  intercostal  space  which  accompanies 
the  superior  intercostal  artery. 

The  anterior  vertebral  vein  commences  in  a  plexus  around  the  transverse  pro- 
cesses of  the  upper  cervical  vertebrae,  descends  in  company  with  the  ascending 
cervical  artery  between  the  Scalenus  anticus  and  Rectus  capitis  anticus  major 
muscles,  and  opens  into  the  vertebral  vein  just  before  its  termination. 

The  posterior  vertebral  vein  (the  deep  cervical)  accompanies  the  profunda  cer- 
vicis  artery,  lying  between  the  Complexus  and  Semispinalis  colli.  It  commences 
in  the  suboccipital  region  by  communicating  branches  from  the  occipital  vein  and 
tributaries  from  the  deep  muscles  at  the  back  of  the  neck.  It  receives  tribu- 
taries from  the  plexuses  around  the  spinous  processes  of  the  cervical  vertebrae,  and 
terminates  in  the  lower  end  of  the  vertebral  vein. 

The  Veins  of  the  Diploe. 

The  diploe  of  the  cranial  bones  is  channelled  in  the  adult  by  a  number  of 
tortuous  canals,  which  are  lined  by  a  more  or  less  complete  layer  of  compact 
tissue. 

The  veins  they  contain  are  large  and  capacious,  their  walls  being  thin,  and 
formed  only  of  endothelium  resting  upon  a  layer  of  elastic  tissue,  and  they  pre- 
sent at  irregular  intervals  pouch-like  dilatations,  or  cuh'de-Bac\  which  serve  as 
reservoirs  for  the  blood.  These  are  the  veins  of  the  diploe ;  they  can  only  be 
displayed  by  removing  the  outer  table  of  the  skull. 

In  adult  life,  as  long  as  the  cranial  bones  are  distinct  and  separable,  these 
veins  are  confined  to  the  particular  bones ;  but  in  old  age,  when  the  sutures  are 
united,  they  communicate  with  each  other  and  increase  in  size.  These  vessels 
communicate,  in  the  interior  of  the  cranium,  with  the  meningeal  veins  and  with 
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the  siDUBes  of  the  dara  mater,  aod  od  the  exterior  of  the  skull  with  the  veins  of 
the  pericranium.  They  are  divided  into  the  frontal,  which  opens  into  the  supra- 
orbital vein  by  an  aperture  in  the  supra-orbital  notch ;  the  anterior  temporal.. 
which  is  confined  chiefly  to  the  frontal  bone,  and  opens  into  one  of  the  deep 
temporal  veins,  after  escaping  by  an  aperture  in  the  great  wing  of  the  sphenoid ; 
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the  posterior  temporal,  which  is  confined  to  the  parietal  hone,  and  terminates  in 
the  lateral  sinus  by  an  aperture  at  the  posterior  inferior  angle  of  the  parietal 
bone ;  and  the  occipital,  the  largest  of  the  four,  which  is  confined  to  the  occipital 
bone,  and  opens  eitner  into  the  occipital  vein  or  internally  into  the  lateral  sinus 
or  torcular  Herophili. 

The  Cerebral  Veins. 

The  Cerebral  Veins  are  remarkable  for  the  extreme  thinness  of  their  coats  in 
consequence  of  the  muscular  tissue  in  them  being  wanting,  and  for  the  absence 
of  valves.  They  may  be  divided  into  two  sets:  the  superficial,  which  are  placed 
on  the  surface,  and  the  deep  veins,  which  occupy  the  interior  of  the  organ. 

The  Superficial  Cerebral  Veins  ramify  upon  the  surface  of  the  brain,  being 
lodged  in  the  sulci  between  the  convolutions,  a  few  running  across  the  convolu- 
tions. They  receive  branches  from  the  substance  of  the  brain  and  terminate  in 
the  sinuses.  They  are  named,  from  the  position  they  occupy,  superior,  median, 
and  inferior  cerebral  veins. 

The  Superior  Cerebral  Veins,  eight  to  twelve  in  number  on  each  side,  return 
the  blood  from  the  convolutions  on  the  superior  surface  of  the  hemisphere;  they 
pass  forward  and  inward  toward  the  great  longitudinal  fissure,  where  they  receive 
the  median  cerebral  veinx  :  near  their  termination  they  become  invested  with  a 
tubular  sheath  of  ibe  arachnoid  membrane,  and  open  into  the  superior  longitudi- 
nal sinus  in  the  opposite  direction  to  the  course  of  the  blood. 

The  Uedian  Cerebral  Veins  return  the  blood  from  the  convolutions  of  the  mesial 
surface  of  the  corresponding  hemisphere;  they  open  into  the  superior  cerebral 
veins,  or  occasionally  into  the  inferior  longitudinal  sinus. 

The  Inferior  Cerebral  Veins  ramify  on  the  lower  part  of  the  outer  and  on  the 
under  surface  of  the  cerebral  hemisphere.  Some,  collecting  tributaries  from  the 
under  surface  of  the  anterior  lobes  of  the  brain,  terminate  in  the  cavernous  sinus. 
One  vein  of  large  size,  the  middle  cerebral  vein,  commences  on  the  under  surface 
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of  the  temporo-sphenoidal  lobe,  and,  running  along  the  fissure  of  Sylvius,  opens 
into  the  cavernous  sinus.  Another  large  vein,  the  great  anastomotic  vein  of  Tro- 
lard^  commences  on  the  parietal  lobe,  runs  along  the  horizontal  limb  of  the  fissure 
of  Sylvius,  and  opens  into  the  anterior  part  of  the  cavernous  sinus  under  the  lesser 
wing  of  the  sphenoid.  Others  commence  on  the  under  surface  of  the  base  of  the 
brain,  and  unite  to  form  from  three  to  five  veins,  which  open  into  the  superior 
petrosal  and  lateral  sinuses  from  before  backward. 

The  Deep  Oerebral,  or  Ventricular  Veins  (vence  Galeni),  are  two  in  number. 
They  are  formed  by  the  union  of  two  veins,  the  vena  corporid  striatic  and  the 
choroid  vein,  on  either  side.  They  run  backward,  parallel  with  one  another, 
betw^een  the  layers  of  the  velum  interpositum,  and  pass  out  of  the  brain  at 
the  great  transverse  fissure,  between  the  posterior  extremity,  or  splenium,  of  the 
corpus  callosum  and  the  tubercula  quadrigemina,  to  enter  the  straight  sinus.  The 
two  veins  usually  unite  to  form  one  before  opening  into  the  straight  sinus. 

The  vena  corporis  striati  commences  in  the  groove  between  the  corpus  striatum 
and  thalamus  opticus,  receives  numerous  veins  from  both  of  these  parts,  and  unites 
behind  the  anterior  pillar  of  the  fornix  with  the  choroid  vein  to  form  one  of  the 
venae  Galeni. 

The  choroid  vein  runs  along  the  whole  length  of  the  outer  border  of  the  choroid 
plexus,  receiving  veins  from  the  hippocampus  major,  the  fornix  and  corpus  callosum, 
and  unites,  at  the  anterior  extremity  of  the  choroid  plexus,  wuth  the  vein  of  the 
corpus  striatum. 

The  Oerebellar  Veins  occupy  the  surface  of  the  cerebellum,  and  are  disposed  in 
three  sets,  superior,  inferior,  and  lateral.  The  superior  pass  forward  and  inward 
across  the  superior  vermiform  process,  and  terminate  in  the  straight  sinus ;  some 
open  into  the  venae  Galeni.  The  inferior  cerebellar  veins,  of  large  size,  run  trans- 
versely outward,  and  terminate  by  two  or  three  trunks  in  the  lateral  sinuses.  The 
lateral  anterior  cerebellar  veins  terminate  in  the  superior  petrosal  sinuses. 

The  iDerivascular  lymph-sheaths  alluded  to  above  (see  page  87)  are  especially  found  in  con- 
oection  with  the  vessels  of  the  brain.  These  vessels  are  enclosed  in  a  sheath  which  acts  as  a 
lymphatic  channel,  through  which  the  lym|)h  is  carried  to  the  subarachnoid  and  subdural  spaces, 
m)m  which  it  is  returned  into  the  general  circulation. 

The  Sinuses  of  the  Dora  Blater. 

The  sinuses  of  the  dura  mater  are  venous  channels,  analogous  to  the  veins,  their 
outer  coat  being  formed  by  the  dura  mater ;  their  inner,  by  a  continuation  of  the 
lining  membrane  of  the  veins.  They  are  fifteen  in  number,  and  are  divided  into 
two  sets :  1,  those  situated  at  the  upper  and  back  part  of  the  skull ;  2,  those  at 
the  base  of  the  skull.     The  former  are — the 

Superior  Longitudinal.  Straight  Sinus. 

Inferior  Longitudinal.  Lateral  Sinuses. 

Occipital  Sinus. 

The  Superior  Longitudinal  Sinus  occupies  the  attached  margin  of  the  falx 
cerebri.  Commencing  at  the  foramen  caecum,  through  which  it  constantly  com- 
municates bv  a.  small  branch  with  the  veins  of  the  nasal  fossae,  it  runs  from  before 
backward,  grooving  the  inner  surface  of  the  frontal,  the  adjacent  margins  of  the 
two  parietal,  and  the  superior  division  of  the  crucial  ridge  of  the  occipital  bone, 
and  terminates  by  opening  into  the  torcular  Herophili.  The  sinus  is  triangular 
in  form,  narrow  in  front,  and  gradually  increasing  in  size  as  it  passes  backward. 
On  examining  its  inner  surface  it  presents  the  internal  openings  of  the  superior 
cerebral  veins,  which  run,  for  the  most  part,  from  behind  forward,  and  open  chiefly 
at  the  back  part  of  the  sinus,  their  orifices  being  concealed  by  fibrous  folds ; 
numerous  fibrous  bands  (chordoe  Willisii)  are  also  seen,  extending  transversely 
across  the  inferior  angle  of  the  sinus ;  and,  lastly,  some  small,  white,  projecting 
bodies,  the  glandulce  Pacchioni,  This  sinus  receives  the  superior  cerebral  veins, 
numerous  veins  from  the  diploe  and  dura  mater,  and,  at  the  posterior  extremity 
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of  the  sagittal  Buture,  veins  from  the  pericranium,  which  pass  through  the  parietal 
foramen. 

The  torcular  Htrophili  is  the  dilated  extremity  of  the  superior  longitudinal 
sinus.  It  is  of  irregular  form,  and  is  lodged  on  one  side  (generally  the  right) 
of  the  internal  occipital  protuberance.  From  it  the  lateral  sinus  of  the  side 
to  which  it  ia  deflected  is  derived.     It  receives  also  the  blood  from  the  occipital 

The  Inferior  Longitndinsl  Sinns,  more  correctly  described  as  the  inferior  longi- 
tudinal vein,  is  contained  in  the  posterior  part  of  the  free  margin  of  the  falx 
cerebri.  It  is  of  a  cylindrical  form,  increases  in  size  as  it  passes  backward,  and 
terminates  in  the  straight  sinus.  It  receives  several  veins  from  the  falx  cerebri, 
and  occasionally  a  few  from  .'he  mesial  surface  of  the  hemispheres. 

The  Straight  SinuB  is  situated  at  the  line  of  junction  of  the  falx  cerebri  with 
the  tentorium.  It  is  triangular  in  form,  increases  in  size  as  it  proceeds  backward, 
and  runs  obliquely  downward  and  backward  from  the  termination  of  the  inferior 
longitudinal  sinus  to  the  lateral  sinus  of  the  opposite  side  to  that  into  which  the 
superior  longitudinal  sinus  is  prolonged.     It  communicates  by  a  cross  branch 
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with  the  torcular  Heropbili.  Beside  the  inferior  longitudinal  sinus,  it  receives 
the  venie  Galeni  and  the  superior  cerebellar  veins.  A  few  transverse  bands  cross 
its  interior. 

The  Lateral  Sinuses  are  of  large  size,  and  are  situated  in  the  attached  margin 
of  the  tentorium  cerebelH.  They  commence  at  the  internal  occipital  protuberance, 
the  one,  generally  the  right,  being  the  direct  continuation  of  the  superior  longi- 
tudinal sinus,  the  other  of  the  straight  sinus.  They  pass  horizontally  outward 
to  the  base  of  the  petrous  portion  of  the  temporal  bone,  then  curve  downward  and 
inward  on  each  side  to  reach  the  jugular  foramen,  where  they  terminate  in  the 
internal  jugular  vein.  Each  sinus  rests,  in  its  course,  upon  the  inner  surface  of 
Ihe  occipital,  the  posterior  inferior  angle  of  the  parietal,  the  mastoid  portion  of  the 
temporal,  and  on  the  occipital,  again  just  before  its  termination.  These  sinuses 
are  frequently  of  unequal  size,  that  formed  by  the  superior  longitudinal  sinus  being 
the  larger,  and  they  increase  in  size  as  they  proceed  from  behind  forward.  The 
horizontal  portion  is  of  a  triangular  form,  the  curved  portion  semicyllndrical. 
Their  inner  surface  is  smooth,  and  not  crossed  by  the  fibrous  bands  found  in  the 
other  sinuses.  These  sinuses  receive  the  blood  from  the  superior  petrosal  sinnses 
at  the  base  of  the  petrous  portion  of  the  temporal  bone,  and  they  unite  with  the 
inferior  petrosal  sinus,  just  external  to  the  jugular  foramen,  to  form  the  internal 
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jugular  vein  (Pig.  386).  They  communicate  with  the  veins  of  the  pericranium 
by  means  of  the  mastoid  and  posterior  condyloid  veins,  and  they  receive 
soioe  of  the  inferior  cerebral  and  inferior  cerebellar  veins  and  some  veins  from 
the  diploe. 

The  Occipital  is  the  smallest  of  the  cranial  sinuses.  It  is  generally  single,  but 
occasionally  there  are  two.  It  is  situated  in  the  attached  margin  of  the  falx  cere- 
beili.  It  commences  by  several  small  veins  around  the  margin  of  the  foramen 
magnum,  one  of  which  joins  the  termination  of  the  lateral  sinus;  it  communicates 
with  the  posterior  spinal  veins  and  terminates  in  the  torcular  Herophili. 

The  sinuses  at  the  base  of  the  skull  arc — the 

Cavernous.  Superior  Petrosal. 

Circular.  Inferior  Petrosal. 

Transverse. 

The  CavenioiiB  Sinnsea  are  named  from  their  presenting  a  reticulated  structure. 
They  are  two  in  number,  of  large  size,  and  placed  one  on  each  side  of  the  sella 
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Pm,  !Kll,— Plan  showing  the  relative  poeltlon  of  the  Btiuclurei  in  the  right  cavernous  ainui,  viewed  from 

turcica,  extending  from  the  sphenoidal  fissure  to  the  apex  of  the  petrous  portion 
of  the  temporal  bone;  they  receive  anteriorly  the  ophthalmic  vein  through  the 
sphenoidal  fissure,  and  open  behind  into  the  petrosal  sinuses.  On  the  inner  wall 
of  each  sinus  is  found  the  internal  carotid  artery,  accompanied  by  filaments  of  the 
carotid  plexus  and  by  the  sixth  nerve  ;  and  on  its  outer  wall,  the  third,  fourth,  and 
ophthalmic  division  of  the  fifth  nerve.  These  parts  are  separated  from  the  blood 
flowing  along  the  sinus  by  the  lining  membrane,  which  is  continuous  with  the 
inner  coat  of  the  veins.  The  cavity  of  the  sinus,  which  is  larger  behind  than  in 
front,  is  intersected  by  filaments  of  fibrous  tissue  and  small  vessels.  The  cavernous 
sinuses  receive  some  of  the  cerebral  veins;  they  communicate  with  the  lateral 
sinuses  by  means  of  the  superior  and  inferior  petrosal,  and  with  the  facial  vein 
through  the  ophthalmic.  They  also  communicate  with  each  other  by  means  of  the 
circular  sinus. 

Sorgical  Anatomy. — An  arterio-venous  communication  may  be  established  between  the 
caveinous  sinus  and  tbe  carotid  artery,  as  it  lies  in  it,  givin^c  rise  to  a  pulsating  tumor  in  the 
orbit.  These  communicationB  may  be  the  result  of  injury,  such  «8  a  bullet  wound,  a  stab,  or  a 
blow  or  fall  sufficiently  severe  lo  cause  a  fracture  of  the  base  of  the  skull  in  this  situation,  or 
tbey  may  occur  idiopathically  from  the  rupture  of  an  aneiiriHtti  or  a  diseased  oondition  of  the 
iatemal  carotid  artery.  The  disease  begins  with  sudden  noise  and  pain  in  the  head,  followed  by 
exophthalmos,  and  development  of  a  pulsating  tumor  at  the  margin  of  the  orbit,  with  thriU 
and  the  characteristic  bruit.  In  some  cages  the  opposite  orbit  becomes  affected  by  the  passage 
of  the  arterial  blood  into  the  opposite  sinus  by  means  of  tbe  circular  sinus.  Or  the  arterial 
blood  may  find  Its  way  through  the  emissary  veins  (see  page  6t>:tj  into  the  pteryfioid  plexus,  and 
thence  into  the  veins  of  the  face.  Pulsating  tumors  of  the  orbit  may  also  be  due  to  traumatic 
aneurism  of  one  of  the  orbital  arteries,  and  symptoms  resembling  those  of  pulsating  tumor  may 
be  produced  by  pressure  on  the  ophthalmic  vein,  as  it  enters  the  sinus,  by  an  aneurism  of  the 
internal  carotid  artery. 

The  opbthalmic  is  a  large  vein  which  connects  the  angular  vein  at  the  inner 
angle  of  the  orbit  with  the  cavernous  sinus ;  it  pursues  the  same  couri^e  as 
the  ophthalmic  artery,  and  receives  tributaries  corresponding  to  the  branches 
derived   from   that   vessel.     Forming   a  short   single   trunk,  it   passes  through 
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the  inner  extremity  of  the  sphenoidal  fissure  and  terminates  in  the  cavernous 

The  Inferior  Ophthalmic  Vein. — Sometimes  the  veins  from  the  floor  of  the  orbit 
collect  into  a  separate  trunk,  the  inferior  ophthalmic  vein,  which  either  passes  out 
of  the  orbit  through  the  spheno-maxillary  fissure  to  join  the  pterygoid  plexus  of 
veins,  or  else,  passing  backward  through  the  sphenoidal  fissure,  it  enters  the 
cavernous  sinus,  either  by  a  separate  opening  or  in  common  with  the  ophthalmic 
vein. 

The  Circular  Sinus  is  formed  by  two  transverse  vessels  which  connect  together 
the  two  cavernous  sinuses,  the  one  passing  in  front  and  the  other  behind  the 
pituitary  body,  and  thus  forming  with  the  cavernous  sinuses  a  venous  circle  around 
the  body.  The  anterior  one  is  usually  the  larger  of  the  two,  and  one  or  other  is 
occasionally  found  to  be  absent. 

The  Superior  Febosal  Sinus  is  situated  along  the  superior  border  of  the  petrous 
portion  of  the  temporal  bone,  in  the  front  part  of  the  attached  margin  of  the 
tentorium.      It   is   small    and   narrow,    and    connects    together   the 


Fio.  S85.— The  alnmes  at  the  bMe  of  the  sliull. 

and  lateral  sinuses  at  each  side.  It  receives  a  cerebellar  vein  {anterior  lateral 
cerebellar)  from  the  anterior  border  of  the  cerebellum,  and  a  vein  from  the 
internal  ear. 

The  Inferior  Petrosal  Smns  is  situated  in  the  groove  formed  by  the  junction  of 
the  posterior  border  of  the  petrous  portion  of  the  temporal  with  the  basilar  process 
of  the  occipital.  It  commences  in  front  at  the  termination  of  the  cavernous  sinus, 
and  behind  joins  the  lateral  sinus  after  it  has  passed  through  the  jugular  foramen, 
the  junction  of  these  two  sinuses  forming  the  commencement  of  the  internal 
jugular  vein. 

The  junction  of  the  two  sinuses  takes  place  at  the  lower  border  of,  or  just 
external  to,  the  jugular  foramen.  The  exact  relation  of  the  parts  to  one  another 
in  the  foramen  is  as  follows:  The  inferior  petrosal  sinus  is  in  front,  with  the 
meningeal  branch  of  the  ascending  pharyngeal  artery,  and  is  directed  obliquely 
downward  and  backward ;  the  lateral  sinus  is  situated  at  the  back  part  of  the  fora- 
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men  with  a  meningeal  branch  of  the  occipital  artery,  and  between  the  two  are 
the  glosso-pharyngea),  pneumogastric,  and  epinal  accessory  nerves.  These  three 
Mts  of  structures  are  divided  from  each  other  by  two  processes  of  fibrous  tissue. 
The  junction  of  the  sinusea  takes  place  superficial  to  the  nerves,  so  that  these  latter 
lie  a  httle  internal  to  the  venous  channels  in  the  foramen  (see  Fig.  386).  These 
siEusea  are  semi  cylindrical  in  form. 

The  Tranaverse  SinuB,  or  basilar  sinna,  consists  of  several  interlacing  veins 
between  the  layers  of  the  dura  mat«r  over  the  basilar  process  of  the  occipital  bone, 
which  serve  to  connect  the  two  inferior  petrosal  sinuses.  With  them  the  anterior 
epinal  veins  communicate. 

EmiBBuy  Veins. — The  emissary  veins  are  vessels  which  pass  through  apertures 


FlO.  388.— BeUllon  of  itruclnres  Id  Jugular  roTamen. 

in  the  cranial  wall  and  establish  communications  between  the  sinuses  inside  the 
skul!  and  the  veins  external  to  it.  Some  of  these  are  always  present,  others  only 
octasionally  so.  Thev  vary  much  in  size  in  different  individuals.  The  principal 
emissary  veins  are  the  following:  1.  A  vein,  almost  always  present,  which  passes 
through  the  mastoid  foramen  and  connects  the  lateral  sinus  with  the  posterior 
auricular  or  with  an  occipital  vein.  2.  A  vein  which  passes  through  the  parielal 
fijramen  and  connects  the  superior  longitudinal  sinus  with  the  veins  of  the  scalp. 
3.  K  plexus  of  minute  veins  which  pass  through  the  anterior  condyloid  foramen 
antl  connect  the  occipital  sinus  with  the  vertebral  vein  and  deep  veins  of  the  neck. 
4-  An  inconstant  vein  which  passes  through  the  posterior  condyloid  foramen  and 
ninnecta  the  lateral  sinus  with  the  deep  veins  of  the  neck.  5.  One  or  two  veins 
"f  considerable  size  which  pass  through  the  foramen  ovale  and  connect  the  cav- 
emotis  sinus  with  the  pterygoid  and  pharyngeal  plexuses.  6.  Two  or  three  small 
veins  which  pass  through  the  foramen  lacenim  medium  and  connect  the  cavernous 
sinus  with  the  pterygoid  and  pharyngeal  plctuses.     7.  There  is  sometimes  a  small 
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vein  passing  through  the  foramen  of  Vesalius  connecting  the  same  parts.     8.  A 
plexus  of    veins  passing    through    the   carotid  canal  and   connecting  the  cav- 
ernous sinus  with  the  internal  jugular 
vein. 

Surgical  Anatomy.—These  emiasaiy 
veins  are  of  great  importance  in  surgery.  In 
addition  t«  them  there  are.  however,  othercom- 
munications  between  the  intra-  and  extra-ns- 
nial  circulation,  as,  ibr  instance,  the  communi- 
cation of  the  angular  and  supra-orbital  veins 
with  the  uphthalmic  vein  at  the  inner  angle  of 
the  orbit  Ipwe  653),  and  the  communioition 
of  the  veins  of  the  scalp  wilh  the  diploic  veins 
(page  G58).  Through  these  commuuications 
inflammatot}'  processes  commencing  on  the  out- 
side of  the  skull  may  travel  inward,  leading  to 
osieo-phlefaitis  of  the  diploe  and  inflammation 
of  the  DicDibrancs  of  the  brain.  To  this  must 
he  attributed  one  of  the  principal  dangers  of 
sculp  wounds  and  other  injuries  of  the  scalp, 

By  means  of  these  emissar>'  veins  blood 
may  be  abstracted  almuEt  directly  from  ihe 
intracranial  ciR-ulation.  For  instance,  leeches 
applied  behind  the  ear  abstract  blood  aJmiist 
directly  from  the  lateral  sinus  through  ihe  vein 
pasMng  through  the  mastoid  foramen.  Again, 
epist  axi s  in  ch ildren  will  frequent  ly  relieve  severe 
headache,  the  blood  which  flaws  from  the  uose 
being  derive<l  iron*  the  longitudinal  sinus  by 
means  of  the  vein  which  passes  through  the 
foramen  ciccum,  which  is  another  comiuunica- 
not  tion  between  the  intracranial  and  extracranial 
jf,  totu     circulation  which  is  constantly  found  in  children. 


The  veins  of  the  Upper  E.xtremitj  are 
divided  into  two  sets,  superficial  and  derp. 

The  Superflcial  Veins  are  placed  im- 
mediately beneath  the  integument  be- 
tween the  two  lavers  of  superficial  foBcia. 

The  Deep  Veins  accompany  the  ar- 
teries, and  constitute  the  venic  comites 
of  those  vessels. 

Both  sets  of  vessels  are  provided  with 
valves,  which  are  more  numerous  in  the 
deep  than  in  the  superficial. 

The  superficial  veins  of  the  upper 
extremity  are — the 

Superficial  veins  of  the  Hand. 
Anterior  Ulnar, 
Posterior  Ulnar. 
Common  Ulnar. 
Radial. 
Median. 
Median  Basilic. 
Median  Cephalic. 
Basilic. 
Fio.  887.— The  supcrflcinl  veins  of  the  upper  eitrcmlly.  Cephalic. 

The  Superficial  Veins  of  the  Hand  and  Fingers  are  principally  situated  on  the 
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dorsal  surface,  and  form  two  plexuses,  an  inner  and  outer,  on  the  back  of  the 
hand.  The  inner  plexus  is  formed  by  the  veins  from  the  little  finger  {vena  salva- 
tella),  the  ring  finger,  and  the  ulnar  side  of  the  middle  finger ;  from  it  the  anterior 
and  posterior  ulnar  veins  are  derived.  The  outer  plexus  is  formed  by  veins  from 
the  thumb,  the  index  finger,  and  radial  side  of  the  middle  finger ;  from  it  the 
radial  vein  is  derived.  These  two  plexuses  communicate  on  the  back  of  the  hand, 
forming  the  superficial  arch  of  veins  in  this  situation.  The  superficial  veins  from 
the  palm  of  the  hand  form  a  plexus  in  front  of  the  wrist,  from  which  the  median 
vein  is  derived. 

The  Anterior  Ulnar  Vein  commences  on  the  anterior  surface  of  the  ulnar  side 
of  the  hand  and  wrist,  and  ascends  along  the  anterior  surface  of  the  ulnar  side  of 
the  forearm  to  the  bend  of  the  elbow,  where  it  joins  with  the  posterior  ulnar  vein 
to  form  the  common  ulnar.  Occasionally  it  opens  separately  into  the  median 
basilic  vein.  It  communicates  with  branches  of  the  median  vein  in  front  and 
with  the  posterior  ulnar  behind. 

The  Posterior  Ulnar  Vein  commences  on  the  posterior  surface  of  the  ulnar  side 
of  the  wrist.  It  runs  on  the  posterior  surface  of  the  ulnar  side  of  the  forearm, 
and  just  below  the  elbow  unites  with  the  anterior  ulnar  vein  to  form  the  common 
ulnar,  or  else  joins  the  median  basilic  to  form  the  basilic.  It  communicates  with 
the  deep  veins  of  the  palm  by  a  branch  which  emerges  from  beneath  the  Abductor 
minimi  digiti  muscle. 

The  Common  Ulnar  is  a  short  trunk  which  is  not  constant.  When  it  exists  it 
is  formed  by  the  junction  of  the  two  preceding  veins,  and,  passing  upward  and 
outward,  joins  the  median  basilic  to  form  the  basilic  vein.  When  it  does  not 
exist  the  anterior  and  posterior  ulnar  veins  open  separately  into  the  median 
basilic  vein. 

The  Radial  Vein  commences  from  the  dorsal  surface  of  the  wrist,  communi- 
cating with  the  deep  veins  of  the  palm  by  a  branch  which  passes  through  the 
first  interosseous  space.  It  forms  a  large  vessel,  which  ascends  along  the  radial 
side  of  the  forearm  and  receives  numerous  veins  from  both  its  surfaces.  At 
the  bend  of  the  elbow  it  unites  with  the  median  cephalic  to  form  the  cephalic 
vein. 

The  Median  Vein  ascends  on  the  front  of  the  forearm,  and  communicates  with 
the  anterior  ulnar  and  radial  veins.  At  the  bend  of  the  elbow  it  receives  a  branch 
of  communication  from  the  deep  veins,  and  divides  into  two  branches,  the  median 
cephalic  and  median  basilic,  which  diverge  from  each  other  as  they  ascend. 

The  Median  Cephalic,  usually  the  smaller  of  the  two,  passes  outward  in  the 
groove  between  the  Supinator  longus  and  Biceps  muscles,  and  joins  with  the 
radial  to  form  the  cephalic  vein.  The  branches  of  the  external  cutaneous  nerve 
pass  beneath  this  vessel. 

The  Median  Basilic  Vein  passes  obliquely  inward,  in  the  groove  between  the 
Biceps  and  Pronator  radii  teres,  and  joins  the  common  ulnar  to  form  the  basilic. 
This  vein  passes  in  front  of  the  brachial  artery,  from  which  it  is  separated  by  a 
fibrous  expansion  (the  bicipital  fascia)  which  is  given  oflF  from  the  tendon  of  the 
Biceps  to  the  fascia  covering  the  Flexor  muscles  of  the  forearm.  Filaments  of 
the  internal  cutaneous  nerve  pass  in  front  as  well  as  behind  this  vessel.^ 

Venesection  is  usually  performed  at  the  bend  of  the  elbow,  and  as  a  matter  of  practice  the 
largest  vein  in  this  situation  is  commonly  selected.  This  is  usually  the  median  basilic,  and  there 
are  anatomical  advantages  and  disadvantages  in  selecting  this  vein.  The  advantages  are,  that 
in  addition  to  its  being  the  largest,  and  therefore  yielding  a  greater  supply  of  blood,  it  is  the 
least  movable  and  can  be  easily  steadied  on  the  bicipital  fascia  on  which  it  rests.  The  disadvan- 
tage are,  that  it  is  in  close  relationship  with  the  brachial  artery,  sepanited  only  by  the  bicipital 
fascia ;  and  formerly,  when  venesection  was  frequently  practised,  arterio- venous  aneurism  was 

'  Cruveilhier  says:  "Numerous  varieties  are  observed  in  the  disposition  of  the  veins  of  the 
elbow;  sometimes  the  common  median  vein  is  wanting;  but  in  those  cases  its  two  branches  are  fur- 
nished by  the  radial  vein,  and  the  cephalic  is  almost  always  in  a  rudimentary  condition.  In  other 
cases  only  two  veins  are  found  at  the  bend  of  the  elbow,  the  radial  and  ulnar,  which  are  continuous, 
without  any  demarcation,  with  the  cephalic  and  basilic." 
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no  uncommon  result  of  this  practice.  Another  disadvantage  is,  that  the  median  basilic  is 
crossed  by  some  of  the  branches  of  the  internal  cutaneous  nerve,  and  these  may  be  divided  in 
the  operation,  giving  rise  to  "  traumatic  neuralgia  of  extreme  intensity  "  (Tillaux). 

The  Basilic  Vein  is  of  considerable  size,  formed  by  the  coalescence  of  the 
common  ulnar  vein  with  the  median  basilic.  It  passes  upward  along  the  inner 
side  of  the  Biceps  muscle,  pierces  the  deep  fascia  a  little  below  the  middle  of  the 
arm,  and,  ascending  in  the  course  of  the  brachial  artery,  terminates  in  the  axil- 
lary vein,  which  receives,  a  little  higher  up,  the  brachial  venae  comites. 

The  Cephalic  Vein  courses  along  the  out^r  border  of  the  Biceps  muscle,  lying 
in  the  same  groove  with  the  upper  external  cutaneous  branch  of  the  musculo-spiral 
nerve,  to  the  upper  third  of  the  arm  ;  it  then  passes  in  the  interval  between  the 
Pectoralis  major  and  Deltoid  muscles,  lying  in  the  same  groove  with  the  descending 
branch  of  the  acromial-thoracic  artery.  It  pierces  the  costo-coracoid  membrane, 
and  terminates  in  the  axillary  vein  just  below  the  clavicle.  This  vein  is  occa- 
sionally connected  with  the  external  jugular  or  subclavian  by  a  branch  which 
passes  from  it  upward  in  front  of  the  clavicle. 

The  Deep  Veins  of  the  Upper  Extremity  follow  the  course  of  the  arteries, 
forming  their  venae  comites.  They  are  generally  two  in  number,  one  lying  on 
each  side  of  the  corresponding  artery,  and  they  are  connected  at  intervals  by 
short  transverse  branches. 

There  are  two  digital  veins  accompanying  each  artery  along  the  sides  of  the 
fingers :  these,  uniting  at  their  base,  pass  along  the  interosseous  spaces  in  the 
palm,  and  terminate  in  the  two  venae  comites  which  accompany  the  superficial 
palmar  arch.  Branches  from  these  vessels  on  the  radial  side  of  the  hand  accom- 
pany the  superficialis  volae,  and  on  the  ulnar  side  terminate  in  the  deep  ulnar 
veins.  The  deep  ulnar  veins,  as  they  pass  in  front  of  the  wrist,  communicate  with 
the  interosseous  and  superficial  veins,  and  at  the  elbow  unite  with  the  deep  radial 
veins  to  form  the  venae  comites  of  the  brachial  artery. 

The  Interosseous  Veins  accompany  the  anterior  and  posterior  interosseous 
arteries.  The  anterior  interosseous  veins  commence  in  front  of  the  wrist,  where 
they  communicate  with  the  deep  radial  and  ulnar  veins ;  at  the  upper  part  of  the 
forearm  they  receive  the  posterior  interosseous  veins,  and  terminate  in  the  venae 
comites  of  the  ulnar  artery. 

The  Deep  Palmar  Veins  accompany  the  deep  palmar  arch,  being  formed  by 
tributaries  which  accompany  the  ramifications  of  that  vessel.  They  communicate 
with  the  deep  ulnar  veins  at  the  inner  side  of  the  hand,  and  on  the  outer  side 
terminate  in  the  venae  comites  of  the  radial  artery.  At  the  wrist  they  receive  a 
dorsal  and  a  palmar  tributary  from  the  thumb,  and  unite  with  the  deep  radial 
veins.  Accompanying  the  radial  artery,  these  vessels  terminate  in  the  venae 
comites  of  the  brachial  arterv. 

The  Brachial  Veins  are  placed  one  on  each  side  of  the  brachial  artery, 
receiving  tributaries  corresponding  with  the  branches  given  off  from  that  vessel; 
at  the  lower  margin  of  the  axilla  they  unite  with  the  basilic  to  form  the  axillary 
vein. 

These  deep  veins  have  numerous  anastomoses,  not  only  with  each  other,  but 
also  with  the  superficial  veins. 

The  Axillary  Vein  is  of  large  size,  and  formed  by  the  junction  of  the  venae 
comites  of  the  brachial  artery  with  the  basilic  vein.  It  commences  at  the  lower 
part  of  the  axillary  space,  increases  in  size  as  it  ascends  by  receiving  tributaries 
corresponding  with  the  branches  of  the  axillary  artery,  and  terminates  imme- 
diately beneath  the  clavicle  at  the  lower  border  of  the  first  rib,  where  it  becomes 
the  subclavian  vein.  This  vessel  is  covered  in  front  by  the  Pectoral  muscles  and 
costo-coracoid  membrane,  and  lies  on  the  thoracic  side  of  the  axillarv  arterv, 
which  it  partially  overlaps.  Near  its  termination  it  receives  the  cephalic  vein. 
This  vein  is  provided  with  a  pair  of  valves  opposite  the  lower  border  of  the  Sub- 
scapulars muscle ;  valves  are  also  found  at  the  termination  of  the  cephalic  and 
subscapular  veins. 
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Surgical  Anatomy.— There  are  several  points  of  surgical  interest  in  connection  with  the 
axillary  vein.  Being  more  superficial,  larj^er,  and  slighUy  overlapping  the  axillary  artery,  it  is 
more  liable  to  be  wounded  in  the  operation  of  extirpation  of  the  axillary  glands,  especially  as 
these  glands,  when  diseased,  are  apt  to  become  adherent  to  the  vessel.  When  wounded  there 
is  always  a  danger  of  air  being  drawn  into  its  interior,  and  death  resulting.  This  is  due  not  only 
to  the  fact  that  it  is  near  the  thorax,  and  therefore  liable  to  be  influenced  by  the  respiratory 
movements,  but  also  because  it  is  adherent  by  its  anterior  surface  to  the  costo-coracoid  membrane, 
and  therefore  if  wounded  is  likely  to  remain  patulous  and  favor  the  chance  of  air  being  sucked 
in.  This  adhesion  of  the  vein  to  the  fascia  prevents  its  collapsing,  and  therefore  favors  the 
farious  bleeding  which  takes  place  in  these  cases. 

To  avoid  wounding  the  axillary  vein  in  the  extirpation  of  cancerous  glands  from  the  .axilla, 
no  sharp  cutting  instruments  should  be  used  after  tne  axillary  cavity  has  been  freely  exposed, 
and  care  should  oe  taken  to  use  no  undue  force  in  isolating  the  glands.  Should  the  vein  be  so 
imbedded  in  the  malignant  deposit  that  the  latter  cannot  be  removed  without  taking  away  a  part 
of  the  vein,  this  must  be  done,  the  vessel  having  been  first  ligatured  above  and  below. 

The  Subclavian  Vein,  the  continuation  of  the  axillary,  extends  from  the  lower 
border  of  the  first  rib  to  the  inner  end  of  the  sterno-clavicular  articulation,  where 
it  unites  with  the  internal  jugular  to  form  the  innominate  vein.  It  is  in  relation, 
in  front,  with  the  clavicle  and  Subclavius  muscle ;  behind,  with  the  subclavian 
artery,  from  which  it  is  separated  internally  by  the  Scalenus  anticus  muscle  and 
phrenic  nerve.  Below,  it  rests  in  a  depression  on  the  first  rib  and  upon  the  pleura. 
Above,  it  is  covered  by  the  cervical  fascia  and  integument. 

The  subclavian  vein  occasionally  rises  in  the  neck  to  a  level  with  the  third  part 
of  the  subclavian  artery,  and  in  two  instances  has  been  seen  passing  with  this  vessel 
behind  the  Scalenus  anticus.  This  vessel  is  usually  provided  with  valves  about 
an  inch  from  its  termination  in  the  innominate,  just  external  to  the  entrance  of  the 
external  jugular  vein. 

Tributaries. — It  receives  the  external  and  anterior  jugular  veins  and  a  small 
branch  from  the  cephalic,  outside  the  Scalenus,  and  on  the  inner  side  of  that 
muscle  the  internal  jugular  vein.  At  the  angle  of  junction  with  the  internal 
jugular  the  left  subclavian  vein  receives  the  thoracic  duct,  while  the  right  sub- 
clavian vein  receives  the  right  lymphatic  duct. 

The  Innominate  or  BracMo-ceplLalic  Veins  (Fig.  388)  are  two  large  trunks, 
placed  one  on  each  side  of  the  root  of  the  neck,  and  formed  by  the  union  of  the 
internal  jugular  and  subclavian  veins  of  the  corresponding  side. 

The  Bight  Innominate  Vein  is  a  short  vessel,  an  inch  in  length,  which  com- 
mences at  the  inner  end  of  the  clavicle,  and,  passing  almost  vertically  downward, 
joins  with  the  left  innominate  vein  just  below  the  cartilage  of  the  first  rib,  close  to 
the  right  border  of  the  sternum,  to  form  the  superior  vena  cava.  It  lies  superficial 
and  external  to  the  innominate  artery ;  on  its  right  side  the  pleura  is  interposed 
between  it  and  the  apex  of  the  lung.  This  vein,  at  the  angle  of  junction  of  the 
internal  jugular  with  the  subclavian,  receives  the  right  vertebral  vein,  and,  lower 
down,  the  right  internal  mammary,  right  inferior  thyroid,  and  sometimes  the 
right  superior  intercostal  veins. 

The  Left  Innominate  Vein,  about  two  and  a  half  inches  in  length,  and  larger 
than  the  right,  passes  from  left  to  right  across  the  upper  and  front  part  of  the  chest, 
at  the  same  time  inclining  downward,  to  unite  with  its  fellow  of  the  opposite 
side,  forming  the  superior  vena  cava.  It  is  in  relation,  in  front,  with  the  first 
piece  of  the  sternum,  from  which  it  is  separated  by  the  Sterno-hyoid  and  Sterno- 
thyroid muscles,  the  thymus  gland  or  its  remains,  and  some  loose  areolar  tissue. 
Behind,  it  lies  across  the  roots  of  the  three  large  arteries  arising  from  the  arch  of 
the  aorta.  This  vessel  is  joined  by  the  left  vertebral,  left  internal  mammary,  left 
inferior  thyroid,  and  the  left  superior  intercostal  veins,  and  occasionally  some  thymic 
and  pericardiac  veins.     There  are  no  valves  in  the  innominate  veins. 

Pecnliarities.— Sometimes  the  innominate  veins  open  separately  into  the  right  auricle ;  in 
soch  cases  the  right  vein  takes  the  ordinary  course  of  the  superior  vena  cava  ;  but  the  left  vein, 
after  communicating  by  a  small  branch  with  the  right  one,  passes  in  front  of  the  root  of  the  left 
lung,  and,  turning  to  the  back  of  the  heart,  receives  the  cardiac  veins  and  terminates  in  the  back 
of  the  right  auricle.  This  occasional  condition  of  the  veins  in  the  adult  is  a  regular  one  in  the 
foetus  at  an  early  period,  and  the  two  vessels  arc  persistent  in  birds  and  some  mammalia.    The 
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Bubnequent  changes  which  Uke  plaoe  in  these  vessels  are  the  following :  The  communieating 
branch  between  ilie  two  tninks  enlar;ieB  and  forms  the  fiiture  left  innoininaie  vein ;  the  re- 
maining part  of  the  left  trunk  is 
obliterated  as  far  as  the  heart, 
where  it  remains  pervious  and 
g  furniB   the    coronary'  sinus:    a 

remnant  of  the  obliterated  vessel 

is  seen  in  adull  life  as  a  fibrous 

band  nassini;  along  ihc  back  of 

■W  the  left  auricle  ana  in  front  of 

the  root  of  ihe  left  lung,  called 
by  Mr.  Marshall  the  ventigial 
fold  of  the  pericardium. 

The  laternal  manunair 
▼eins,  two  in  number  to 
each  arterv,  follow  the 
course  of  that  vessel,  and  re- 
^  ceive  branches  correspond- 

ing M  ith  those  derived  fvdm 
it.  The  two  veins  of  earh 
side  unite  into  a  single 
trunk,  which  termioates  in 
the  innominnie  vein. 

The  inferior  th  jrold  veiiu, 
two,  fi-etjuetitly  three  or 
four,  in  number,  arise  in 
the  venouH  plexus  on  the 
thvroid  body,  communicat- 
ing with  the  middle  and 
supejior  thyroid  veins.  The 
left  one  descends  in  front 
of  the  trachea  behind  the 
Stemo- thyroid  muscle,  com- 
municating with  its  fellow 
by  transverse  branches,  and 
terminates  in  the  left  in- 
nominate vein.  The  right 
one.  which  is  placed  a  little 
to  the  right  of  the  median 
line,  opens  into  the  right 
innominate  vein  just  at  its 
junction  with  the  superior 
vena  cava.  These  veins 
receive  oesophageal,  tra- 
cheal, and  inferior  laryn- 
geal veins,  and  are  pro- 
vided with  valves  at  their 
termination  in  the  innom- 
inate veins. 

The  Superior  Intercos- 
tal Veins  return  the  blood 
from  the  upper  intercostal 
spaces. 

The  rigid  superior  intfr- 
coetal.  much  smaller  than 
„  _  ,  ,  ,    ^  .   ,        ,        theleft,clo8eIv  corresponds 

branchts.  With  the  Superior  intercos- 

tal artery,  receiving  the 
blood  from  the  first  or  first  and  second  intercostal  spaces,  and,  passing  down- 
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ward,  terminates  in  the  vena  azygos  major.  Occasionally  it  opens  into  the  right 
innominate  vein. 

The  left  superior  intercostal  is  always  larger  than  the  right,  but  varies  in  size 
in  different  subjects,  being  small  when  the  left  upper  azygos  vein  is  large,  and  vice 
versd.  It  is  usually  formed  by  branches  from  the  two  or  three  upper  intercostal 
spaces,  and,  passing  across  the  arch  of  the  aorta,  terminates  in  the  left  innominate 
vein.     The  left  bronchial  vein  and  the  left  superior  phrenic  open  into  it. 

The  Superior  Vena  Oava  receives  the  blood  which  is  conveyed  to  the  heart  from 
the  whole  of  the  upper  half  of  the  body.  It  is  a  short  trunk,  varying  from  two 
inches  and  a  half  to  three  inches  in  length,  formed  by  the  junction  of  the  two 
innominate  veins.  It  commences  immediately  below  the  cartilage  of  the  first  rib 
close  to  the  sternum  on  the  right  side,  and,  descending  vertically,  enters  the  peri- 
cardium about  an  inch  and  a  half  above  the  heart,  and  terminates  in  the  upper  part 
of  the  right  auricle  opposite  the  upper  border  of  the  third  left  costal  cartilage.  In 
its  course  it  describes  a  slight  curve,  the  convexity  of  which  is  turned  to  the  right 
side. 

Relations. — In  front,  with  the  pericardium  and  process  of  cervical  fascia  which 
is  continuous  with  it :  this  separates  it  from  the  thymus  gland  and  from  the  ster- 
num ;  behind,  with  the  root  of  the  right  lung ;  on  its  right  side,  with  the  phrenic 
nerve  and  right  pleura ;  on  its  left  side,  with  the  commencement. of  the  innominate 
artery  and  ascending  part  of  the  aorta.  The  portion  contained  within  the  peri- 
cardium is  covered  by  the  serous  layer  of  that  membrane  in  its  anterior  three- 
fourths.  It  receives  the  vena  azygos  major  just  before  it  enters  the  pericardium, 
and  several  small  veins  from  the  pericardium  and  parts  in  the  mediastinum.  The 
superior  vena  cava  has  no  valves. 

The  Azygos  Veins  connect  together  the  superior  and  inferior  venae  cavse,  sup- 
plying the  place  of  those  vessels  in  the  part  of  the  chest  which  is  occupied  by  the 
heart. 

The  larger,  or  right  azygos  vein  (vena  azygos  major),  commences  opposite  the 
first  or  second  lumbar  vertebra  by  a  branch  from  the  right  lumbar  veins  (the 
ascending  lumbar);  sometimes  by  a  branch  from  the  right  renal  vein  or  from  the 
inferior  vena  cava.  It  enters  the  thorax  through  the  aortic  opening  in  the  Dia- 
phragm, and  passes  along  the  right  side  of  the  vertebral  column  to  the  fourth  dorsal 
vertebra,  where  it  arches  forward  over  the  root  of  the  right  lung,  and  terminates 
in  the  superior  vena  cava  just  before  that  vessel  enters  the  pericardium.  Whilst 
passing  through  the  aortic  opening  of  the  Diaphragm  it  lies  with  the  thoracic 
duct  on  the  right  side  of  the  aorta,  and  in  the  thorax  it  lies  upon  the  intercostal 
arteries  on  the  right  side  of  the  aorta  and  thoracic  duct,  and  is  partly  covered  by 
pleura. 

Tribntaries. — It  receives  nine  or  ten  lower  intercostal  veins  of  the  right  side, 
the  vena  azygos  minor,  several  oesophageal,  mediastinal,  and  pericardial  veins ; 
near  its  termination,  the  right  bronchial  vein ;  and  generally  the  right  su;^erior 
intercostal  vein.  A  few  imperfect  valves  are  found  in  this  vein,  but  its  tributaries 
are  provided  with  complete  valves. 

The  intercostal  veins  on  the  left  side,  below  the  two  or  three  upper  intercostal 
spaces,  usually  form  two  trunks,  named  the  left  lower  and  the  left  upper  azygos 
veins. 

The  left  lower^  or  smaller  azygos  vein  (vena  azygos  minor),  commences  in  the 
lumbar  region  by  a  branch  from  one  of  the  lumbar  veins  {ascending  lumbar)  or 
from  the  left  renal.  It  passes  into  the  thorax  through  the  left  crus  of  the  Dia- 
phragm, and,  ascending  on  the  left  side  of  the  spine  as  high  as  the  seventh  or 
eighth  dorsal  vertebra,  passes  across  the  column,  behind  the  aorta  and  thoracic 
duct,  to  terminate  in  the  right  azygos  vein.  It  receives  the  four  or  five  lower  inter- 
costal veins  of  the  left  side,  and  some  oesophageal  and  mediastinal  veins. 

The  left  upper  azygos  vein  varies  according  to  the  size  of  the  left  superior 
intercostal.  It  receives  veins  from  the  intercostal  spaces  between  the  left  superior 
intercostal  vein  and  highest  tributary  of  the  left  lower  azygos.     They  are  usually 
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two  or  three  in  number,  and  join  to  form  a  trunk  which  ends  in  the  right  azygos 
vein  or  in  the  left  lower  azygos.  It  sometimes  receives  the  left  bronchial  vein. 
When  this  vein  is  smalt  or  altogether  wanting,  the  left  superior  intercostal  vein 
will  extend  as  low  as  the  fifth  or  sixth  intercostal  space.' 

Surreal  Anatomy. — In  obstruction  of  the  6ui)erior  vena  cava  the  azygos  veins  are  one  uf 
the  principal  means  by  which  the  venous  circulation  is  carried  on.  coniieetinit  as  theydo  the  superior 
and  interior  venat  cavae.  and  com  oiun  lea  tine  with  the  common  iliac  veins  by  the  ascending  lumbar 
veins,  and  with  njuny  of  the  tributaries  of  the  interior  vena  cava. 

The  bronchial  veins  return  the  blood  from  the  substance  of  the  lungs;  that  of 
the  right  side  opens  into  the  vena  azygos  major  near  its  termination  ;  that  of  the 
left  side,  into  the  left  superior  intercostal  vein  or  left  upper  azygos  vein. 

THE  SPINAL  T£IHS. 

The  numerous  venous  plexuses  placed  upon  and  within  the  spine  may  be 
arranged  into  four  sets : 

1.  Those  placed  on  the  exterior  of  the  spinal  column  (the  dorsi-spiiial  vein»). 

2.  Those  situated  in  the  interior  of  the  spinal  canal,  between  the  vertebrse  and 
the  theca  vertebraJis  {meningo-rachidian  veins). 

S.  The  veins  of  the  bodies  of  the  vertebrae  {venm  bant  vertebrarum). 

4.  The  veins  of  the  spinal  cord  {medulU-epinal). 

1.  The  DoTBi-Bplnal  Veins  commence  by  small  branches  which  receive  their 


Tia.  38B.— Transveise  aection  of  a  doreal  vertebra,  shawlDK  the  splDKl  veiii*. 

blood  from  the  integument  of  the  hack  of  the  spine  and  from  the  muscles  in  the 
vertebral  grooves.  They  form  a  complicated  network,  which  surrounds  the  spinous 
processes,  the  lHmin»,  and  the  transverse  and  articular  processes  of  all  the  ver- 
tebrie.  At  the  bases  of  the  transverse  processes  they  communicate,  by  means  of 
ascending  and  descending  branches,  with  the  veins  surrounding  the  contiguous 
veriebrje,  and  they  join  with  the  veins  in  the  spinal  canal  by  branches  which 
perforate  the  ligamenta  subtlava.  Other  branches  pass  obliquely  forward, 
between  the  transverse  processes,  and  communicate  with  the  intraspinal  veins 
through  the  intervertebral  foramina.     They  terminate  by  joining  the  vertebral 

'  For  an  account  of  the  arranKcmi'nl  of  the  a/vRos  and  superior  intercostal  veins  in  a  number  of 

;cutive  oiBeB  from  llie  same  diNtetlinK-room,  sec  »  {inper  by  Mr.  B.  G.  Morison  (Jounai  of  AjuiI- 

ind  PAi/Mio/ojy,  vol,  siii.  p.  34l5|.    The  most  important  difference  between  his  description  and  thai 

?xl  is,  llial  he  always  found  two  superior  intercoslal  veins  on  buth  sides,  the  vein  CroiQ  the  tirst 


space  Iwiiie  Beparate,  and  joining  the  cxirrespoiiding  innominate  vein.     The  lower  (and  larger) 

nor  inioriostal  vein  he  deucrities  as  opening  into  the  azygos  on  the  right  and  innominate  on  the  left 
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veiDS  in  the  neck,  the  iotercostal  veins  in  the  thorax,  and  the  lumbar  and  sacral 
veins  in  the  loins  and  pelvis. 

2.  The  Meningo-rachidian  Veins. — The  principal  veins  contained  in  the  spinal 
canal  are  situated  between  the  theca  vertebralis  and  the  vertebrae.  They  consist 
of  two  longitudinal  plexuses,  one  of  which  runs  along  the  posterior  surface  of  the 
bodies  of  the  vertebrae  (anterior  longitwiinal  »pinat  veins).  The  other  plexus 
{/toiterior  longitudinal  spinal  veins)  is  placed  on  the  inner  or  anterior  surface  of 
the  laminie  of  the  vertebrae. 

The  Anterior  Longitudinal  Spinal  Veins  consist  of  two  large,  tortuous  veins 
which  extend  along  the  whole  length  of  the  vertebral  column,  from  the  foramen 
magnum,  where  thej  communicate  by  a  venous  ring  around  that  opening,  to  the 
base  of  the  coccyx,  being  placed  one  on  each  side  of  the  posterior  surface  of  the 
bodies  of  the  vertebrse  along  the  margin  of  the  posterior  common  ligament. 
These  veins  communicate  together  opposite  each  vertebra  by  transverse  trunks 
which  pass  beneath  the  ligament,  and  receive  the  large  venae  basis  vertebrarum 
from  the  interior  of  the  body  of  each  vertebra.  The  anterior  longitudinal  spinal 
veins  are  least  developed  in  the  cervical  and  sacral  regions.     They  are  not  of 
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uniform  size  throughout,  being  alternately  enlarged  and  constricted.  ■  At  the 
intervertebral  foramina  they  communicate  with  the  dorsi-spinal  veins,  and  with 
the  vertebral  veins  in  the  neck,  with  the  intercostal  veins  in  the  dorsal  region, 
snd  with  the  lumbar  and  sacral  veins  in  the  corresponding  regions. 

The  Posterior  Longitudinal  Spinal  Veins,  smaller  than  the  anterior,  are 
situated  one  on  each  side,  between  the  inner  surface  of  the  laminte  and  the  theca 
vertebralis.  They  communicate  (like  the  anterior)  opposite  each  vertebra  bv 
transverse  trunks,  and  with  the  anterior  longitudinal  veins  by  lateral  transverse 
branches  which  pass  from  behind  forward.  These  veins,  by  branches  which  per- 
forate the  ligamenta  subflava,  join  with  the  dorsi-spinal  veins.  From  them 
branches  are  given  off  which  pass  through  the  intervertebral  foramina  and  join 
the  vertebral,  intercostal,  lumbar,  and  sacral  veins. 

3.  The  Veinfl  of  the  Bodies  of  the  Vertebra  {vence  basis  vertebrarum)  emerge 
from  the  foramina  on  their  posterior  surface,  and  join  the  transverse  trunk  con- 
necting the  anterior  longitudinal  spinal  veins.  They  are  contained  in  large,  tor- 
tuous channels  in  the  substance  of  the  bones,  similar  in  every  respect  to  those 
found  in  the  diploe'  of  the  cranial  bones.  These  canals  lie  parallel  to  the  upper 
and  lower  surface  of  the  bones.  They  commence  by  small  openings  on  the  front 
and  sides  of  the  bodies  of  the  vertebrae,  through  which  communicating  branches 
from  the  veins  external  to  the  bone  pass  into  its  substance,  and  converge  to  the 
priDcipal  canal,  which  is  sometimes  double  toward  its  posterior  part,  and  open 
ioto  the  corresponding  transverse  branch  uniting  the  anterior  longitudinal  veins. 
They  become  greatly  developed  in  advanced  age. 

4,  The  Veins  of  th«  Spinal  Cord  (mcdulli-spinal)  consist  of  a  minute,  tortuous, 
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venouB  plexus  which  covers  the  entire  surface  of  the  cord,  being  situated  beiisetL 
the  pia  mater  and  arachnoid.  These  vessels  emerge  chiefly  from  the  meiliaL 
furrows,  and  are  largest  in  the  lumbar  region.  Near  the  base  of  the  skull  iL- 
unite  and  form  two  or  three  small  trunks,  which  communicate  with  the  vertebra 
veins,  and  then  terminate  in  the  inferior  cerebellar  veins  or  in  the  inferior  petr - 
sal  sinuses.  Each  of  the  spinal  nerves  is  accompanied  by  a  branch  as  far  as  tli: 
intervertebral  foramina,  where  they  join  the  other  veins  from  the  spinal  canal. 
There  are  no  valves  in  the  spinal  veins. 

VEINS  OF  THE  LOWER  EXTBEMIT7,  ABDOMEN,  AND  PELVIS. 

The  Veins  of  the  Lower  Extremity  are  subdivided,  like  those  of  the  upf^r. 
into  two  sets,  superficial  and  deep,  the  superficial  veins  being  placed  beneath  tiit 
integument,  between  the  two  layers  of  superficial  fascia,  the  deep  veins  acc-ni 
panying  the  arteries  and  forming  the  venae  comites  of  those  vessels.  Both  st*^ 
of  veins  are  provided  with  valves,  which  are  more  numerous  in  the  deep  than  iii 
the  superficial  set.  These  valves  are  also  more  numerous  in  the  lower  than  i: 
the  upper  limb. 

The  Superficial  Veins  of  the  Lower  Extremity  are  the  internal  or  hmg  mfhf 
0U8  and  the  external  or  short  saphenous. 

On  the  dorsum  of  the  foot  is  a  venous  arch  situated  in  the  superficial  struc- 
tures over  the  anterior  extremities  of  the  metatarsal  bones.  It  has  its  convexny 
directed  forward,  and  receives  digital  tributaries  from  the  upper  surface  of  tL-r 
toes ;  at  its  concavity  it  is  joined  by  numerous  small  veins  which  form  a  plexi^ 
on  the  dorsum  of  the  foot.  The  arch  terminates  internally  in  the  long  8aphen<  iv 
externally  in  a  short  saphenous  vein. 

The  internal  or  long  saphenous  vein  (Fig.  391)  commences  at  the  inner  side  •  f 
the  arch  on  the  dorsum  of  the  foot ;  it  ascends  in  front  of  the  inner  malle"ii> 
and  along  the  inner  side  of  the  leg,  behind  the  inner  margin  of  the  tibia,  aa-'  iir 
panied  by  the  internal  saphenous  nerve.  At  the  knee  it  passes  backward  belli:.' 
the  inner  condyle  of  the  femur,  ascends  along  the  inside  of  the  thigh,  and,  j-i^- 
ing  through  the  saphenous  opening  in  the  fascia  lata,  terminates  in  the  feniir;. 
vein  about  an  inch  and  a  half  below  Poupart's  ligament.  This  vein  receive>  ii 
its  course  cutaneous  tributaries  from  the  leg  and  thigh,  and  at  the  saphen"i> 
opening  the  superficial  epigastric,  superficial  circumflex  iliac,  and  external  pi^'ii 
veins.  The  veins  from  the  inner  and  back  part  of  the  thigh  frequently  unite: 
form  a  large  vessel,  which  enters  the  main  trunk  near  the  saphenous  openii:: 
and  sometimes  those  on  the  outer  side  of  the  thigh  join  to  form  another  la:: 
vessel ;  so  that  occasionally  three  large  veins  are  seen  converging  from  differd* 
parts  of  the  thigh  toward  the  saphenous  opening.  The  internal  saphenous  vri 
communicates  in  the  foot  with  the  internal  plantar  vein  ;  in  the  leg,  with  lii 
posterior  tibial  veins  by  branches  which  perforate  the  tibial  origin  of  the  t^olll^ 
muscle,  and  also  with  the  anterior  tibial  veins ;  at  the  knee,  with  the  articular 
veins  ;  in  the  thigh,  with  the  femoral  vein  by  one  or  more  branches.  The  valv- 
in  this  vein  vary  from  two  to  six  in  number ;  they  are  more  numerous  in  tti: 
thigh  than  in  the  leg. 

The  external  or  short  saphenous  vein  (Fig.  392)  commences  at  the  outer  slit 
of  the  arch  on  the  dorsum  of  the  foot ;  it  ascends  behind  the  outer  malle"l^^ 
and  along  the  outer  border  of  the  tendo  Achillis,  across  which  it  passes  at  si 
acute  angle  to  reach  the  middle  line  of  the  posterior  aspect  of  the  leg.  Pa?.-.n: 
directly  upward,  it  perforates  the  deep  fascia  in  the  lower  part  of  the  poplitti 
space,  and  terminates  in  the  popliteal  vein,  between  the  heads  of  the  Gasti- 
cnemius  muscle.'     It  receives  numerous  large  tributaries  from  the  back  part  ■: 

*  Mr.  Gay  calls  attention  to  the  fact  that  the  external  saphenous  vein  often  (he  says  inram': 
penetrates  the  fascia  at  or  about  the  point  where  the  tendon  of  the  Gadtrocnemius  commences,  awl J'-'^ 
oelow  the  fascia  in  the  rest  of  its  course,  or  sometimes  among  the  muscular  fibres,  to  join  the  popjit'- 
vein.     (See  Gay  on  Varicose  Diseaae  of  the  Lou^  Extremities^  p.  24,  where  there  is  also  acarefma^ 
elaborate  description  of  the  branches  of  the  saphena  veins.) 
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the  leg,  and  communicates  with  the  deep  veins  on  the  dorsum  of  the  foot  and 
behind  the  outer  malleolus.     Before  it  perforates  the  deep  fascia  it  gives  off 
a     communicating     branch,     which 
1  passes  upward   and  inward  to  join 

the  internal  saphenous  vein.  This 
vein  has  a  variable  number  of 
valves,  from  three  to  nine  (Gay), 
one  of  which  is  always  found  near 
its  termination  in  the  popliteal 
vein.  The  external  saphenous 
nerve   lies   close   beside   this   vein. 

Snigical  Anatomy.— The  sapheua 
veins  are  of  conaideroble  surfzieal  imports 
ance,  since  a  varicose  condition  of  (hcse 
vessels  is  more  frequently  met  with  than 
of  those  in  other  parts  of  the  boJy,  except 
perhnps  the  spermatic  and  hsemorrhuidal 
veins.  The  coursi?  of  the  internal 
saphenous  is  in  front  of  the  tip  of  the 
malleolus,  over  the  subcutaneous  surface 
of  the  lower  end  of  tlie  tibia,  and  then 
along  the  internal  border  of  this  bone 
to  the  back  part  of  the  internal  condyle  of 
the  femur,  whence  it  follows  the  course 
of  the  Sartorius  muscle,  and  is  represented 
on  the  surface  by  a  line  drawn  from  the 
i>osterior  border  of  the  Sartorius  on  a 
level  with  the  internal  condyle  to  the 
saphenous  opening:.  The  short  saphenous 
lies  behind  the  eitemal  malleolus,  and 
from  this  follows  the  middle  line  of  the 
calf  to  just  below  the  ham.     It  is  not 

Sencrollj  so  apparent  beneath  the  skin  as 
ie  internal  saphenous.  Both  these  veins 
'n  the  IcR  are  a<«^)mpanied  V 


internal    saphenous  beins  joined    b}'  its 

mmnanion  nerve  just  below  the  level  of 

c-ioint.     No  doubt  muc-h  of  the 


pain  of  varicose  veins  in  the  les  is  due  to 
this  fact.  On  the  Continent  the  internal 
saphenous  vein  as  it  rests  on  the  tibia 
just  above  the  malleolus  is  w>metiroes 
selected  for  venesection.  Fro.    3W.— External 

or     Ahort      flapherKiuB 

The   Deep   Veins  of  the  Lower 
Extremity  accompany  the  arteries  and  their  branches, 
and  are  called  the  iwkp  coniiteK  of  those  vessels. 

The  eztemal  and  internal  plantar  veins  unite  to  form 
the  posterior  tibial.  They  accompany  the  posterior 
tibial  artery  and  are  joined  by  the  peroneal  veing. 

The  anterior  tibial  veins  are  formed  by  a  con- 
tinuation upward  of  the  ven^  comites  of  the  dorsalis 
pedis  artery.  They  pass  between  the  tibia  and  fibula, 
through  the  large  oval  aperture  above  the  interosse- 
ous membrane,  and  form,  by  their  junction  with  the 
posterior  tibial,  the  popliteal  vein. 

The  valves  in  the  deep  veins  are  very  numerous. 

The  Popliteal  Vein  is  formed  by  the  junction  of  the 
sHphJoous  vdnMd^u'braQchei?^  ven«  comites  of  the  anterior  and  posterior  tibial  ves- 
sels;   it   ascends  through  the  popliteal   space   to   the 
tendinous  aperture  in  the  Adductor  mngnus,  where  it  becomes  the  femoral  vein. 
In    the  lower  part  of  its  course  it  is  placed  intej-nal  to  the  arterj-;  between  the 


674  THE    VEINS 

heads  of  the  Gastrocnemius  it  is  superficial  to  that  vessel ;  but  above  the  knee- 
joint  it  is  close  to  its  outer  side.  It  receives  the  sural  veins  from  the  Gastro- 
cnemius muscle,  the  articular  veins,  and  the  external  saphenous.  The  valves  in 
this  vein  are  usually  four  in  number. 

The  Femoral  Vein  accompanies  the  femoral  artery  through  the  upper  two- 
thirds  of  the  thigh.  In  the  lower  part  of  its  course  it  lies  external  to  the  artery ; 
higher  up  it  is  behind  it ;  and  at  Poupart's  ligament  it  lies  to  its  inner  side  and 
on  the  same  plane.  It  receives  numerous  muscular  tributaries:  the  profunda 
femoris  and  deep  external  pudic  veins  join  it  near  Poupart*s  ligament  and  about 
an  inch  and  a  half  below  the  internal  saphenous  vein.  The  valves  in  this  vein  are 
four  or  five  in  number. 

The  External  Iliac  Vein  commences  at  the  termination  of  the  femoral,  beneath 
the  crural  arch,  and,  passing  upward  along  the  brim  of  the  pelvis,  terminates 
opposite  the  sacro-iliac  synchondrosis  by  uniting  with  the  internal  iliac  to  form 
the  common  iliac  vein.  On  the  right  side  it  lies  at  first  along  the  inner  side  of 
the  external  iliac  artery,  but  as  it  passes  upward  gradually  inclines  behind.it. 
On  the  left  side  it  lies  altogether  on  the  inner  side  of  the  artery.  It  receives, 
immediately  above  Poupart's  ligament,  the  deep  epigastric  and  deep  circumflex 
iliac  veins  and  a  small  pubic  vein,  corresponding  to  the  pubic  branch  of  the 
obturator  artery.  According  to  Friedreich,  it  frequently  contains  one,  and  some- 
times two  valves. 

The  Deep  Epigastric  Veins. — Two  veins  accompany  the  deep  epigastric  artery ; 
they  usually  unite  into  a  single  trunk  before  their  termination  in  the  external 
iliac  vein. 

The  Deep  Circumflex  Iliac  Veins. — Two  veins  accompany  the  deep  circumflex 
iliac  arterv.  These  unite  into  a  single  trunk  which  crosses  the  external  iliac 
artery  just  above  Poupart's  ligament  and  terminates  in  the  external  iliac 
vein. 

The  Internal  Iliac  Vein  is  formed  by  the  venae  comites  of  the  branches  of  the 
internal  iliac  artery,  the  umbilical  arteries  excepted.  It  receives  the  blood  from 
the  exterior  of  the  pelvis  by  the  gluteal,  sciatic,  internal  pudic,  and  obturator 
veins,  and  from  the  organs  in  the  cavity  of  the  pelvis  by  the  haemorrhoidal  and 
vesico-prostatic  plexuses  in  the  male,  and  the  uterine  and  vaginal  plexuses  in  the 
female.  The  vessels  forming  these  plexuses  are  remarkable  for  their  large  size, 
their  frequent  anastomoses,  and  the  number  of  valves  which  they  contain.  The 
internal  iliac  vein  lies  at  first  on  the  inner  side,  and  then  behind  the  inter- 
nal iliac  artery,  and  terminates  opposite  the  sacro-iliac  articulation  by  uniting 
with  the  external  iliac  to  form  the  common  iliac  vein.  This  vessel  has  no 
valves.  * 

The  internal  pudic  veins  {yence  comites)  have  the  same  course  as  the 
internal  pudic  artery.  They  receive  tributaries  corresponding  to  the  branches 
of  the  artery,  except  the  tributary  corresponding  to  the  dorsal  artery  of  the 
penis ;  that  is,  the  dorsal  vein  of  the  penis,  which  opens  into  the  prostatic 
plexus. 

The  hsemorrhoidal  plexus  surrounds  the  lower  end  of  the  rectum,  being  formed 
by  the  superior  haemorrhoidal  veins  (tributaries  of  the  inferior  mesenteric),  and 
the  middle  and  inferior  haemorrhoidal,  which  terminate  in  the  internal  iliac.  The 
portal  and  general  venous  systems  have  a  free  communication  by  means  of  the 
branches  composing  this  plexus. 

Surgical  Anatomy. — ^The  veins  of  this  plexus  are  apt  to  become  dilated  and  varicose  and 
form  piles.  This  is  partly  due  to  the  free  communication  between  the  portal  and  sj^stemic  cin*u- 
lation  which  here  exists,  so  that  any  obstruction  to  the  flow  of  blood  through  either  the  inferior 
vena  cava  or  ita  main  tributaries,  or  through  the  portal  vein,  tends  to  produce  passive  congestion 
of  this  plexus.  The  condition  is  also  partly  due  to  the  fact  that  the  vessels  are  contained  in 
very  loose,  lax  connective  tissue,  so  tnat  they  get  less  support  from  surrounding  structures 
than  most  other  veins,  and  are  less  capable  of  resisting  increased  blood- pressure.  And, 
finally,  the  condition  is  favored  by  gravitation,  inasmuch  afi  the  portal  vein  contains  no 
valves.  . 
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The  vesico-prostatic  plexus  surrounds  the  neck  and  base  of  the  bladder  and 
prostate  gland.  It  communicates  with  the  hsemorrhoidal  plexus  behind,  and 
receives  the  dorsal  vein  of  the  penis,  which  enters  the  pelvis  beneath  the  subpubic 
ligament.  This  plexus  is  supported  upon  the  sides  of  the  bladder  by  a  reflection 
of  the  pelvic  fascia.  The  veins  composing  it  are  very  liable  to  become  varicose, 
and  often  contain  hard,  earthy  concretions,  called  phleboUths, 

Surgical  Anatomy. — This  plexus  is  wounded  in  the  lateral  oi)eration  of  lithotomy,  and  it  is 
through  it  that  septic  matter  finds  its  way  into  the  general  circulation  after  this  operation. 

The  dorsal  vein  of  the  penis  is  a  vessel  of  large  size  which  returns  the  blood 
from  the  body  of  that  organ.  At  first  it  consists  of  two  branches,  which  are 
contained  in  the  groove  on  the  dorsum  of  the  penis,  and  it  receives  veins  from  the 
glans,  the  corpus  spongiosum,  and  numerous  superficial  veins ;  these  unite  near  the 
root  of  the  penis  into  a  single  trunk,  which  passes  through  the  suspensory  ligament 
of  the  penis,  pierces  the  triangular  ligament  beneath  the  pubic  arch,  and  divides 
into  two  branches,  which  enter  the  prostatic  plexus. 

The  vaginal  plexus  surrounds  the  mucous  membrane,  being  especially  developed 
at  the  orifice  of  the  vagina ;  it  communicates  with  the  vesical  plexus  in  front,  and 
with  the  haemorrhoidal  plexus  behind. 

The  uterine  plexus  is  situated  along  the  sides  and  superior  angles  of  the  uterus, 
between  the  layers  of  the  broad  ligament,  receiving  large  venous  canals  (the  uterine 
minuses)  from  the  substance  of  the  uterus.  The  veins  composing  this  plexus 
anastomose  frequently  with  each  other  and  with  the  ovarian  veins.  They  are  not 
tortuous  like  the  arteries. 

The  Common  Hiac  Veins  are  formed  by  the  union  of  the  external  and  internal 
iliac  veins  in  front  of  the  sacro-iliac  articulation :  passing  obliquely  upward 
toward  the  right  side,  they  terminate  upon  the  intervertebral  substance  between 
the  fourth  and  fifth  lumbar  vertebrae,  where  the  veins  of  the  two  sides  unite  at  an 
acute  angle  to  form  the  inferior  vena  cava.  The  right  common  iliac  is  shorter 
than  the  left,  nearly  vertical  in  its  direction,  and  ascends  behind  and  then  to  the 
outer  side  of  its  corresponding  artery.  The  left  common  iliac^  longer  and  more 
oblique  in  its  course,  is  at  first  situated  on  the  inner  side  of  the  corresponding 
artery,  and  then  behind  the  right  common  iliac.  Each  common  iliac  receives  the 
ilio-lumbar,  and  sometimes  the  lateral  sacral,  veins.  The  left  receives,  in  addition, 
the  middle  sacral  vein.     No  valves  are  found  in  these  veins. 

The  middle  sacral  veins  accompany  the  corresponding  artery  along  the  front 
of  the  sacrum,  and  terminate  in  the  left  common  iliac  vein ;  occasionally  in  the 
angle  of  junction  of  the  two  iliac  veins. 

Peculiarities. — The  left  common  iliac  vein,  instead  of  joining  with  the  right  in  its  usual 
position,  occasionally  ascends  on  the  left  side  of  the  aorta  as  high  as  the  kidney,  where,  after 
receiving  the  left  renal  vein,  it  crosses  over  the  aorta,  and  then  joins  with  the  ri^jht  vein  to  form 
the  vena  cava.  In  these  cases  the  two  common  iliacs  are  connected  by  a  small  communicating 
branch  at  the  spot  where  they  are  usually  united.* 

The  Inferior  Vena  Cava  returns  to  the  heart  the  blood  from  all  the  parts  below 
the  Diaphragm.  It  is  formed  by  the  junction  of  the  two  common  iliac  veins  on 
the  right  side  of  the  intervertebral  substance  between  the  fourth  and  fifth  lumbar 
vertebrae.  It  passes  upward  along  the  front  of  the  spine  on  the  right  side  of  the 
aorta,  and,  having  reached  the  under  surface  of  the  liver,  is  contained  in  a  groove 
in  its  posterior  surface.  It  then  perforates  the  central  tendon  of  the  Diaphragm, 
enters  the  pericardium,  where  it  is  covered  by  its  serous  layer,  and  terminates  in 
the  lower  and  back  part  of  the  right  auricle.  At  its  termination  in  the  auricle  it 
is  provided  with  a  valve,  the  Eustachian,  which  is  of  large  size  during  foetal  life. 

Relations. — Jn  fronts  from  below  upward,  with  the  mesentery,  right  spermatic 
artery,  transverse  portion  of  the  duodenum,  the  pancreas,  portal   vein,  and  the 

'  See  two  cases  which  have  been  described  by  Mr.  Walsham  in  the  St.  Bartholomev/s  Hwpilal 
RfjH^  vols.  xvi.  and  xvii. 
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posterior  surface  of  the  liver,  which  partly  and  occasionally  completely  surrounds 
it;  behind^  with  the  vertebral  column,  the  right  crus  of  the  Diaphragm,  the  right 
renal  and  lumbar  arteries,  right  semilunar  ganglion ;  on  the  left  side,  with  the 
aorta. 

Tributaries. — It  receives  in  its  course  the  following  veins : 

Lumbar.  Suprarenal. 

Right  Spermatic.  Phrenic. 

Renal.  Hepatic. 

Peculiarities. — In  Position, — This  vessel  is  sometimes  placed  on  the  left  side  of  the  aorta, 
as  high  as  the  left  renal  veins,  after  receiving  which  it  crosses  over  to  its  usual  position  on  the 
ri^ht  side ;  or  it  may  be  placed  altogether  on  the  left  side  of  the  aorta,  as  far  upward  as  its  ter- 
mmation  in  the  heart :  in  such  cases  the  abdominal  and  thoracic  viscera,  together  with  the  great 
vessels,  are  all  transposed. 

Point  of  Termination. — Occasional^^  the  inferior  vena  cava  joins  the  right  azypos  vein, 
which  is  then  of  large  size.  In  such  cases  the  superior  c^va  receives  the  whole  of  the  blood 
from  the  body  before  transmitting  it  to  the  right  auricle,  except  the  blood  from  the  hepatic  veins, 
which  passes  directly  into  the  right  auricle. 

The  lumbar  veins,  four  in  number  on  each  side,  collect  the  blood  bv  dorsal 
tributaries  from  the  muscles  and  integument  of  the  loins  and  by  abdominal  tribu- 
taries from  the  walls  of  the  abdomen,  where  they  communicate  with  the  epigastric 
veins.  At  the  spine  they  receive  veins  from  the  spinal  plexuses,  and  then  pass 
forward,  round  the  sides  of  the  bodies  of  the  vertebrae  beneath  the  Psoas  magnus, 
and  terminate  at  the  back  part  of  the  inferior  cava.  The  left  lumbar  veins  are 
longer  than  the  right,  and  pass  behind  the  aorta.  The  lumbar  veins  are  connected 
together  by  a  longitudinal  vein  which  passes  in  front  of  the  transverse  processes  of  the 
lumbar  vertebrae,  and  is  called  the  ascending  lumbar.  It  forms  the  most  frequent 
origin  of  the  corresponding  vena  azygos,  and  serves  to  connect  the  common  iliac, 
ilio-lumbar,  lumbar,  and  azygos  veins  of  the  corresponding  side  of  the  body. 

The  spermatic  veins  emerge  from  the  back  of  the  testis,  and  receive  tributaries 
from  the  epididymis  ;  they  unite  and  form  a  convoluted  plexus  called  the  speimiatic 
plexus  {plexus  pampiniformis),  which  forms  the  chief  mass  of  the  cord :  the  vessels 
composing  this  plexus  are  very  numerous,  and  ascend  along  the  cord  in  front  of 
the  vas  deferens :  below  the  external  abdominal  ring  thev  unite  to  form  three  or 
four  veins,  which  pass  along  the  spermatic  canal,  and,  entering  the  abdomen  through 
the  internal  abdominal  ring,  coalesce  to  form  two  veins,  which  ascend  on  the  Psoas 
muscle  behind  the  peritoneum,  lying  one  on  each  side  of  the  spermatic  artery,  and 
unite  to  form  a  single  vein,  which  opens  on  the  right  side  into  the  inferior  vena 
cava  at  an  acute  angle  ;*  on  the  left  side  into  the  left  renal  vein  at  a  right  angle. 
The  spermatic  veins  are  provided  with  valves.^  The  left  spermatic  vein  passes 
behind  the  sigmoid  flexure  of  the  colon,  and  is  thus  exposed  to  pressure  from  the 
contents  of  that  bowel. 

Surgical  Anatomy. — The  spermatic  veins  are  very  frequently  varicose,  constituting  the 
disease  known  as  varicocele.  Though  it  is  quite  possible  that  the  originating  cause  of  this 
affection  may  be  a  congenital  abnormality  either  in  the  size  or  number  of  the  veins  of  the 
pampiniform  plexus,  still  it  must  be  admitted  that  there  are  many  anatomical  reasons  why  these 
veins  should  become  varicose— viz.  the  imperfect  support  afforded  to  them  by  the  loose  tissue  of 
the  scrotum ;  their  great  length  ;  their  vertical  course ;  their 'dependent  position ;  their  plexiform 
arrangement  in  the  scrotum,  with  their  termination  in  one  small  vein  in  the  abdomen  ;  their  few 
and  imperfect  valves ;  and  the  fact  that  they  may  be  subjected  to  pressure  in  their  passage 
through  the  abdominal  wall. 

The  ovarian  veins  are  analogous  to  the  spermatic  in  the  male ;  they  form  a 
plexus  near  the  ovary  and  in  the  broad  ligament  and  Fallopian  tube,  communi- 
cating with  the  uterine  plexus.     They  terminate  in  the  same  way  as  the  spermatic 

veins  in  the  male.     Valves  are  occasionallv  found  in  these  veins.     These  vessels, 

»• 

like  the  uterine  veins,  become  much  enlarged  during  pregnancy. 

*  Kivington  has  pointed  out  that  a  valve  is  usually  found  at  the  orifices  of  both  the  right  and 
left  spermatic  veins.  When  no  valves  exist  at  the  opening  of  the  left  spermatic  vein  into  the  leA 
renal  vein,  valves  are  generally  present  in  the  left  renal  vein  within  a  quarter  of  an  inch  from 
the  orifice  of  the  spermatic  vein  (Journal  of  Anatomy  and  Physiology^  vol.  vii.  p.  163). 
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The  renal  veins  are  of  large  size,  and  placed  in  front  of  the  renal  arteries.' 
The  left  is  longer  than  the  right,  and  passes  in  front  of  the  aorta,  just  below  the 
origin  of  the  superior  mesenteric  artery.  It  receives  the  left  spermatic,  the  left 
inferior  phrenic,  and,  generally,  the  left  suprarenal  veins.  It  opens  into  the  vena 
cava  a  little  higher  than  the  right. 

The  suprarenal  veins  terminate,  on  the  right  side,  in  the  vena  cava ;  on  the 
left  side,  in  the  left  renal  or  phrenic  vein. 

The  phrenic  veins  follow  the  course  of  the  phrenic  arteries.  The  two  superior^ 
of  small  size,  accompany  the  phrenic  nerve  and  comes  nervi  phrenici  artery,  and 
join  the  internal  mammary.  The  two  inferior  phrenic  veins  follow  the  course  of 
the  phrenic  arteries,  and  terminate,  the  right  in  the  inferior  vena  cava,  the  left  in 
the  left  renal  vein. 

The  hepatic  veins  commence  in  the  substance  of  the  liver,  in  the  capillary 
terminations  of  the  portal  vein  and  hepatic  artery :  these  tributaries,  gradually 
uniting,  usually  form  three  large  veins,  which  converge  toward  the  posterior 
surface  of  the  liver  and  open  into  the  inferior  vena  cava,  whilst  that  vessel  is 
situated  in  the  groove  at  the  back  part  of  this  organ.  Of  these  three  veins,  one 
from  the  right,  and  another  from  the  left  lobe,  open  obliquely  into  the  inferior 
vena  cava,  that  from  the  middle  of  the  organ  and  lobulus  Spigelii  having  a  straight 
course.  The  hepatic  veins  run  singly,  and  are  in  direct  contact  with  the  hepatic 
tissue.     They  are  destitute  of  valves. 

The  Portal  System  of  Veins. 

The  portal  venous  system  is  composed  of  four  large  veins  which  collect  the 
venous  blood  from  the  viscera  of  digestion.  The  trunk  formed  by  their  union 
(veyia  portoe)  enters  the  liver  and  ramifies  throughout  its  substance,  and  its 
branches,  again  emerging  from  that  organ  as  the  hepatic  veins,  terminate  in  the 
inferior  vena  cava.  The  branches  in  this  vein  are  in  all  cases  single  and  destitute 
of  valves. 

The  veins  forming  the  portal  system  are — the 

Superior  Mesenteric.  Inferior  Mesenteric. 

Splenic.  Gastric. 

The  superior  mesenteric  vein  returns  the  blood  from  the  small  intestines  and 
from  .the  caecum  and  ascending  and  transverse  portions  of  the  colon,  correspond- 
ing with  the  distribution  of  the  branches  of  the  superior  mesenteric  artery.  The 
large  trunk  formed  by  the  union  of  these  branches  ascends  along  the  right  side 
and  in  front  of  the  corresponding  artery,  passes  in  front  of  the  transverse  por- 
tion of  the  duodenum,  and  unites,  behind  the  upper  border  of  the  pancreas,  with 
the  splenic  vein  to  form  the  vena  portse.     It  receives  the  right  gastro-epiploic  vein. 

The  splenic  vein  commences  by  five  or  six  large  branches  which  return  the 
blood  from  the  substance  of  the  spleen.  These,  uniting,  form  a  single  vessel,  which 
passes  from  left  to  right,  grooving  the  upper  and  back  part  of  the  pancreas  below 
the  artery,  and  terminates  at  its  greater  end  by  uniting  at  a  right  angle  with  the 
superior  mesenteric  to  form  the  vena  portae.  The  splenic  vein  is  of  large  size,  and 
not  tortuous  like  the  artery.  It  receives  the  vasa  brevia  from  the  left  extremity  of 
the  stomach,  the  left  gastro-epiploic  vein,  pancreatic  branches  from  the  pancreas, 
the  pancreatico-duodenal  vein,  and  the  inferior  mesenteric  vein. 

The  inferior  mesenteric  vein  returns  the  blood  from  the  rectum,  sigmoid  flexure, 
and  descending  colon,  corresponding  with  the  ramifications  of  the  branches  of 
the  inferior  mesenteric  artery.  Ascending  beneath  the  peritoneum  in  the  lumbar 
region,  it  passes  behind  the  transverse  portion  of  the  duodenum  and  pancreas  and 
terminates  in  the  splenic  vein.     Its  hsemorrhoidal  branches  inosculate  with  those 

'  The  Ktudent  may  observe  that  all  veins  above  the  Diaphragm,  which  do  not  He  on  the  same 
plane  as  the  arteries  which  they  accompany,  lie  in  front  of  them,  and  that  all  veins  below  the 
l)iaphrag:m,  which  do  not  lie  on  the  same  plane  as  the  arteries  which  they  accompany,  lie  behind 
them,  except  the  renal  and  profunda  femoris  vein. 
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of  the  internal  iliac,  and  thus  establish  a  communication  between  the  port&l  and 
the  general  venous  3yst€m.' 

The  gastric  veins  are  two  in  number:  one,  a  small  vein,  corresponds  to  the 
pyloric  branch  of  the  hepatic  artery  ;  the  other,  consitSerabiy  larger,  corresponds 
to  the  gastric  artery.     The  former  (pt/hric,  Walsham)  runs  along  the  lesser  cur- 


NoTE.— In  this  diagram  the  right  gastro-epiploic  vein  0|>cn3  into  the  splenic  vein  ;  generally 
it  empties  itself  into  the  superior  niestnteric,  close  to  its  terminatioo. 

vature  of  the  stomach  toward  the  pyloric  end,  receives  branches  from  the  pylorus 
and  duodenum,  and  ends  in  the  vena  portse.  The  latter  {coronary,  Walsham) 
begins  near  the  pylorus,  runs  along  the  lesser  curvature  of  the  stomach  toward  the 
'  Besides  tli'n  nnnstrtmnsiff  between  ihe  porlal  vein  nnd  the  branches  of  tlie  vena  cava,  other 
anastoraoseii  Itetween  ihe  portal  and  Bjslemic  veins  are  formed  bv  the  communicalion  between  the 
gHBtrie  veins  and  tlie  ■Bwiphagenl  veins,  which  empty  lltemsel  v'e:^  into  the  vena  aiyKos  minor;  between 
the  lerc  renal  vein  and  tlie  veins  of  the  intestine^  especially  of  the  colon  and  duodenum ;  between  ihe 
veins  of  the  round  limnnent  of  the  liver  and  the  pnrtal  veins ;  and  lielween  the  Biiperdciat  brancht-s 
of  the  portal  veins  fif  ibe  liver  and  the  phrenic  veins,  as  pointed  out  by  Mr.  Kieman.  (See  Mysii-- 
logM  Analomy,  by  Todii  and  Bowman,  ISoB,  vol,  ii.  p.  3J8.) 
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oesophageal  opening,  and  then  curves  downward  and  backward  between  the  folds 
of  the  lesser  omentum,  to  end  in  the  vena  portae. 

The  Portal  Vein  is  formed  by  the  junction  of  the  superior  mesenteric  and 
splenic  veins,  their  union  taking  place  in  front  of  the  vena  cava  ^nd  behind  the 
upper  border  of  the  great  end  of  the  pancreas.  Passing  upward  through  the  right 
border  of  the  lesser  omentum  to  the  under  surface  of  the  liver,  it  enters  the  trans- 
verse fissure,  where  it  is  somewhat  enlarged,  forming  the  sinus  of  the  portal  vein, 
and  divides  into  two  branches  which  accompany  the  ramifications  of  the  hepatic 
artery  and  hepatic  duct  throughout  the  substance  of  the  liver.  Of  these  two 
branches,  the  right  is  the  larger,  but  the  shorter,  of  the  two.  The  portal  vein  is 
about  three  or  four  inches  in  length,  and,  whilst  contained  in  the  lesser  omentum, 
lies  behind  and  between  the  hepatic  duct  and  artery,  the  former  being  to  the  right, 
the  latter  to  the  left.  These  structures  are  accompanied  by  filaments  of  the  hepatic 
plexus  of  nerves  and  numerous  lymphatics,  surrounded  by  a  quantity  of  loose 
areolar  tissue  {capsule  of  Glisson)^  and  placed  between  the  layers  of  the  lesser 
omentum.  The  vena  portae  receives  the  gastric  and  cystic  veins  :  the  latter  vein 
sometimes  terminates  in  the  right  branch  of  the  vena  portse.  Within  the  liver  the 
portal  vein  receives  the  blood  from  the  branches  of  the  hepatic  artery. 

THE  CARDIAC  VEINS. 

The  veins  which  return  the  blood  from  the  substance  of  the  heart  are — the 

Anterior  Cardiac  Vein.  Right  Cardiac  Veins. 

Posterior  Cardiac  Vein.  Right  or  Small  Coronary  Sinus. 

Left  Cardiac  Veins.  Left  or  Great  Coronary  Sinus. 

Venae  Thebesii. 

The  Anterior  Cardiac  Vein  (sometimes  called  Great  Cardiac  Vein)  is  a  vessel 
of  considerable  size  which  commences  at  the  apex  of  the  heart  and  ascends  along 
the  anterior  interventricular  groove  to  the  base  of  the  ventricles.  It  then  curves 
to  the  left  side,  around  the  auriculo-ventricular  groove,  between  the  left  auricle 
and  ventricle,  to  the  back  part  of  the  heart,  and  opens  into  the  great  coronary 
sinus,  its  aperture  being  guarded  by  two  valves.  It  receives,  in  its  course,  tribu- 
taries from  both  ventricles,  but  especially  the  left,  and  also  from  the  left  auricle ; 
one  of  these,  ascending  along  the  thick  margin  of  the  left  ventricle,  is  of  consider- 
able size.     The  vessels  joining  it  are  provided  with  valves. 

The  Posterior  Cardiac  Vein  commences  by  small  tributaries  at  the  apex  of  the 
heart,  communicating  with  those  of  the  preceding.  It  ascends  along  the  posterior 
interventricular  groove  to  the  base  of  the  heart,  and  terminates  in  the  great  coro- 
nary sinus,  its  orifice  being  guarded  by  a  valve.  It  receives  the  veins  from  the 
posterior  surface  of  both  ventricles. 

The  Left  Cardiac  Veins  are  three  or  four  small  vessels  which  collect  the  blood 
from  the  posterior  surface  of  the  left  ventricle,  and  open  into  the  lower  border  of 
the  great  coronary  sinus. 

The  Bight  Cardiac  Veins  are  three  or  four  small  vessels  which  collect  the  blood 
from  the  anterior  surface  of  the  right  ventricle.  One  of  these  (the  vein  of  Galen), 
larger  than  the  rest,  runs  along  the  right  border  of  the  heart.  They  open  sepa- 
rately into  the  lower  part  of  the  right  auricle. 

The  Bight  or  Small  Coronary  Sinus  runs  along  the  groove  between  the  right 
auricle  and  ventricle,  to  open  into  the  right  extremity  of  the  great  coronary  sinus. 
It  receives  blood  from  the  back  part  of  the  right  auricle  and  ventricle. 

The  Left  or  Great  Coronary  Sinus  is  that  portion  of  the  anterior  cardiac  vein 
which  is  situated  in  the  posterior  part  of  the  left  auriculo-ventricular  groove.  It 
is  about  an  inch  in  length,  presents  a  considerable  dilatation,  and  is  covered  by 
the  muscular  fibres  of  the  left  auricle.  It  receives  the  veins  enumerated  above, 
and  an  oblique  vein  from  the  back  part  of  the  left  auricle,  the  remnant  of  the 
obliterated  left  innominate  trunk  of  the  foetus,  described  by  Mr.  Marshall.     The 
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great  coronary  sinus  terminates  in  the  right  auricle  between  the  inferior  vena  cava 
and  the  auriculo-ventricular  aperture,  its  orifice  being  guarded  by  a  semilunar 
fold  of  the  lining  membrane  of  the  heart,  the  coronary  valve.  All  the  veins  join- 
ing this  vessel^  excepting  the  oblique  vein  above  mentioned,  are  provided  with 
valves. 

The  Vans  Thebesii  are  numerous  minute  veins,  ^vhich  return  the  blood 
directly  from  the  muscular  substance,  without  entering  the  venous  current.  They 
open  by  minute  orifices  {^foramina  Thebesii)  on  the  inner  surface  of  the  right 
auricle. 


THE    LYMPHATICS. 


THE  Lymphatics  have  derived  their  name  from  the  appearance  of  the  fluid  con- 
tained in  their  interior  (It/mpha,  water).  They  are  also  caUed  absorbents^ 
from  the  property  they  possess  of  absorbing  certain  materials  from  the  tissues  and 
conveying  them  into  the  circulation. 

The  lymphatic  system  includes  not  only  the  lymphatic  vessels  and  the  glands 
through  which  they  pass,  but  also  the  lacteal  or  chyliferous  vessels.  The  lacteals 
are  the  lymphatic  vessels  of  the  small  intestine,  and  differ  in  no  respect  from  the 
lymphatics  generally,  excepting  that  they  contain  a  milk-white  fluid,  the  chyle^ 
during  the  process  of  digestion,  and  convey  it  into  the  blood  through  the  thoracic 
duct. 

The  lymphatics  are  exceedingly  delicate  vessels,  the  coats  of  which  are  so 
transparent  that  the  fluid  they  contain  is  readily  seen  through  them.  They  retain 
a  nearly  uniform  size,  being  interrupted  at  intervals  by  constrictions,  w  hich  give 
them  a  knotted  or  beaded  appearance.  These  constrictions  are  due  to  the  pres- 
ence of  valves  in  their  interior.  Lymphatics  have  been  found  in  nearly  every 
texture  and  organ  of  the  body  which  contain  blood-vessels.  Such  non-vascular 
structures  as  cartilage,  the  nails,  cuticle,  and  hair  have  none,  but  with  these 
exceptions  it  is  probable  that  eventually  all  parts  will  be  found  to  be  permeated 
by  these  vessels. 

The  lymphatics  are  arranged  into  a  superficial  and  deep  set.  The  superficial 
lymphatics,  on  the  surface  of  the  body,  are  placed  immediately  beneath  the  integ- 
ument, accompanying  the  superficial  veins ;  they  join  the  deep  lymphatics  in  cer- 
tain situations  by  perforating  the  deep  fascia.  In  the  interior  of  the  body  they 
lie  in  the  submucous  areolar  tissue  throughout  the  whole  length  of  the  gastro- 
pulmonary  and  gen i to-urinary  tracts,  and  in  the  subserous  tissue  in  the  cranial, 
thoracic,  and  abdominal  cavities.  The  method  of  their  origin  has  been  described 
along  with  the  other  details  of  their  minute  anatomy  (page  86).  Here  it  will  be 
sufficient  to  say  that  a  plexiform  network  of  minute  lymphatics  may  be  found 
interspersed  among  the  proper  elements  and  blood-vessels  of  the  several  tissues, 
the  vessels  composing  which,  as  well  as  the  meshes  between  them,  are  much  larger 
than  those  of  the  capillary  plexus.  From  these  networks  small  vessels  emerge, 
which  pass  either  to  a  neighboring  gland  or  to  join  some  larger  lymphatic  trunk. 
The  deep  lymphatics,  fewer  in  number  and  larger  than  the  superficial,  accompany 
the  deep  blood-vessels.  Their  mode  of  origin  is  probably  similar  to  that  of  the 
superficial  vessels.  The  lymphatics  of  any  part  or  organ  exceed  the  veins  in 
number,  but  in  size  they  are  much  smaller.  Their  anastomoses  also,  especially 
those  of  the  large  trunks,  are  more  frequent,  and  are  effected  by  vessels  equal  in 
diameter  to  those  which  they  connect,  the  continuous  trunks  retaining  the  same 
diameter. 

The  lymphatic  or  absorbent  glands,  named  also  conglobate  glands^  are  small, 
solid,  glandular  bodies  situated  in  the  course  of  the  lymphatic  and  lacteal  ves- 
sels. In  size  they  vary  from  a  hemp-seed  to  an  almond,  and  their  color,  on  sec- 
tion, is  of  a  pinkish-gray  tint,  excepting  the  bronchial  glands,  which  in  the  adult 
are  mottled  with  black.  Each  gland  has  a  layer  or  capsule  of  cellular  tissue 
investing  it,  from  which  prolongations  dip  into  its  substance,  forming  partitions. 
The  lymphatic  and  lacteal  vessels  pass  through  these  bodies  in  their  passage  to 
the  thoracic  and  lymphatic  ducts.     A  lymphatic  or  lacteal  vessel,  previous  to 

6S1 
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eotering  a  gland,  divides  into  several  atnall  branches,  which  are  named  afferent 

vesieli.     As  they  enter  their  external  coat  becomes  continuous  with  the  capsule  of 

the  gland,  and  the  vessels,  much 

thinned,   and  consisting   only  of 

their  internal  or  endothelial  coat. 

J  *  pass  into  the  gland,  and  branch 

at  out  upon  and  in  the  tissue  of  the 

,  capsule,    these    branches    opening 

into     the     lymph-sinuses     of    the 

fland.  From  these  sinuses  fine 
ranches  proceed  to  form  a  plex- 
us, the  vessels  of  which  unite  to 
form  a  single  efferent  vessel,  which, 
on  emerging  from  the  gland,  is 
again  invested  with  an  external 
coat.  (Further  details  on  the  mi- 
nute anatomy  of  the  lymphatic  ves- 
sels and  glands  will  be  found  in  the 
chapter  on  General  Anatomy.) 

THE  THO&AOIO  DUCT. 

The  thoracic  duct  (Fig.  394) 
conveys  the  great  mass  of  lymph 
and  chyle  into  the  blood.  It  is  tne 
common  trunk  of  all  the  lymphatic 
vessels  of  the  body,  excepting  those 
of  the  right  side  of  the  head,  neck, 
and  thorax,  and  right  upper  ex- 
tremity, the  right  lung,  right  side 
of  the  heart,  and  the  convex  sur- 
face of  the  liver.  It  varies  in 
length  from  fifteen  to  eighteen 
inches  in  the  adult,  and  extends 
from  the  second  lumbar  vertebra 
to  the  root  of  the  neck.  It  com- 
mences in  the  abdomen  by  a  trian- 
gular dilatation,  the  receptaculum 
ckyli  (reservoir  or  cistern  of  Pec- 
quet), which  is  situated  upon  the 
front  of  the  body  of  the  second 
lumbar  vertebra,  to  the  right  side 
and  behind  the  aorta,  by  the  side 
of  the  right  crus  of  the  Diaphragm. 
It  ascends  into  the  thorax  through 
the  aortic  opening  in  the  Dia- 
phragm, lying  to  tne  right  of  the 
aorta,  and  is  placed  in  the  pos- 
terior mediastinum  in  front  of  the 
vertebral  column,  lying  between 
the  aorta  and  vena  azygos  major. 
Fia.sw.— The  iborftek  and  right  lymphatic  duct.  Opposite    the    fourth   dorsal    ver- 

tebra it  inclines  toward  the  left 
side,  and  ascends  behind  the  arch  of  the  aorta  on  the  left  side  of  the 
(esophagus,  and  behind  the  first  portion  of  the  left  subclavian  artery,  to  the 
upper  orifice  of  the  thorax.  Opposite  the  seventh  cervical  vertebra  it  turns 
outward  and  then  curves  downward  over  the  subclavian  artery  and  in  front  of 
the  Scalenus  anticua  muscle,  so  as  to  form  an  arch,  and  terminates  in  the  left 
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subclavian  vein  at  its  angle  of  junction  with  the  left  internal  jugular  vein.  The 
thoracic  duct,  at  its  commencement,  is  about  equal  in  size  to  the  diameter  of  a 
goosequill,  diminishes  considerably  in  its  calibre  in  the  middle  of  the  thorax,  and 
is  again  dilated  just  before  its  termination.  It  is  generally  flexuous  in  its  course, 
and  constricted  at  intervals  so  as  to  present  a  varicose  appearance.  The  thoracic 
duct  not  unfrequently  divides  in  the  middle  of  its  course  into  two  branches  of 
unequal  size,  which  soon  reunite,  or  into  several  branches,  which  form  a  plexiform 
interlacement.  It  occasionally  divides,  at  its  upper  part,  into  two  branches,  of 
which  the  one  on  the  left  side  terminates  in  the  usual  manner,  while  that  on  the 
right  opens  into  the  right  subclavian  vein,  in  connection  with  the  right  lymphatic 
duct.  The  thoracic  duct  has  numerous  valves  throughout  its  whole  course,  but 
they  are  more  numerous  in  the  upper  than  in  the  lower  part :  at  its  termination  it 
is  provided  with  a  pair  of  valves,  the  free  borders  of  which  are  turned  toward  the 
vein,  so  as  to  prevent  the  passage  of  venous  blood  into  the  duct. 

Tributaries. — The  thoracic  duct,  at  its  commencement,  receives  four  or  five 
large  trunks  from  the  abdominal  lymphatic  glands,  and  also  the  trunk  of  the 
lacteal  vessels.  Within  the  thorax  it  is  joined  by  the  lymphatic  vessels  from  the 
left  half  of  the  wall  of  the  thoracic  cavity,  the  lymphatics  from  the  sternal  and 
intercostal  glands,  those  of  the  left  lung,  left  side  of  the  heart,  trachea,  and 
oesophagus;  and,  just  before  its  termination,  it  receives  the  lymphatics  of  the  left 
side  of  the  head  and  neck  and  left  upper  extremity. 

Stmctnre  (Fig.  61). — The  thoracic  duct  is  composed  of  three  coats,  which 
differ  in  some  respects  from  those  of  the  lymphatic  vessels.  The  internal  coat 
consists  of  a  single  layer  of  flattened  lanceolate-shaped  endothelial  cells  with 
serrated  borders ;  of  a  subendothelial  layer,  similar  to  that  found  in  the  arteries ; 
and  an  elastic  fibrous  coat,  the  fibres  of  which  run  in  a  longitudinal  direction. 
The  middle  coat  consists  of  a  longitudinal  layer  of  white  connective  tissue  with 
elastic  fibres,  external  to  which  are  several  laminae  of  muscular  tissue,  the  fibres  of 
which  are  for  the  most  part  disposed  transversely,  but  some  are  oblique  or 
longitudinal  and  intermixed  with  elastic  fibres.  The  external  coat  is  composed  of 
areolar  tissue,  with  elastic  fibres  and  isolated  fasciculi  of  muscular  fibres. 

The  Bight  Lymphatic  Duct  is  a  short  trunk,  about  half  an  inch  in  length  and 
a  line  or  a  line  and  a  half  in  diameter.  It  terminates  in  the  right  subclavian  vein 
at  its  angle  of  junction  with  the  right  internal  jugular  vein.  Its  orifice  is  guarded 
by  two  semilunar  valves,  which  prevent  the  passage  of  venous  blood  into  the  duct. 

Tributaries. — It  receives  the  lymph  from  the  right  side  of  the  head  and  neck, 
the  right  upper  extremity,  the  right  side  of  the  thorax,  the  right  lung  and  right 
side  of  the  heart,  and  from  part  of  the  convex  surface  of  the  liver. 

LTMPHATICS  OF  THE  HEAD,  FACE,  AND  NECK. 

The  Lymphatic  Glands  of  the  Head  (Fig.  395)  are  of  small  size,  few  in  number, 
and  confined  to  its  posterior  region.  They  are  the  occipital  and  posterior 
auricular.  The  occipital  set  are  placed  at  the  back  of  the  head  along  the  attach- 
ment of  the  Occipito-frontalis  muscle.  The  posterior  auricular  set  are  placed  near 
the  upper  end  of  the  Sterno-mastoid  muscle.  Both  these  sets  of  glands  are 
affected  in  cutaneous  eruptions  and  other  diseases  of  the  scalp.  In  the  face  the 
superficial  lymphatic  glands  are  more  numerous :  they  are  the  parotid^  some  of 
which  are  superficial,  and  others  deeply  placed  in  the  substance  of  the  parotid 
gland ;  the  zygomatic^  situated  under  the  zygoma ;  the  buccal^  on  the  surface  of  the 
Buccinator  muscle  ;  and  the  internal  maxillary,  the  largest,  beneath  the  ramus  of 
the  lower  jaw. 

The  lymphatic  vessels  of  the  scalp  are  divided  into  an  anterior  and  a  posterior 
set^  which  follow  the  course  of  the  temporal  and  occipital  vessels.  The  temporal 
set  accompany  the  temporal  artery  in  front  of  the  ear,  to  the  parotid  lymphatic 
glands,  from  w^hich  they  proceed  to  the  lymphatic  glands  of  the  neck.  The 
occipital  set  follow  the  course  of  the  occipital  artery,  descend  to  the  occipital 
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and  posterior  auricular  lymphatic  glande,  and  from  thence  join  the  cervical 
glands. 

The  I^rmpbatic  VeeselE  of  tbe  Face  are  divided  into  two  Bets,  guperficial  and 
deep. 

The  superficial  iTmphatic  Tessels  of  tbe  &ce  are  more  numerouB  than  those  of 
the  head,  and  commence  over  its  entire  surface.  Those  from  the  frontal  region 
accompany  the  frontal  vessels ;  they  then  pass  obliquely  across  the  face,  ruDDing 


Fio.  SK.— The  9up«rllctal  lymphaltcg  and  glanda  or  the  head,  tkce,  and  neck. 

with  the  facial  vein,  pass  through  the  buccal  glands  on  the  surface  of  the  Bucci- 
nator muscle,  and  join  the  submaxillary  lymphatic  glands.  The  latter  receive  the 
lymphatic  vessels  from  the  lips,  and  are  often  found  enlarged  in  cases  of  malignant 
disease  of  those  parts. 

The  deep  lymphatic  vessels  of  the  &ce  are  derived  from  the  pituitary  membrane 
of  the  nose,  ttie  mucous  membrane  of  the  mouth  and  pharynx,  and  the  contents 
of  the  temporal  and  orbital  fossa; ;  thcv  accompany  the  branches  of  the  internal 
maxillary  artery,  and  terminate  in  the  internal  maxillary  and  cervical  lymphatic 
glands. 

The  lympliatic  vessels  of  the  craninm  consist  of  two  sets,  the  meningeal  and 
cerebral.  The  meningeal  li/mphatie»  acconipanv  the  meningeal  vessels,  escape 
through  foramina  at  the  base  of  the  skull,  and  join  the  deep  cervical  lymphatic 
glands.  The  cerebral  himphiitirs  are  described  by  Eshmann  as  being  situated 
between   the  arachnoid  and  pia  mater,  aa  well  as  in  the  choroid  plexuses  of  the 
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lateral  ventricles ;  they  accompany  the  trunks  of  the  carotid  and  vertebral  arteriee, 
and  probably  pass  through  foramina  at  the  base  of  the  skull  to  terminate  in  the 
deep  cervical  glands.  They  have  not  at  present  been  demonstrated  in  the  dura 
mater  or  ia  the  substance  of  the  brain. 

The  Lymphatic  Glands  of  the  Neck  are  divided  into  two  sets,  gvperficia!  and 

The  anperficial   cerrlcal   glands   may  he   arranged   in   three  sets:    (1)    The 
submaxillary,  ten  to  fifteen  in  number,  situated  beneath  the  body  of  the  lower 


Fia.  39S,— The  ilvep  Ij-mphBtica  and  glands  of  Ibe  neck  and  thorax. 

jaw  in  the  submaxillary  triangle ;  (2)  suprahyoid,  situated  in  the  middle  line  of  the 
neck,  between  the  anterior  bellies  of  the  two  digastric  muscles ;  and  (3)  cervical, 
placed  in  the  course  of  the  external  jugular  vein  between  the  Platysma  and  deep 
fascia.  They  are  most  numerous  at  the  root  of  the  neck,  in  the  triangular 
iDterval  between  the  clavicle,  the  Slerno-mastoid,  and  the  Trapezius,  where  they 
are  continuous  with  the  axillary  glands.  A  few  small  glands  are  also  found  on 
the  front  and  sides  of  the  larynx. 

The  deep  cerrlcal  glands  (Fig.  396)  are  numerous  and  of  large  size ;  they  form 
a  chain  along  the  sheath  of  the  carotid  artery  and  internal  jugular  vein,  lying  by 
the  side  of  the  pharynx,  oesophagus,  and  trachea,  and  extending  from  the  base  of 
the  skull  to  the  thorax,  where  they  communicate  with  the  lymphatic  glands  in  that 
cavity.     They  are  subdivided  into  two  sets:  an  upper,  ten  to  twenty  in  number, 
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situated  about  the  bifurcation  of  the  common  carotid  and  along  the  upper  part 
of  the  internal  jugular  vein ;  and  a  lower ^  ten  to  fifteen  in  number,  clustered  around 
the  lower  part  of  the  internal  jugular  vein,  and  extending  outward  into  the  supra- 
clavicular fossa,  where  they  are  continuous  with  the  axillary  glands.  Internally, 
this  set  is  continuous  with  the  mediastinal  glands. 

The  superficial  and  deep  cervical  lymphatic  vessels  are  a  continuation  of  those 
already  described  on  the  cranium  and  face.  After  traversing  the  glands  in  those 
regions,  they  pass  through  the  chain  of  glands  which  lie  along  the  sheath  of  the 
carotid  vessels,  being  joined  by  the  lymphatics  from  the  pharynx,  oesophagus, 
larynx,  trachea,  and  thyroid  gland.  At  the  lower  part  of  the  neck,  after  receiving 
some  lymphatics  from  the  thorax,  they  unite  into  a  single  trunk,  which  terminates, 
on  the  left  side,  in  the  thoracic  duct ;  on  the  right  side,  in  the  right  lymphatic 
duct. 

Surgical  Anatomy. — ^The  cervical  glands  are  very  frequently  the  seat  of  tuberculous 
trouble.  This  condition  is  most  usually  set  up  by  some  lesion  in  those  parts  from  which  they 
receive  their  lymph.  This  excites  some  inflammation,  which  subsequently  takes  on  a  tuberculous 
character.  It  is  very  desirable,  therefore,  for  the  surgeon,  in  dealing  with  these  cases,  to  possess 
a  knowledge  of  the  relation  of  the  respective  groups  of  glands  to  the  periphery.  The  foflowing 
table  is  extracted  from  Mr.  Treves's  work  on  Scrofula  audits  Gland  Diseases: 

Scalp. — Posterior  part  =  suboccipital  and  mastoid  glands.  Frontal  and  parietal  portions  = 
parotid  glands. 

Lymphatic  vessels  from  the  scalp  also  enter  the  superficial  cervical  set  of  glands. 

Skin  of  face  and  7i4fck  =  submaxillary,  parotid,  and  superficial  cervical  glands. 

External  ear  =  superficial  cervical  glands. 

Lower  lip  =  submaxillary  and  suprahyoid  glands. 

Buccal  cavity  =  submaxillary  ana  upper  set  of  deep  cervical  glands. 

Gums  of  lower  jaw  =  s\ihmQx\\\&Ty  giSLiida, 

Tongue. — Anterior  portion  =  suprahyoid  and  submaxillary  glands.  Posterior  portion  =» 
upper  set  of  deep  cervical  glands. 

Tonsils  and  palate  =  upper  set  of  deep  cervical  glands. 

Pharynx. — tipper  part  =  parotid  and  retro- phar>'ngeal  glands.  Lower  part  =  upper  set  of 
deep  cervical  glands. 

Larynx^  orbit ,  and  roof  of  mouth  =  upper  set  of  deep  cer\ncal  glands. 

iVcwaZyb«»cc  =  retro-pharyngeal  glands,  upper  set  of  deep  cervical  glands.  Some  lymphatic 
vessels  from  posterior  part  of  the  fossae  enter  tne  parotid  glands. 

LYMPHATICS  OF  THE  UPPER  EXTREMITY. 

The  Lymphatic  Glands  of  the  Upper  Extremity  (Fig.  397)  are  divided  into  two 
sets,  superjicial  and  deep. 

The  superficial  lymphatic  glands  are  few  and  of  small  size.  There  are  occa- 
sionally two  or  three  in  front  of  the  elbow,  and  one  or  two  above  the  internal 
condyle  of  the  humerus,  near  the  basilic  vein. 

The  deep  lymphatic  glands  are  few  in  number,  and  are  subdivided  into 
those  in  the  forearm,  the  arm,  and  the  axilla.  In  the  forearm  a  few  small 
ones  are  occasionally  found  in  the  course  of  the  radial  and  ulnar  vessels.  In  the 
arm  there  is  a  chain  of  small  glands  along  the  inner  side  of  the  brachial  artery. 
One,  sometimes  two,  fairly  constant  glands  are  situated  a  little  above  and  in  front 
of  the  inner  condyle  of  the  humerus.  In  the  axilla  they  are  of  large  size,  and 
usually  ten  or  twelve  in  number.  A  chain  of  these  glands  surrounds  the  axillary 
vessels,  imbedded  in  a  quantity  of  loose  areolar  tissue ;  they  receive  the  lymphatic 
vessels  from  the  arm ;  others  are  dispersed  in  the  areolar  tissue  of  the  axilla ;  the 
remainder  are  arranged  in  two  series,  a  small  chain  running  along  the  lower 
border  of  the  Pectoralis  major,  receiving  the  lymphatics  from  the  front  of  the 
chest  and  mamma ;  and  others  are  placed  along  the  low'er  margin  of  the  posterior 
wall  of  the  axilla,  which  receive  the  lymphatics  from  the  integument  of  the  back. 
Two  or  three  subclavian  lymphatic  glands  are  placed  immediately  beneath  the 
clavicle ;  it  is  through  these  that  the  axillary  and  deep  cervical  glands  communi- 
cate with  each  other. 

Surgical  Anatomy. — In  malignant  diseases,  tumors,  or  other  affections  implicating  the 
upper  part  of  the  back  and  shoulder,  the  front  of  the  chest  and  mamma,  the  upper  part  of  the 
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front  and  side  of  the  abdomeo,  or  the  hand,  forearm,  and  arm,  the  axillary  glands  are  liable  Ui 
be  found  enlarged. 

The  lymphatic  vessels  of  the  upper  extremitjr  are  divided  into  two  sets,  super- 
Jicial  and  deep. 

The  snperflclsl  lymphatic  vessels  of  the  npper  extremity  commeQce  on  the  fin- 
gers, two  vessels  running  along  either  side  of  each  finger,  one  on  the  palmar  and 
the  other  on  the  dorsal  surface-     Those  on  the  palmar  surface  form  an  arch  in  the 


Flo.  3VT,— The  superficial  l/mpliatlcs  and  glBDdB  Df  (be  upper  eitremltr. 

palm  of  the  hand,  from  which  are  derived  two  sets  of  vessels,  which  pass  up  the 
forearm,  taking  the  course  of  the  subcutaneous  veins.  The  lymphatics  from  the 
dorsal  surface  of  the  fingers  form  a  plexus  on  the  biick  of  the  hand,  and,  winding 
around  the  inner  and  outer  borders  of  the  forearm,  unite  with  those  in  front.  Those 
from  the  inner  border  of  the  band  accompany  the  ulnar  veins  along  the  inner  side 
of  the  forearm  to  the  bend  of  the  elbow,  where  they  are  joined  by  some  lymphatics 
from  the  outer  side  of  the  forearm ;  they  then  follow  the  course  of  the  basilic  vein, 
communicate  with  the  glands  immediately  above  the  elbow,  and  terminate  in  the 
aiiliary  glands,  joining  with  the  deep  lymphatics.     The  superficial  lymphatics  from 
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the  outer  and  back  part  of  the  hand  accompany  the  radial  veins  to  the  bend  of  the 
elbow.  They  are  less  numerous  than  the  preceding.  At  the  bend  of  the  elbow 
the  greater  number  join  the  basilic  group  ;  the  rest  ascend  with  the  cephalic  vein 
on  the  outer  side  of  the  arm,  some  crossing  the  upper  part  of  the  Biceps  obliquely, 
to  terminate  in  the  axillary  glands,  whilst  one  or  two  accompany  the  cephalic  vein 
in  the  cellular  interval  between  the  Pectoralis  major  and  Deltoid,  and  enter  the 
subclavian  lymphatic  glands. 

The  deep  lymphatic  vessels  of  the  upper  extremity  accompany  the  deep  blood- 
vessels. In  the  forearm  they  consist  of  four  sets,  corresponding  with  the  radial, 
ulnar,  and  interosseous  arteries ;  they  pass  through  the  glands  occasionally  found 
in  the  course  of  those  vessels,  and  communicate  at  intervals  with  the  superficial 
lymphatics.  In  their  course  upward  some  of  them  pass  through  the  glands  which 
lie  upon  the  brachial  artery ;  they  then  enter  the  axillary  and  subclavian  glands, 
and  at  the  root  of  the  neck  terminate  on  the  left  side  in  the  thoracic  duct,  and  on 
the  right  side  in  the  right  lymphatic  duct. 

LYMPHATICS  OF  THE  LOWER  EXTREMITY. 

The  Lymphatic  Glands  of  the  Lower  Extremity  are  divided  into  two  sets,  super- 
ficial  and  deep.  The  superficial  are  confined  to  the  inguinal  region,  forming  the 
superficial  inguinal  lymphatic  glands. 

The  superficial  inguinal  lymphatic  glands,  placed  immediately  beneath  the 
integument,  are  of  large  size,  and  vary  from  eight  to  ten  in  number.  They  are 
divisible  into  two  groups :  an  upper  oblique  set,  disposed  irregularly  along  Pou- 
part's  ligament,  which  receive  the  lymphatic  vessels  from  the  integument  of  the 
scrotum,  penis,  parietes  of  the  abdomen,  perineal  and  gluteal  regions,  and  the 
mucous  membrane  of  the  urethra ;  and  an  inferior  vertical  set,  which  surround  the 
saphenous  opening  in  the  fascia  lata,  a  few  being  sometimes  continued  along  the 
sa})henous  vein  to  a  variable  extent.  This  latter  group  receive  the  superficial 
lymphatic  vessels  from  the  lower  extremity. 

Surgical  Anatomy. — These  glands  frequently  become  enlarged  in  diseases  implicating  the 
parts  from  which  their  U^mphatics  originate.  Thus  in  malignant  or  syphilitic  affections  of  the 
prepuce  and  penis,  or  of  the  labia  niajora  in  the  female,  in  cancer  scroti,  in  absc^sin  the  peri- 
naBum,  or  in  any  other  diseases  affecting  the  integument  and  superficial  structures  in  those  parts, 
or  the  subumbilical  part  of  the  abdominal  wall  or  the  gluteal  region,  the  upper  chain  of  glands 
is  almost  invariably  enlarged,  the  lower  chain  being  implicated  in  diseases  affecting  the  lower 
limb. 

The  deep  lymphatic  glands  are  the  anterior  tibial,  popliteal,  deep  inguinal, 
gluteal,  and  ischiatic. 

The  anterior  tibial  gland  is  not  constant  in  its  existence.  It  is  gener- 
ally found  by  the  side  of  the  anterior  tibial  artery,  upon  the  interosseous  mem- 
brane at  the  upper  part  of  the  leg.  Occasionally,  two  glands  are  found  in 
this  situation. 

The  popliteal  glands,  four  or  five  in  number,  are  of  small  size ;  they  surround 
the  popliteal  vessels,  imbedded  in  the  cellular  tissue  and  fat  of  the  popliteal  space. 

The  deep  inguinal  glands  are  placed  beneath  the  deep  fascia  around  the  femoral 
artery  and  vein.  They  are  of  small  size,  and  communicate  with  the  superficial 
inguinal  glands  through  the  saphenous  opening. 

The  gluteal  and  ischiatic  glands  are  placed,  the  former  above,  the  latter  below, 
the  Pyriforrais  muscle,  resting  on  their  corresponding  vessels  as  they  pass  through 
the  great  sacro-sciatic  foramen. 

The  Lymphatic  Vessels  of  the  Lower  Extremity,  like  the  veins,  may  be  divided 
into  two  sets,  superficial  and  deep. 

The  superficial  lymphatic  vessels  are  placed  beneath  the  integument  in  the 
superficial  fascia,  and  are  divisible  into  two  groups:  an  internal  group,  which 
follow  the  course  of  the  internal  saphenous  vein ;  and  an  external  group,  which 
accompany  the  external  saphenous.  The  internal  group^  the  larger,  commence  on 
the  inner  side  and  dorsum  of  the  foot ;  they  pass,  some  in  front  and  some  behind 
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the  inner  ankle,  run  up  the  leg  with 
the  internal  Ji^aphenous  vein,  pass  with  it 
behind  the  inner  condyle  of  the  femur, 
and  accompany  it  to  the  groin,  where 
they  terminate  in  the  group  of  super- 
ficial inguinal  lymphatic  glands  which 
surround  the  saphenous  opening.  Some 
of  the  efferent  vessels  from  these  glands 
pierce  the  cribriform  fascia  and  sheath 
of  the  femoral  vessels,  and  terminate  in 
a  lymphiLtic  gland  contained  in  the 
femoral  canal,  thus  establishing  a  com- 
munication between  the  lymphatics  of 
the  lower  extremity  and  those  of  the 
trunk;  others  pierce  the  fascia  lata  and 
join  the  deep  inguinal  glands.  The  ex- 
ternal </roup  arise  from  the  outer  side 
of  the  foot,  ascend  in  front  of  the  leg, 
and.  just  below  the  knee,  cross  the  tibia 
fnim  without  Inward,  to  join  the  lym- 
phatics on  the  inner  side  of  the  thigh. 
Others  commence  on  the  outer  side  of 
the  foot,  pass  behind  the  outer  malleolus, 
ami  accompany  the  external  saphenous 
vein  along  the  back  of  the  leg,  where  they 
enter  the  popliteal  glands. 

The  deep  lymphatic  Teasels  of  tlie 
lower  eztremit7  are  few  in  number  and 
accompany  the  deep  blood-vessels.  In 
ihe  leg  they  consist  of  three  sets,  the 
anterior  tibial,  peroneal,  and  posterior 
tibial,  which  accompany  the  correspond- 
ing blood-vessels,  two  or  three  to  each 
artery ;  they  ascend  with  the  blood- 
vessels and  enter  the  lymphatic  glands 
in  the  popliteal  space ;  the  efferent 
vessels  from  these  glands  accompany 
the  femoral  vein  and  join  the  deep 
inguinal  glands;  from  these,  the  vessels 
pass  beneath  Poupart's  ligament  and  com- 
municate with  the  chain  of  glands  sur- 
rounding the  external  iliac  vessels. 

The  deep  lymphatic  vessels  of  the 
gluteal  and  ischiatic  regions  follow  the 
course  of  the  blood-vessels,  and  join  the 
gluteal  and  ischiatic  glands  at  the  great 
sacro-sciatic  foramen. 

LYH^UTIOS  OF  THE  FELTIS  AND 


The  Lymphatic  Qlauds  in  tlie  Pelvis 
are  the  external  iliac,  the  internal  iliac, 
and  the  sacral.  Those  of  the  abdomen 
are  the  lumbar  glands. 

The  external  iliac  glands  form  an  unin-         fio,  3M.-Tht  ,uj.urfiuiui  ij-mphoiics  aua  giande 
ternipted  chain  round  the  external  iliac    ""he  lower  extremity, 
vessels,  three  being  placed  round  the  commencement  of  the  vessels  just  behind  the 
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crural  arch.  They  commuDicate  below  with  the  deep  inguinal  lymphatic  glands, 
and  above  with  the  lumbar  glands. 

The  Internal  iliac  glands  surround  the  internal  iliac  vessels ;  they  receive  the 
lymphatic  veaeets  corresponding  to  the  branches  of  the  internal  iliac  artery,  and 
communicate  with  the  lumbar  glands. 

The  aacral  glands  occupy  the  sides  of  the  anterior  surface  of  the  sacrum,  some 
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being  situated  in  the  meso-rectal  fold.     These  and  the  internal  iliac  glands  are 
alTected  in  malignant  disease  of  the  bladder,  rectum,  or  uterus. 

The  lumbar  glands  are  very  numerous ;  they  are  situated  on  the  front  of  the 
lumbar  vertebrae,  surrounding  the  common  iliac  vessels,  the  aorta,  and  vena  cava ; 
■  they  receive  the  lymphatic  vessels  from  the  lower  extremities  and  pelvis,  as  well  as 
from  the  testes  and  some  of  the  abdominal  viscera :  the  efferent  vessels  from  these 
glands  unite  into  a  few  large  trunks,  which,  with  the  lacteals,  form  the  commence- 
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ment  of  the  thoracic  duct.  In  addition  to  these  there  are  a  few  small  lateral  lum- 
bar glands  which  lie  between  the  transverse  processes  of  the  vertebrae,  behind  the 
Psoas  muscle,  and  receive  lymphatics  from  the  back.  In  some  cases  of  malignant 
disease  these  glands  become  enormously  enlarged,  completely  surrounding  the  aorta 
and  vena  cava,  and  occasionally  greatly  contracting  the  calibre  of  those  vessels. 
In  all  cases  of  malignant  disease  of  the  testes  and  in  malignant  disease  of  the  lower 
limb,  before  any  operation  is  attempted,  careful  examination  of  the  abdomen  should 
be  made,  in  order  to  ascertain  if  any  enlargement  exists ;  and  if  any  should  be 
detected,  all  operative  measures  should  be  avoided  as  fruitless. 

The  Lsrmphatic  Vessels  of  the  Abdomen  and  Pelvis  may  be  divided  into  two  sets, 
tuperficial  and  deep. 

The  superficial  Ijrmphatic  vessels  of  the  walls  of  the  abdomen  and  pelvis  follow 
the  course  of  the  superficial  blood-vessels.  Those  derived  from  the  integument 
of  the  lower  part  of  the  abdomen  below  the  umbilicus  follow  the  course  of  the 
superficial  epigastric  vessels  and  converge  to  the  superior  group  of  the  superficial 
inguinal  glands ;  a  deeper  set  accompany  the  deep  epigastric  vessels,  and  commu- 
nicate with  the  external  iliac  glands.  The  superficial  lymphatics  from  the  sides 
of  the  lumbar  part  of  the  abdominal  wall  wind  round  the  crest  of  the  ilium, 
accompanying  the  superficial  circumflex  iliac  vessels,  to  join  the  superior  group 
of  the  superficial  inguinal  glands;  the  greater  number,  however,  run  back- 
ward along  with  the  ilio-lumbar  and  lumbar  vessels,  to  join  the  lateral  lumbar 
glands. 

The  superficial  Ijrmphatic  vessels  of  the  gluteal  region  turn  horizontally  round 
the  outer  side  of  the  nates,  and  join  the  superficial  inguinal  glands. 

The  superficial  Ijrmphatic  vessels  of  the  scrotum  and  perinsum  follow  the  course 
of  the  external  pudic  vessels,  and  terminate  in  the  superficial  inguinal  glands. 

The  superficial  lymphatic  vessels  of  the  penis  occupy  the  sides  and  dorsum  of 
the  organ,  the  latter  receiving  the  lymphatics  from  the  skin  covering  the  glans 
peni.s ;  they  all  converge  to  the  upper  chain  of  the  superficial  inguinal  glans.  The 
deep  Ijrmpliatic  vessels  of  the  penis  follow  the  course  of  the  internal  pudic  vessels, 
and  join  the  internal  iliac  glands. 

In  the  female  the  lymphatic  vessels  of  the  mucous  membrane  of  the  labia, 
nymphae,  and  clitoris  terminate  in  the  upper  chain  of  the  inguinal  glands. 

The  deep  Ijrmphatic  vessels  of  the  abdomen  and  pelvis  take  the  course  of  the 
principal  blood-vessels.  Those  of  the  parietes  of  the  pelvis,  which  accompany 
the  gluteal,  ischiatic,  and  obturator  vessels,  follow  the  course  of  the  internal  iliac 
artery,  and  ultimately  join  the  lumbar  lymphatics. 

The  efferent  vessels  from  the  inguinal  glands  enter  the  pelvis  beneath  Poupart's 
ligament,  where  they  lie  in  close  relation  with  the  femoral  vein ;  they  then  pass 
through  the  chain  of  glands  surrounding  the  external  iliac  vessels,  and  finally  ter- 
minate in  the  lumbar  glands.  They  receive  the  deep  epigastric  and  circumflex 
iliac  lymphatics. 

The  lymphatic  vessels  of  the  bladder  arise  from  the  entire  surface  of  the 
organ ;  *  the  greater  number  run  beneath  the  peritoneum  on  its  posterior  surface, 
and,  after  passing  through  the  Ivmphatic  glands  in  that  situation,  join  with  the 
lymphatics  from  the  prostate  and  vesiculae  seminales,  and  enter  the  internal  iliac 
glands. 

The  Isrmphatic  vessels  of  the  rectum  are  of  large  size ;  after  passing  through 
some  small  glands  that  lie  upon  ita  outer  wall  and  in  the  meso-rectum  they  pass  to 
the  sacral  glands. 

The  Isrmphatic  vessels  of  the  uterus  consist  of  two  sets,  superficial  and  deep, 
the  former  being  placed  beneath  the  peritoneum,  the  latter  in  the  substance  of  the 
organ.  The  lymphatics  of  the  cervix  uteri,  together  with  those  from  the  vagina, 
enter  the  internal  iliac  and  sacral  glands ;  those  from  the  body  and  fundus  of  the 
uterus  pass  outward  in  the  broad  ligaments,  and,  being  joined  by  the  lymphatics 

*  Cumow  states  that  they  are  confined  to  the  base  of  the  organ. 
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from  the  ovaries,  broad  ligaments,  and  Fallopian  tubes,  ascend  with  the  ovarian 
vessels  to  open  into  the  lumbar  glands.  In  the  unimpregnated  uterus  they  are 
small,  but  during  gestation  they  become  very  greatly  enlarged. 

The  lymphatic  vessels  of  the  testicle  consist  of  two  sets,  superficial  and  deep :  the 
former  commence  on  the  surface  of  the  tunica  vaginalis,  the  latter  in  the  epididy- 
mis and  body  of  the  testis.  They  form  several  large  trunks  which  ascend  with 
the  spermatic  cord,  and,  accompanying  the  spermatic  vessels  into  the  abdomen, 
terminate  into  the  lumbar  glands;  hence  the  enlargement  of  these  glands  in 
malignant  disease  of  the  testis. 

The  lymphatic  vessels  of  the  kidney  arise  on  the  surface,  and  also  in  the  inte- 
rior of  the  organ  ;  they  join  at  the  hilum,  and,  after  receiving  the  lymphatic  vessels 
from  the  ureter  and  suprarenal  capsules,  open  into  the  lumbar  glands. 

The  lymphatic  vessels  of  the  liver  are  divisible  into  two  sets,  superficial  and  deep. 
The  former  arise  in  the  subperitoneal  areolar  tissue  over  the  entire  surface  of  the 
organ.  Those  on  the  convex  surface  may  be  divided  into  four  groups :  1.  Those 
which  pass  from  behind  forward,  consisting  of  three  or  four  branches,  which  ascend 
in  the  longitudinal  ligament  and  unite  to  form  a  single  trunk,  which  passes  up 
between  the  fibres  of  the  Diaphragm,  behind  the  ensiform  cartilage,  to  enter  the 
anterior  mediastinal  glands,  and  finally  ascends  to  the  root  of  the  neck,  to  ter- 
minate in  the  right  lymphatic  duct.  2.  Another  group,  which  also  incline  from 
behind  forward,  are  reflected  over  the  anterior  margin  of  the  liver  to  its  under 
surface,  and  from  thence  pass  along  the  longitudinal  fissure  to  the  glands  in  the 
gastro-hepatic  omentum.  3.  A  third  group  incline  outward  to  the  right  lateral 
ligament,  and,  uniting  into  one  or  two  large  trunks,  pierce  the  Diaphragm,  and 
run  along  its  upper  surface  to  enter  the  anterior  mediastinal  glands,  or,  instead 
of  entering  the  thorax,  turn  inward  across  the  crus  of  the  Diaphragm  and  open 
into  the  commencement  of  the  thoracic  duct.  4.  The  fourth  group  incline  out- 
ward from  the  surface  of  the  left  lobe  of  the  liver  to  the  left  lateral  ligament, 
pierce  the  Diaphragm,  and,  passing  forward,  terminate  in  the  glands  in  the  ante- 
rior mediastinum. 

The  superficial  lymphatics  on  the  under  surface  of  the  liver  are  divided  into 
three  sets :  1.  Those  on  the  right  side  of  the  gall-bladder  enter  the  lumbar  glands. 

2.  Those  surrounding  the  gall-bladder  form  a  remarkable  plexus ;  they  accom- 
pany the  hepatic  vessels,  and  open  into  the  glands  in  the  gastro-hepatic  omentum. 

3.  Those  on  the  left  of  the  gall-bladder  pass  to  the  oesophageal  glands  and  to  the 
glands  which  are  situated  along  the  lesser  curvature  of  the  stomach. 

The  deep  lymphatics  accompany  the  branches  of  the  portal  vein  and  the  hepatic 
artery  and  duct  through  the  substance  of  the  liver;  passing  out  at  the  transverse 
fissure,  they  enter  the  lymphatic  glands  along  the  lesser  curvature  of  the  stomach 
and  behind  the  pancreas,  or  join  with  one  of  the  lacteal  vessels  previous  to  its 
termination  in  the  thoracic  duct. 

The  lymphatic  glands  of  the  stomach  are  of  small  size ;  they  are  placed  along 
the  lesser  and  greater  curvatures,  some  within  the  gastro-splenic  omentum,  whilst 
others  surround  the  cardiac  and  pyloric  orifices. 

The  lymphatic  vessels  of  the  stomach  consist  of  two  sets,  superficial  and  deep^ 
the  former  originating  in  the  subserous,  and  the  latter  in  the  submucous,  coat. 
They  follow  the  course  of  the  blood-vessels,  and  may  consequently  be  arranged 
into  three  groups :  The  first  group  accompany  the  gastric  vessels  along  the  lesser 
curvature,  receiving  branches  from  both  surfaces  of  the  organ,  and  pass  to  the 
glands  around  the  pylorus.  The  second  group  pass  from  the  great  end  of  the 
stomach,  accompanying  the  vasa  brevia,  and  enter  the  splenic  lymphatic  glands. 
The  third  group  run  along  the  greater  curvature  with  the  right  gastro-epiploic 
vessels,  and  terminate  at  the  root  of  the  mesentery  in  one  of  the  principal  lacteal 
vessels. 

The  lymphatic  glands  of  the  spleen  occupy  the  hilum.  Its  lymphatic  vessels 
consist  of  two  sets,  superficial  and  deep :  the  former  are  placed  beneath  its 
peritoneal  covering,  the  latter  in  the  substance  of  the  organ  ;  they  accompany  the 
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blood-vessels,  passing  through  a  series  of  small  glands,  and,  after  receiving  the 
lymphatics  from  the  pancreas,  ultimately  pass  into  the  thoracic  duct. 

THE  LYMPHATIC  SYSTEM  OF  THE  INTESTINES. 

The  lymphatic  glands  of  the  small  intestine  are  placed  between  the  layers  of 
the  mesentery,  occupying  the  meshes  formed  by  the  superior  mesenteric  vessels, 
and  hence  called  mesenteric  glaiids.  They  vary  in  number  from  a  hundred  to  a 
hundred  and  fifty,  and  in  size  from  that  of  a  pea  to  that  of  a  small  almond. 
These  glands  are  most  numerous,  and  largest  above,  near  the  duodenum,  and 
below,  opposite  the  termination  of  the  ileum  in  the  colon.  This  latter  group 
becomes  enlarged  and  infiltrated  with  deposit  in  cases  of  fever  accompanied  with 
ulceration  of  the  intestines. 

The  lymphatic  glands  of  the  large  intestine  are  much  less  numerous  than  the 
mesenteric  glands;  they  are  situated  along  the  vascular  arches  formed  by  the 
arteries  previous  to  their  distribution,  and  even  sometimes  upon  the  intestine 
itself.  They  are  fewest  in  number  along  the  transverse  colon,  where  they  form 
an  uninterrupted  chain  with  the  mesenteric  glands. 

The  lymphatic  vessels  of  the  small  intestine  are  called  lacteals,  from  the  milk- 
white  fluid  they  usually  contain :  they  consist  of  two  sets,  superficial  and  deep, 
the  former  lie  between  the  lavers  of  the  muscular  coat  and  between  the  muscular 
and  peritoneal  coats,  taking  a  longitudinal  course  along  the  outer  side  of  the 
intestine ;  the  latter  occupy  the  submucous  tissue,  and  course  transversely  round 
the  intestine,  accompanied  by  the  branches  of  the  mesenteric  vessels ;  they  pass 
between  the  layers  of  the  mesentery,  enter  the  mesenteric  glands,  and  finally 
unite  to  form  two  or  three  large  trunks  which  terminate  in  the  thoracic  duct. 

The  Isrmphatic  vessels  of  the  large  intestine  consist  of  two  sets :  those  of  the 
cjecum,  ascending  and  transverse  colon,  which,  after  passing  through  their  proper 
glands,  enter  the  mesenteric  glands ;  and  those  of  the  descending  colon,  sigmoid 
flexure,  and  rectum,  which  pass  to  the  lumbar  glands. 

THE  LYMPHATICS  OF  THE  THORAX. 

The  Ljrmphatic  Glands  of  the  Thoracic  Wall  are  the  intercostal,  internal  mam- 
mary, anterior  mediastinal,  and  posterior  mediastinal. 

The  intercostal  glands  are  small,  irregular  in  number,  and  situated  on  each 
side  of  the  spine,  near  the  costo-vertebral  articulations,  some  being  placed  between 
the  two  planes  of  intercostal  muscles. 

The  internal  mammary  glands  are  placed  at  the  anterior  extremity  of  each 
intercostal  space,  by  the  side  of  the  internal  mammary  vessels. 

The  anterior  mediastinal  glands  are  placed  in  the  loose  areolar  tissue  of  the 
anterior  mediastinum,  some  lying  upon  the  Diaphragm  in  front  of  the  pericardium, 
and  others  round  the  great  vessels  at  the  base  of  the  heart. 

The  posterior  mediastinal  glands  are  situated  in  the  areolar  tissue  in  the  poste- 
rior mediastinum,  forming  a  continuous  chain  by  the  side  of  the  aorta  and  oesoph- 
agus ;  they  communicate  on  each  side  with  the  intercostal,  below  with  the  lumbar, 
and  above  with  the  deep  cervical  glands. 

The  Superficial  Lymphatic  Vessels  of  the  Front  of  the  Thorax  run  across  the 
great  Pectoral  muscle,  and  those  on  the  back  part  of  this  cavity  lie  upon  the 
Trapezius  and  Latissimus  dorsi ;  they  all  converge  to  the  axillary  glands.  The 
lymphatics  from  the  greater  part  of  the  mammary  gland  pass  outward  to  the 
lower  border  of  the  Pectoralis  major  muscle,  where  they  enter  a  chain  of  small 
glands  situated  in  the  axillary  space  along  the  lower  border  of  its  anterior 
boundary.  Some  few  lymphatics  from  the  inner  side  of  the  mammary  gland  pass 
through  the  intercostal  spaces  to  reach  the  anterior  mediastinal  glands. 

The  Deep  Lymphatic  Vessels  of  the  Thoracic  Wall  are  the  intercostal,  internal 
mammary,  and  diaphragmatic. 

The  intercostal  lymphatic  vessels  follow  the  course  of  the  intercostal  vessels, 
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receiving  lymphatics  from  the  intercostal  muscles  and  pleura  ;  they  pass  backward 
to  the  spine,  and  unite  with  lymphatics  from  the  back  part  of  the  thorax  and  spinal 
canal.  After  traversing  the  intercostal  glands,  they  pass  down  the  spine  and 
terminate  in  the  thoracic  duct. 

The  internal  mammary  lymphatic  vessels  follow  the  course  of  the  internal 
mammary  vessels;  they  commence  in  the  muscles  of  the  abdomen  above  the 
umbilicus,  communicating  with  the  epigastric  lymphatics,  ascend  between  the 
fibres  of  the  Diaphragm  at  its  attachment  to  the  ensiform  appendix,  and  in  their 
course  behind  the  costal  cartilages  are  joined  by  the  intercostal  lymphatics ;  they 
terminate  on  the  right  side  in  the  right  lymphatic  duct,  on  the  left  side  in  the 
thoracic  duct. 

The  lymphatic  vessels  of  the  Diaphragm  follow  the  course  of  their  correspond- 
ing vessels,  and  terminate,  some  in  front  in  the  anterior  mediastinal  and  internal 
mammary  glands,  some  behind,  in  the  intercostal  and  posterior  mediastinal  lymph- 
atics. 

The  Lymphatic  Glands  of  the  Viscera  are  the  bronchial  glands. 

The  bronchial  glands  are  situated  round  the  bifurcation  of  the  trachea  and 
roots  of  the  lungs.  They  are  ten  or  twelve  in  number,  the  largest  being  placed 
opposite  the  bifurcation  of  the  trachea,  the  smallest  round  the  bronchi  and  their 
primary  divisions  for  some  little  distance  within  the  substance  of  the  lungs.  In 
infancy  they  present  the  same  appearance  as  lymphatic  glands  in  other  situations ; 
in  the  adult  they  assume  a  brownish  tinge,  and  in  old  age  a  deep  black  color. 
Occasionally  they  become  sufficiently  enlarged  to  compress  and  narrow  the  canal 
of  the  bronchi,  and  they  are  often  the  seat  of  tubercle  or  cretaceous  deposits. 

The  lymphatic  vessels  of  the  lung  consist  of  two  sets,  superficial  and  deep : 
the  former  are  placed  beneath  the  pleura,  forming  a  minute  plexus  which  covers 
the  outer  surface  of  the  lung ;  the  latter  accompany  the  blood-vessels  and  run  along 
the  bronchi :  they  both  terminate  at  the  root  of  the  lungs  in  the  bronchial  glands. 
The  efferent  vessels  from  these  glands,  two  or  three  in  number,  ascend  upon  the 
trachea  to  the  root  of  the  neck,  traverse  the  tracheal  and  oesophageal  glands,  and 
terminate  on  the  left  side  in  the  thoracic  duct  and  on  the  right  side  in  the  right 
lymphatic  duct. 

The  cardiac  lymphatic  vessels  consist  of  two  sets,  superficial  and  deep  :  the 
former  arise  in  the  subserous  areolar  tissue  of  the  surface,  and  the  latter  in  the 
deeper  tissues  of  the  heart.  They  follow  the  course  of  the  coronary  vessels :  those 
of  the  right  side  unite  into  a  trunk  at  the  root  of  the  aorta,  which,  ascending  across 
the  arch  of  that  vessel,  passes  backward  to  the  trachea,  upon  which  it  ascends, 
to  terminate  at  the  root  of  the  neck  in  the  right  lymphatic  duct.  Those  of  the 
left  side  unite  into  a  single  vessel  at  the  base  of  the  heart,  which,  passing  along 
the  pulmonary  artery  and  traversing  some  glands  at  the  root  of  the  aorta,  ascends 
on  the  trachea  to  terminate  in  the  thoracic  duct. 

The  thymic  Ijrmphatic  vessels  arise  from  the  under  surface  of  the  thymus  gland, 
and  terminate  on  each  side  in  the  internal  jugular  veins. 

The  thyroid  lymphatic  vessels  arise  from  either  lateral  lobe  of  this  organ :  they 
converge  to  form  a  short  trunk,  which  terminates  on  the  right  side  in  the  right 
lymphatic  duct,  on  the  left  side  in  the  thoracic  duct. 

The  lymphatic  vessels  of  the  oesophagus  form  a  plexus  round  that  tube,  traverse 
the  glands  in  the  posterior  mediastinum,  and,  after  communicating  with  the 
pulmonary  lymphatic  vessels  near  the  roots  of  the  lungs,  terminate  in  tne  thoracic 
duct. 


THE    NERVOUS    SYSTEM. 


THE  Nervous  System  is  composed — 1.  Of  a  series  of  large  centres  of  nerve-matter, 
called,  collectively,  the  cerebrospinal  centre  or  axis,  2.  Of  smaller  centres, 
termed  ganglia,  3.  Of  nerves^  connected  either  with  the  cerebro-spinal  axis  or 
the  ganglia.  And  4.  Of  certain  modifications  of  the  peripheral  terminations  of  the 
nerves,  forming  the  organs  of  the  external  senses. 

The  Oerebro-spinal  Centre  consists  of  two  parts,  the  spinal  cord  and  the 
encephalon ;  the  latter  may  be  subdivided  into  the  cerebrum,  the  cerebellum,  the 
pons  Varolii,  and  the  medulla  oblongata. 

THE  SPINAL  CORD  AND  ITS  MEBIBRANES. 

Dissection. —To  dissect  the  cord  and  its  membranes  it  will  be  necessary  to  lav  open  the 
whole  length  of  the  spinal  canal.  For  this  purpose  the  muscles  must  be  separated  from  the 
vertebral  grooves,  so  as  to  expose  the  spinous  processes  and  laminse  of  the  vertebrse ;  and  the 
latter  must  be  sawn  through  on  each  side,  close  to  the  roots  of  the  transverse  processes,  from 
the  third  or  fourth  cervical  vertebra  above  to  the  sacrum  below.  The  vertebral  arches  having 
been  displaced  by  means  of  a  chisel  and  the  separate  fragments  removed,  the  dura  mater  will  be 
exposed,  covered  by  a  plexus  of  veins  and  a  Quantity  of  loose  areolar  tissue,  oflen  infiltrated  with 
serouH  fluid.  The  arches  of  the  upper  vertebrae  are  best  divided  by  means  of  a  strong  pair  of 
cutting  bone-forceps. 

MEMBRANES  OF  THE  OOBD. 

The  membranes  which  envelop  the  spinal  cord  are  three  in  number.  The  most 
external  is  the  dura  mater^  a  strong  fibrous  membrane  which  forms  a  loose  sheath 
around  the  cord.  The  most  internal  is  the  pia  mater^  a  cell ulo- vascular  membrane 
which  closely  invests  the  entire  surface  of  the  cord.  Between  the  two  is  the 
arachnoid  membrane^  a  non-vascular  membrane  which  envelops  the  cord  and  is 
connected  to  the  pia  mater  by  slender  filaments  of  connective  tissue. 

The  Dura  Mater  of  the  cord,  continuous  with  that  which  invests  the  brain,  is 
a  loose  sheath  which  surrounds  the  cord,  and  is  separated  from  the  bony  walls  of 
the  spinal  canal  by  a  quantity  of  loose  areolar  tissue  and  a  plexus  of  veins.  It 
is  attached  to  the  circumference  of  the  foramen  magnum  and  to  the  posterior 
common  ligament,  especially  at  the  lower  end  of  the  spinal  canal,  by  fibrous 
slips,  and  extends  below  as  far  as  the  third  piece  of  the  sacrum ;  but  beyond  this 
point  it  is  impervious,  being  continued  in  the  form  of  a  slender  cord  to  the  back 
of  the  coccyx,  where  it  blends  with  the  periosteum.  This  sheath  is  much  larger 
than  is  necessary  for  its  contents,  and  its  size  is  greater  in  the  cervical  and  lumbar 
regions  than  in  the  dorsal.  Its  inner  surface  is  smooth.  On  each  side  may  be 
seen  the  double  openings  which  transmit  the  two  roots  of  the  corresponding  spinal 
nerve,  the  fibrous  layer  of  the  dura  mater  being  continued  in  the  form  of  a  tubular 
prolongation  on  them  as  they  pass  through  these  apertures.  These  prolongations 
of  the  dura  mater  are  short  in  the  upper  part  of  the  spine,  but  become  gradually 
longer  below,  forming  a  number  of  tubes  of  fibrous  membrane  which  enclose  the 
sacral  nerves  and  are  contained  in  the  spinal  canal. 

The  chief  peculiarities  of  the  dura  mater  of  the  cord,  as  compared  with  that 
investing  the  brain,  are  the  following : 

The  dura  mater  of  the  cord  is  not  adherent  to  the  bones  of  the  spinal  canal, 
which  have  an  independent  periosteum. 

It  does  not  send  partitions  into  the  fissures  of  the  cord,  as  in  the  brain. 
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Its  fibrous  lamitise  do  Dot  separate  to  form  venous  sinuses,  as  in  the  brain. 
Sb^nctnre. — The  dura  mater  consists  of  white  fibrous  and  elastic  tissue  arranged 
in  bands  or  lamellee,  which,  for  the  most  part,  are  par- 
allel with  one  another.  Its  internal  surface  is  covered 
by  a  layer  of  endothelial  cells  which  gives  this  surface 
its  smooth  appearance.  It  is  sparingly  supplied  with 
vessels,  and  some  few  nerves  have  been  traced  into  it. 

The  Arachnoid  is  exposed  by  slitting  up  the  dura 
mater  and  reflecting  that  membrane  to  either  side  {Fig. 
400).  It  is  a  thin,  delicate,  tubular  membrane  which 
invests  the  surface  of  the  cord,  and  Is  connected  to  the 
pia  mater  by  slender  filamenta  of  connective  tissue. 
Above,  it  is  continuous  with  the  cerebral  arachnoid; 
on  each  side  it  is  continued  on  ihe  various  nerves,  so 
as  to  form  a  sheath  for  them  aa  they  pass  outward  to 
the  intervertebral  foramina.  The  outer  surface  of  the 
arachnoid  is  in  contact  with  the  inner  surface  of  the 
dura  mater,  and  the  two  are,  here  and  there,  connected 
together  by  isolated  connective-tissue  trabeculie,  especi- 
ally on  the  posterior  surface  of  the  cord.  For  the 
most  part,  however,  the  membranes  are  not  connected 
together,  and  the  interval  between  them  is  named  the 
subdural  upace.  The  inner  surface  of  the  arachnoid  is 
separated  from  the  pia  mater  by  a  considerable  interval, 
'  which  is  called  the  eubarachnoidean  tpaire.      The  space 

It.  membSirJ."'-' *"'"""'"*'""*     's  the  largest  at  the  lower  part  of  the  spinal  canal,  and 
encloses  the    mass    of  nerves   which    form   the   cauda 
equina.     Superiorly  it  is   continuous  with   the   cranial  subarachnoid  space,  and 
communicates  with  the  general  ventricular  cavity  of  the  brain  by  means  of  an 
opening  in  the  pia  mater  at  the  inferior  boundary  of  the  fourth  ventricle  {for- 
amen of  Majendie).     It  contains  an  abundant  serous  secretion,  the  cerehro-gpijial 
fluid.     This  secretion  is  sufficient  in  amount  to 
expand  the  arachnoid  membrane,  so  as  to  com- 
m,         pletely  fill  up  the  whole  of  the  space  included  in 
the  dura  mater.     The  subarachnoidean  space  is 
occupied  by   ti-abeculie   of   delicate  connective 
tissue,  connecting  the  pia  mater  on  the  one  hand 
with   the   arachnoid   membrane   on    the   other. 
uTBu.      This  is  named  suharachnoid  tissue.     In  addition 
„  to  this  it  is  partially  subdivided  by  a  longitudinal 

1111 -T       ■■    '       iii>      f  th      membranous  partition,  which  serves  to  connect 
Bpini>ri'oni'anditiiint;>ubTa[ie>.  the  arachnoid  with  the  pia  mater,  opposite  the 

posterior  median  fissure.  This  partition  is  in- 
complete and  cribriform  in  structure,  consisting  of  bundles  of  white  fibrous  tissue 
interlacing  with  each  other.  This  space  is  to  be  regarded  as,  in  reality,  a  great 
lymph-space,  from  which  the  lymph  carried  to  it  by  the  perivascular  lymph- 
sbeiith    (see    page   87)    is  conveyed  back   into  the  circulation. 

StniGture, — The  arachnoid  is  a  delicate  membrane  made  up  of  closely  arranged 
inlL'i'lacing  bundles  of  connective  tissue  in  several  lavers. 

The  Pia  Mater  of  the  cord  is  exposed  on  the  removal  of  the  arachnoid  (Fij;.  400). 
It  covers  the  entire  surface  of  the  cord,  to  which  it  is  very  intimately  adherent, 
forming  its  neurilemma,  and  sending  a  process  downward  into  its  anterior  fissure. 
It  also  forms  a  sheath  for  each  of  the  filaments  of  the  spinal  nerves,  and  invests 
the  nerves  themselves.  A  longitudinal  fibrous  band  extends  along  the  middle 
line  on  its  anterior  surface,  called  by  Haller  the  linea  spUndeng ;  and  a  somewhat 
similar  band,  the  h'</ari>fnt)im  denticitlntuvi.  is  situated  on  each  side.  At  the 
point  where  the  cord  terminates  the  pia  mater  becomes  contracted,  and  is  cod- 
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tinued  down  as  a  long,  slender  filament  {filum  terminale),  which  descends  through 
the  centre  of  the  mass  of  nerves  forming  the  cauda  equina,  and  is  blended  with 
the  impervious  sheath  of  dura  mater  on  a  level  with  the  third  sacral  vertebra.  It 
assists  in  maintaining  the  cord  in  its  position  during  the  movements  of  the  trunk, 
and  is  from  this  circumstance  called  the  central  ligament  of  the  spinal  cord.  It 
contains  a  little  gray  nervous  substance,  which  may  be  traced  for  some  dis- 
tance into  its  upper  part,  and  is  accompanied  by  a  small  artery  and  vein. 
At  the  upper  part  of  the  cord  the  pia  mater  presents  a  grayish,  mottled  tint, 
which  is  owing  to  yellow  or  brown  pigment-cells  scattered  among  the  elastic 
fibres. 

Stmctnre. — The  pia  mater  of  the  cord  is  less  vascular  in  structure,  but  thicker 
and  denser,  than  the  pia  mater  of  the  brain,  with  which  it  is  continuous.  It 
consists  of  two  layers:  an  outer  composed  of  bundles  of  connective-tissue  fibres, 
arranged  for  the  most  part  longitudinally ;  and  an  inner,  consisting  of  stiff 
bundles  of  the  same  tissue,  which  present  peculiar  angular  bends,  and  is  covered 
on  both  surfaces  by  a  layer  of  endothelium.  Between  the  two  layers  are  a 
number  of  clefclike  lymphatic  spaces  which  communicate  with  the  subarachnoid 
cavity,  and  a  number  of  blood-vessels  which  are  enclosed  in  a  perivascular 
sheath,  derived  from  the  inner  layer  of  the  pia  mater,  into  which  the  lymphatic 
spaces  open.  It  is  also  supplied  with  nerves,  which  are  derived  from  the  sympa- 
thetic. 

The  Ligamentum  Denticulatiiin  (Fig.  400)  is  a  narrow  fibrous  band,  situated 
on  each  side  of  the  spinal  cord,  throughout  its  entire  length,  and  separating  the 
anterior  from  the  posterior  roots  of  the  spinal  nerves.  It  has  received  its  name 
from  the  serrated  appearance  which  it  presents.  Its  inner  border  is  continuous 
with  the  pia  mater  at  the  side  of  the  cord.  Its  outer  border  presents  a  series  of 
triangular,  dentated  serrations,  the  points  of  which  are  fixed  at  intervals  to  the 
dura  mater.  These  serrations  are  twenty-one  in  number  on  each  side,  the  first 
being  attached  to  the  dura  mater,  opposite  the  margin  of  the  foramen  magnum 
between  the  vertebral  artery  and  the  hypoglossal  nerve,  and  the  last  near  the 
lower  end  of  the  cord.  Its  use  is  to  support  the  cord  in  the  fluid  by  which  it  is 
surrounded. 

THE  SPINAL  COBD. 

The  Spinal  Cord  {medulla  spinalis)  is  the  cylindrical,  elongated  part  of  the 
cerebro-spinal  axis  which  is  contained  in  the  vertebral  canal.  Its  length  is 
usually  about  seventeen  or  eighteen  inches,  and  its  weight,  when  divested  of  its 
membranes  and  nerves,  about  one  ounce  and  a  half,  its  proportion  to  the  encepha- 
lon  being  about  1  to  33.  It  does  not  nearly  fill  the  canal  in  which  it  is  con- 
tained, its  investing  membranes  being  separated  from  the  surrounding  walls  by 
areolar  tissue  and  a  plexus  of  veins.  It  occupies,  in  the  adult,  the  upper  two- 
thirds  of  the  vertebral  canal,  extending  from  the  upper  border  of  the  atlas  to  the 
lower  border  of  the  body  of  the  first  lumbar  vertebra,  where  it  terminates  in  a 
slender  filament  of  gray  substance,  which  is  continued  for  some  distance  into  the 
filum  terminale.  In  the  foetus,  before  the  third  month,  it  extends  to  the  bottom  of 
the  sacral  canal,  but  after  this  period  it  gradually  recedes  from  below,  as  the 
growth  of  the  bones  composing  the  canal  is  more  rapid  in  proportion  than  that 
of  the  cord,  so  that  in  the  child  at  birth  the  cord  extends  as  far  as  the  third 
lumbar  vertebra.  Its  position  varies  also  according  to  the  degree  of  curvature 
of  the  spinal  column,  being  raised  somewhat  in  flexion  of  the  s})ine.  On  examin- 
ing its  surface  it  presents  a  difference  in  its  diameter  in  different  parts,  being 
marked  by  two  enlargements,  an  upper  or  cervical,  and  a  lower  or  lumbar.  The 
cervical  enlargement,  which  is  the  larger,  extends  from  about  the  third  cervical 
to  the  first  or  second  dorsal  vertebra :  its  greatest  diameter  is  in  the  transverse 
direction,  and  it  corresponds  with  the  origin  of  the  nerves  which  supply  the 
upper  extremities.  The  lower,  or  lumbar,  enlargement  is  situated  opposite  the 
last  two  or  three  dorsal  vertebrae,  its  greatest  diameter  being  from  before  back- 


698  THE  NERVOUS  SYSTEM. 

ward.     It  corresponds  with  the  origin  of  the  nerves   which  supply  the  lower 
extremities.     In  farm  the  spinal  cord  is  a  flattened  cylinder. 

Fissures. — It  presents  on  its  anterior  surface,  along  the  middle  line,  a  longi- 
tudinal fissure,  Xh&  anterior  median  fisiure^  a.uA  on  its  posterior  surface  another 
fissure,  which  also  extends  along  the  entire  length  of  the  cord,   the  posterior 
median  JUsure.    These  fissures  penetrate  through  the  greater  part  of  the  thickness 
of  the  cord,  and  incompletelv  divide  the  cord  into  two  symmetrical  halves,  united 
in  the  middle  line  by  a  transverse  band  of  nervous 
substance,  the  commi»sure. 
iin.  The  Anterior  Median  FlBsnre  is  wider,  but  of  less 

depth,  than  the  posterior,  extending  into  the  cord  for 
about  one-third  of  its  thickness,  and  is  deepest  at  the 
an.  lower  part  of  the  cord.  It  contains  a  prolongation 
from  the  pia  mater,  and  its  floor  is  formed  by  the 
anterior  white  commissure,  which  is  perforated  by 
numerous  blood-vessels  passing  to  the  centre  of  the 
cord. 

The  PoBterior  Median  Fisstire  is  not  an  actual  fis- 
sure, as  the  space  between  the  lateral  halves  of  the 
FiQ.   «2.-8|iiniii  cord,  siie     posterior   part  of  the  cord  is  crossed  by  connective 
coiumiJ!^'"  *"'  ^'"^  Basurea  and     jjggyg  ^^j  numcrous  blood-vessels,  80  that  no  actual 
hiatus  exists,  and  there  is  consequently  no  prolonga- 
tion of  the  pia  mater  into  it.     It  extends  into  the  cord  to  about  one  half  its 
depth,  and  its  floor  is  formed  by  the  posterior  gray  commisgure. 

Lateral  FiBsnres. — On  each  side  of  the  anterior  median  fissure  a  linear  series 
of  foramina  may  be  observed,  indicating  the  points  where  the  anterior  roots  of 
the  spinal  nerves  emerge  from  the  cord.  This  is  called,  bv  some  anatomists,  the 
antero-lateral.  fissure  of  the  cord,  although  no  actual  fissure  exists  in  this  situation. 
And  on  each  side  of  the  posterior  median  fissure,  along  the  line  of  attachment  of 
the  posterior  roots  of  the  nerves,  a  delicate  fissure  may  be  seen,  leading  down  to 
the  gray  matter  which  approaches  the  surface  in  this  situation  ;  this  is  called  the 
postero-lateral  fissure  of  the  spina!  cord.  On  the  posterior  surface  of  the  spinal 
cord,  between  the  posterior  median  fissure  and  the  postero- lateral  fissure  on  each 
side,  is  a  slight  longitudinal  furrow  marking  off  two  slender  tracts,  the  posterior 
median  columns.  These  are  most  distinct  in  the  cervical  region,  but  are  Stated 
by  Foville  to  exist  throughout  the  whole  length  of  the  cord. 

Oolamns  of  the  Cord. — 'Each  half  of  the  spinal  cord  is  thus  divided  into  four 
columns  :  an  anterior  column,  a  lateral  column,  a  posterior  column,  and  a  poste- 
rior median  column. 

The  anterior  column  includes  all  the  portion  of  the  cord  between  the  anterior 
median  fissure  and  the  line  from  which  the  anterior  roots  of  the  nerves  arise.  It 
is  continuous  with  the  pyramid  of  the  medulla  oblongata. 

The  lateral  column,  the  largest  segment  of  the  cord,  includes  all  the  portion 
between  the  line  of  origin  of  the  anterior  roots  of  the  spinal  nerves  and  the  pos- 
tero-lateral  fissure.  By  some  anatomists  the  anterior  and  lateral  columns  are 
included  together  under  the  name  of  the  antero-lateral  column,  which  forms  rather 
more  than  two-thirds  of  the  entire  circumference  of  the  cord. 

The  posterior  column  is  situated  between  the  posterior  median  and  postero- 
lateral fissures. 

The  posterior  median  column  is  that  narrow  segment  of  the  cord  which  is  seen 
on  each  side  of  the  posterior  median  fissure,  usually  included  with  the  preceding 
as  the  posterior  column. 

Structure  of  the  Cord. — If  a  transverse  section  of  the  spinal  cord  be  made,  it 
will  be  seen  to  consist  of  white  and  gray  nervous  substance.  The  while  matter  is 
situateil  externally,  and  constitutes  the  greater  part.  The  gray  substance  occupies 
the  centre,  and  Is  so  arranged  as  to  present  on  the  surface  of  the  section  two 
iiasses,  placed  one  in  each  lateral  half  of  the  cord,  united  together  by  a 
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transverse  band  of  gray  matter,  the  gray  commissure.  Each  crescentic  mass  has 
an  anterior  and  posterior  horn.  The  posterior  horn  is  long  and  narrow,  and 
approaches  the  surface  of  the  posterolateral  fissure,  near  which  it  presents  a  slight 
enlargement,  the  caput  comu :  from  this  it  tapers  to  form  the  apex  comu,  which  at 
the  surface  of  the  cord  becomes  continuous  with  the  fibres  of  the  posterior  roots  of 
the  spinal  nerves.  The  anterior  horn  is  short  and  thick,  and  does  not  quite  reach 
the  surface,  but  extends  toward  the  point  of  attachment  of  the  anterior  roots  of  the 
nerves.  Its  margin  presents  a  dentate  or  stellate  appearance.  Owing  to  the  pro- 
jections toward  the  surface  of  the  anterior  and  posterior  horns  of  the  gray  matter, 
each  half  of  the  cord  is  divided,  more  or  less  completely,  into  three  columns, 
anterior,  middle,  and  posterior,  the  anterior  and  middle  being  joined  to  form  the 
antero-lateral  column,  as  the  anterior  horn  does  not  quite  reach  the  surface. 


Opposite  middU  of  cervical  region. 


Opposite  vAdUe  of  dorsal  region. 


Opposite  lumbar  region. 
Fio.  40S.— Transverse  sections  of  the  cord. 


Fig.  404.— From  «  transverse  section  through 
the  spinal  cord  of  a  calf  Magnified  about  180 
diameters,  showing  part  of  the  central  canal  and 
the  tissue  immediately  around  it — viz.  the  cen- 
tral gray  nucleus.  (Klein  and  Noble  SmithJ 
The  canal  is  lined  with  epithelium,  composed  of 
ciliated,  more  or  less  conical,  cells  ;  in  most  in- 
stances a  filamentous  processjoasses  from  the  cell 
into  the  tissue  underneath.  This  tissue  contains, 
in  a  hyaline  matrix,  a  network  of  fibrils  :  most 
of  these  run  horizontally,  others  have  a  longitu- 
dinal course,  and  appear  therefore  here  cut  trans- 
versely—t.  e.  as  small  dots.  The  nuclei  corre- 
spond to  the  cells  of  the  neuroglia,  the  cell-sub- 
stance not  being  shown.  Both  the  nuclei  of  the 
neurogUa-cells  and  those  of  the  epithelium  con- 
tain three  or  more  large  disk-shaped  particles. 


The  commissure  of  the  spinal  cord  is  composed  of  white  and  gray  fibres,  hence 
called  the  white  and  gray  commissures.  The  white  commissure  is  formed  of  fibres, 
which  pass  horizontally  between  the  gray  matter  of  the  anterior  horn  of  one  side 
and  the  anterior  white  column  of  the  opposite  side. 

The  gray  commissure^  which  connects  the  two  crescentic  masses  of  gray  matter, 
is  separated  from  the  bottom  of  the  anterior  median  fissure  by  the  anterior  white 
commissure.  It  consists  of  transverse  fibres,  with  a  considerable  quantity  of 
neuroglia  between  them.  The  fibres  when  they  reach  the  lateral  crescents  diverge : 
some  pass  backward  to  the  posterior  roots ;  others  spread  out,  at  various  angles, 
into  the  cervix  cornu. 

Running  through  the  gray  commissure  of  the  whole  length  of  the  cord  is  a 
minute  canal,  which  is  barely  visible  to  the  naked  eye  in  the  human  cord,  but  is 
proportionally  larger  in  some  of  the  lower  vertebrata.  It  is  called  the  cevtral 
canals  and  opens  above  into  the  fourth  ventricle,  and  terminates  below  in  a  some- 
what dilated  extremity.  It  is  lined  in  the  foetus  by  columnar  ciliated  epithelium, 
but  in  the  adult  the  cilia  have  disappeared,  and  the  canal  is  filled  with  their 
remains.  The  cells  are  supported  on  a  layer  of  neuroglia,  which  is  sometimes 
called  the  substantia  gelatinosa  centralis. 

The  mode  of  arrangement  of  the  gray  matter,  and  its  amount  in  proportion  to 
the  white,  vary  in  difierent  parts  of  the  cord.  Thus,  the  posterior  horns  are  long 
and  narrow  in  the  cervical  region ;  short  and  narrower  in  the  dorsal ;  short,  but 
wider,  in  the  lumbar  region.  In  the  cervical  region  the  crescentic  portions  are 
small,  and  the  white  matter  more  abundant  than  in  any  other  region  of  the  cord. 
In  the  dorsal  region  the  gray  matter  is  least  developed,  the  white  matter  being 
also  small  in  quantity.  In  the  lumbar  region  the  gray  matter  is  more  abundant 
than  in  any  other  region  of  the  cord.  Toward  the  lower  end  of  the  cord  the  white 
matter  gradually  ceases.  The  crescentic  portions  of  the  gray  matter  soon  blend  into 
a  single  mass,  which  forms  the  only  constituent  of  the  extreme  point  of  the  cord. 
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liinate  Anatomy  of  the  Oord. — The  cord  consists  of  an  outer  part,  comr  < 
of  meduUated  nerve-fibres,  which  is  the  white  substance  ;  and  of  a  central  pan- 
gray  matter^  both  supported  in  a  peculiar  kind  of  connective  tissue,  called  mrur  . 

The  neuroglia  consists  of  a  homogeneous  transparent  matrix,  of  a  net^<  :k : 
very  delicate  fibrillae,  and  of  small  stellate  or  branched  cells,  the  neuroglm-  . 

In  addition  to  forming  a  ground  substance,  in  which  the  nerve-fibres,  Dc:-- 
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Fio.  405.— Transyerse  section  through  the  cervical  portion  of  the  spinal  cord  of  the  calf.    JiUgiii' -^  ^ 
diameters.    (Klein  and  Noble  Smith.) 

cells,  and  blood-vessels  are  imbedded,  a  considerable  accumulation  of  neur«tj;- 
takes  place  in  three  situations — (1)  on  the  surface  of  the  cord,  beneath  the  ;:• 
mater ;  (2)  around  the  central  canal ;  and  (3)  in  the  posterior  part  of  the  positn 
horn,  forming  the  substantia  cinerea  gelatinosa. 

The  white  substance  of  the  cord  consists  of  medullated  nerve-fibres,  «rL 
blood-vessels  and  neuroglia.  On  transverse  section  of  the  white  substance  of  :> 
cord  a  very  striking  object  is  presented.  It  is  seen  to  be  studded  all  over  wi-^ 
minute  dots,  surrounded  by  a  white  area,  and  this  again  by  a  dark  circle  (Fig.  4<' " 
This  is  due  to  the  longitudinal  medullated  fibres  seen  on  section.  The  dot  i?  il- 
axis-cylinder,  the  white  area  the  substance  of  Schwann,  and  the  dark  circle  :^ 
tubular  membrane  of  the  fibres,  which  seems  to  consist  of  several  lamin^*^ 
Externally,  the  neuroglia  is  seen  to  form  a  delicate  connective  sheath  round  t.W 
outer  surface  of  the  cord  immediately  beneath  the  pia  mater,  from  which  numen-c? 
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septa  pass  in  to  separate  the  respective  bundles  of  fibres  and  extend  between  the 
individual  nerve-fibres,  acting  as  a  supporting  medium  in  wbicb  they  are  imbedded. 
Thus  it  will  be  seen  that  the  greater  bulk  of  the  white  matter  of  the  cord  is  made 
up  of  longitudinal  medullated  fibres,  which  are  arranged  in  groups  forming  the 
anterior,  lateral,  and  posterior  columns. 

There  are,  however,  also  oblique  and  transverse  fibres  in  the  white  substance. 
These  are  principally  found  (1)  at  the  bottom  of  the  anterior  median  fissure,  forming 
the  white  commissure,  the  fibres  passing  from  the  gray  matter  of  the  anterior 
horn  on  one  side  to  the  white  matter  of  the  anterior  column  of  the  opposite  side; 
(2)  horizontal  or  oblique  fibres  passing  from  the  roots  of  the  nerves  into  the  gray 
matter ;  and  (3)  fibres  leaving  the  gray  matter,  and  pursuing  a  longer  or  shorter 


horizontal  course  between  the  bundles  of  longitudinal  fibres,  with  which  many  of 
them  are  continuous. 

The  investigation  of  pathological  lesions  has  shown  that  the  white  matter  of 
the  cord  consists  of  certain  columns  or  tracts  of  fibres,  for  it  has  been  found  that 
separate  lesions  are  strictly  limited  to  certain  well -determined  parts  of  the  organ 
without  involving  neighboring  regions.  That  these  parts  or  fasciculi  correspond 
to  80  many  distinct  anatomical  systems,  each  endowed  with  special  functions, 
seems  abundantly  proved  by  the  researches  of  Flechsig  and  others  on  the  develop- 
ment of  the  cord  during  the  later  periods  of  utero-gestation  and  in  the  newly-born 
infant.  Thus,  on  either  side  of  the  anterior  median  fissure  a  portion  of  the  anterior 
column  is  divided  ofl'  as  the  Direct  j7i/ramidal fasciculus {iasc']cu]»s  of  Tiirck),  which 
can  be  traced  to  be  continuous  with  the  non-decussating  fibres  of  the  pyramid  of 
the  medulla.  The  remainder  of  the  anterior  column  of  the  cord  forms  the 
fundamental  fasciculus,  which  is  continued  into  the  deeper  part  of  the  medulla. 
The  lateral  column  of  the  cord  is  divided  into  four  tracts,  the  anterior  division  of 
which  is  called  the  anterior  radicular  zone,  the  peripheral  portion  of  the  posterior 
part  the  cerebellar  column,  and  the  internal  part,  next  the  gray  substance,  is 
termed  the  mixed  lateral  column ;  whilst  an  intermediate  portion,  between  these 
last  two,  is  the  cro»»ed  pyramidal  fa»siculm,  its  fibres  when  traced  upward  forming 
the  decussating  portion  of  the  pyramid  of  the  medulla  oblongata.  The  other  three 
portions  of  the  lateral  column  can  be  traced  into  the  lateral  tract  of  the  medulla, 
the  peripheral  fibres,  or  those  forming  the  cerebellar  column,  passing  through  it 
to  the  cerebellum. 

The  posterior  column  of  the  cord  is  divided  into  two:  the  portion  which  lies 
next  the  posterior  median  fissure  is  called  the  column  of  (7o// (posterior  median). 
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and  if  traced  upward  is  fouod  to  be  continuous  with  the  fasciculus  gracilis  of  the 
medulla.  The  remainder  of  the  posterior  column  is  called  the  cuneate  fatdeulus, 
or  Burdock's  column  (posterior  external),  and  is  prolonged  into  the  medulla  under 
the  same  name. 

The  gray  substance  of  the  cord  occupies  its  central  part  in  the  shape  of  two 
crescentic  horns,  joined  together  by  a  commissure.  Each  of  these  crescents  has 
an  anterior  and  posterior  cornu. 

The  posterior  horn  consists  of  two  parts — the  caput  eomvs,  or  expanded 
extremity  of  the  horn  (Fig.  408),  round  which  is  a  lighter  space  or  lamina  of 


Ilbres"i8  shown  witliout  the  cells.    Mai^lflcd  13  diemstere. 

gelatinous  substance ;  and  the  cervix  cornua,  or  narrower  portion,  which  connects 
it  with  the  rest  of  the  gray  substance. 

The  gelatinous  substance  is  a  peculiar  accumulation  of  neuroglia  (Klein),  and 
has  been  named  by  Rolando  the  substantia  cinerea  ge/atinosa. 

The  anterior  horn  of  the  f/rat/  substance  in  the  cervical  and  lumbar  swellings, 
where  it  gives  origin  to  the  nerves  of  the  extremities,  is  much  larger  than  in  any 
other  region,  and  contains  several  distinct  groups  of  large  and  variously  shaped 
cells. 

In  addition  to  this,  in  certain  parts  of  the  cord  other  horns  or  projections  of 
the  gray  matter  may  be  seen  >m  transverse  section.  One  of  these,  the  lateral 
horn,  is  found  projecting  outward  from  the  lateral  region  of  the  gray  matter  on  a 
level  with  the  gray  commissure  in  the  cervical  and  upper  part  of  the  dorsal  region 
of  tlie  cord;  and  a  second,  Clarke's  vesicular  column,  is  found  on  the  inner 
side  of  the  posterior  horn  near  the  gray  commissure,  in  the  upper  cervical  or 
dorsal  regions  or  at  the  point  of  exit  of  the  lower  lumbar  nerves. 

The  gray  commissure  is  situated  behind  the  white  commissure,  which  sep- 
arates it  from  the  bottom  of  the  anterior  median  fissure. 

The  gray  substance  of  the  cord  consists  of — (1)  nerve-fibres  of  variable  but 
smaller  average  diameter  than  those  of  the  columns ;  (2)  nerve-cells  of  various 
shapes  and  sizes,  with  from  two  to  eight  processes;  (3)  blood-vessels  and  connec- 
tive tissue. 
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The  ne.rre-fihrei  of  the  gray  matter  of  the  posterior  horn  are  for  the  taost  part 
composed  of  a  minute  and  dense  network  of  minute  fibrils,  which  is  termed 
"  Gcrlach's  nerve-network,"  intermingled  with  nerves  of  a  larger  size.  This  net- 
work is  continuous  with  the  meduUated  fibres  of  the  posterior  nerve-roots  on  the 
one  hand  (Dieters),  and  with  the  branched  processes  of  the  ganglion-cells  on  the 
other  (Gerlach),  so  that  the  ganglion-cells  are  connected  with  the  medullated 
fibres  of  the  posterior  nerve-roots  only  indirectly  through  the  nerve-network. 
The  arrangement  of  the  fibres  in  the  anterior  horn  of  the  gray  matter  appears  to 
be  somewhat  different ;  here  the  medullated  fibres  of  the  anterior  nerve-roots  are 

directly  continuous  with  some  of  the  processes 
fl«f(«riar  Rtnt».  of  the   ganglion-cclls,    others  of  the  processes 

of  the  ganglion-cells  communicating  with  Ger- 

lach's  nerve-network. 
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of  their 

e  cellii— neumgUa-cellB. 

The  nerve-cellH  of  the  gray  matter  are  of  two  kinds,  large  branched 
nerve- vesicles  which  are  collected  into  groups,  and  small  round  cells  which 
resemble  fiee  nuclei  and  are  found  scattered  throughout  the  whole  of  the  gray 
matter. 

In  the  anterior  horn  is  a  constant  group,  situated  at  the  anterior  part  of  the 
eomu,  and  sometimes  termed  the  vesicular  column  of  the  anterior  cornu.  It  con- 
sists of  two  groups  of  cells:  one  mesial,  near  the  anterior  column;  the  other 
lateral,  near  the  lateral  column.  At  the  base  of  the  posterior  horn  on  its 
inner  side,  and  joining  the  gray  commissure,  is  a  group  of  nerve-cells,  which 
give  rise  to  the  projection  mentioned  above  as  being  seen  on  transverse  section 
in  the  upper  part  of  the  cord,  which  is  called  Clarke's  posterior  vesicular 
column. 

At  the  junction  of  the  anterior  and  posterior  cornu,  in  the  outer  portion  of 
ibe  gray  matter,  is  a  third  group  of  cells,  the  traetu»  intermedio-lateralii.  In  cer- 
tain regions  of  the  cord  these  cells  extend  in  amongst  the  fibres  of  the  white 
matter  of  the  lateral  column,  and  give  rise  to  the  lateral  horn.  In  addition  to 
these  groups  a  few  large  scattered  cells  are  found  in  the  posterior  horn,  extending 
into  the  substantia  cinerea  gelatinosa. 
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THE  BRAIN  AND  ITS  HEHIBRANES. 

Dissection. — ^To  examine  the  brain  with  its  membranes  the  skull-cap  must  be  removed.  In 
order  to  effect  this,  saw  through  the  external  table,  the  section  commencing,  in  front,  about  an 
inch  above  the  margin  of  the  orbit,  and  extendinjf.  behind,  to  a  level  with  the  occipital  protu- 
berance. Then  break  the  internal  table  with  the  chisel  and  hammer,  to  avoid  injuring  the  invest- 
in>r  membranes  or  brain  ;  loosen  and  forcibly  detiich  the  skull-cap,  when  the  dura  mater  will  be 
exposed.  The  adhesion  between  the  bone  and  the  dura  mater  is  very  intimate,  and  much  more 
so  in  the  young  subject  than  in  the  adult 

MEMBRANES  OF  THE  BRAIN. 

The  membranes  of  the  brain  are  the  dura  mater,  arachnoid  membrane,  and 
pia  mater. 

The  Dura  Mater. 

The  Dura  Mater  is  a  thick  and  dense  inelastic  fibrous  membrane  which  lines 
the  interior  of  the  skull.  Its  outer  surface  is  rough  and  fibrillated,  and  adheres 
closely  to  the  inner  surface  of  the  bones,  foiming  their  internal  periosteum,  this 
adhesion  being  most  marked  opposite  the  sutures  and  at  the  base  of  the  skull.  Its 
inner  surface  is  smooth  and  lined  bv  a  layer  of  endothelial  cells.  It  sends  three 
processes  inward,  into  the  cavity  of  the  skull,  for  the  support  and  protection  of 
the  different  parts  of  the  brain,  and  is  prolonged  to  the  outer  surface  of  the  skull 
through  the  various  foramina  which  exist  at  the  base,  and  thus  becomes  continuous 
with  the  pericranium ;  its  fibrous  layer  forms  sheaths  for  the  nerves  which  pass 
through  these  apertures.  At  the  base  of  the  skull  it  sends  a  fibrous  prolongation 
into  the  foramen  caecum ;  it  sends  a  series  of  tubular  prolongations  round  the 
filaments  of  the  olfactory  nerves  as  they  pass  through  the  cribriform  plate,  and 
also  round  the  nasal  nerve  as  it  passes  through  the  nasal  slit ;  a  prolongation  is 
also  continued  through  the  sphenoidal  fissure  into  the  orbit,  and  another  is  con- 
tinued into  the  same  cavity  through  the  optic  foramen,  forming  a  sheath  for  the 
optic  nerve,  which  is  continued  as  far  as  the  eyeball.  In  the  posterior  fossa  it 
sends  a  process  down  the  internal  auditory  meatus,  ensheathing  the  facial  and 
auditory  nerves ;  another  through  the  jugular  foramen,  forming  a  sheath  for  the 
structures  which  pass  through  this  opening ;  and  a  third  through  the  anterior 
condyloid  foramen.  Around  the  margin  of  the  foramen  magnum  it  is  closely 
adhereiit  to  the  bone,  and  is  continuous  with  the  dura  mater  lining  the  spinal 
canal.  In  certain  situations,  as  already  mentioned  (page  652),  the  fibrous  layers 
of  this  membrane  separate,  to  form  sinuses  for  the  passage  of  venous  blood. 
Upon  the  outer  surface  of  the  dura  mater,  in  the  situation  of  the  longitudinal 
sinus,  may  be  seen  numerous  small   whitish  bodies,  the  glandulce  PacchionL 

Structure. — The  dura  mater  consists  of  white  fibrous  and  elastic  tissues 
arranged  in  flattened  laminae,  which  are  divisible  into  two  layers,  the  fibres  of  the 
two  layers  intersecting  each  other  obliquely.  A  layer  of  nucleated  endothelial 
cells,  similar  to  those  found  on  serous  membranes,  lines  its  inner  surface ;  these 
were  formerly  regarded  as  belonging  to  the  arachnoid  membrane. 

Its  arteries  are  very  numerous,  but  are  chiefly  distributed  to  the  bones.  Those 
found  in  the  anterior  fossa  are  the  anterior  meningeal  branches  of  the  anterior  and 
posterior  ethmoidal  and  internal  carotid,  and  a  branch  from  the  middle  meningeal. 
In  the  middle  fossa  are  the  middle  and  small  meningeal  branches  of  the  internal 
maxillary,  a  branch  from  the  ascending  pharyngeal,  which  enters  the  skull  through 
the  foramen  lacerum  medium  basis  cranii,  branches  from  the  internal  carotid,  and 
a  recurrent  branch  from  the  lachrymal.  In  the  posterior  fossa  are  meningeal 
branches  from  the  occipital,  one  of  which  enters  the  skull  through  the  jugular 
foramen,  and  the  other  through  the  mastoid  foramen;  the  posterior  meningeal, 
from  the  vertebral ;  occasionally  meningeal  branches  from  the  ascending  pharyngeal, 
which  enter  the  skull,  one  at  the  jugular  foramen,  the  other  at  the  anterior 
condyloid  foramen,  and  a  branch  from  the  middle  meningeal. 

The  veins^  which  return  the  blood  from  the  dura  mater,  and  partly  from  the 
bones,  anastomose  with  the  diploic  veins.     These  vessels  terminate  in  the  various 
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sinuses,  with  the  exception  of  two  which  accompany  the  middle  meningeal  artery, 
and  pass  out  of  the  skull  at  the  foramen  spinosum  to  join  the  internal  maxillary 
vein. 

The  nerves  of  the  dura  mater  are,  the  recurrent  branch  of  the  fourth  and 
filaments  from  the  Gasserian  ganglion,  from  the  ophthalmic  and  hypoglossal  nerves, 
and  from  the  sympathetic. 

The  so-called  glandulae  Pacchioni  are  numerous  small  whitish  granulations, 
usually  collected  into  clusters  of  variable  size,  which  are  found  in  the  following 
situations :  I.  Upon  the  outer  surface  of  the  dura  mater,  in  the  vicinity  of  the 
superior  longitudinal  sinus,  being  received  into  little  depressions  on  the  inner 
surface  of  the  calvarium.  2.  On  the  inner  surface  of  the  dura  mater.  3.  In  the 
superior  longitudinal  sinus.  4.  On  the  pia  mater,  near  the  margin  of  the 
hemispheres. 

These  bodies  are  not  glandular  in  structure,  but  simply  enlarged  normal  villi 
of  the  arachnoid.  In  their  growth  they  perforate  the  dura  mater,  and  are  thus 
found  on  its  outer  surface,  and  when  of  large  size  they  cause  absorption  of  the 
bone,  and  come  to  be  lodged  in  pits  or  depressions  on  the  inner  table  of  the  skull. 
The  manner  in  which  they  perforate  the  dura  mater  is  as  follows :  At  an  early 
period  of  their  growth  they  project  through  minute  holes  in  the  inner  layer  of  the 
dura  mater,  which  open  into  large  venous  spaces  situated  in  the  tissues  of  the 
membrane  on  either  side  of  the  longitudinal  sinus  and  communicating  with  it. 
In  their  onward  growth  the  villi  push  the  outer  layer  of  the  dura  mater  before 
them,  and  this  forms  over  them  a  delicate  membranous  sheath.  In  structure  they 
consist  of  trabeculae  of  connective  tissue  covered  over  by  a  layer  of  endothelium. 
The  spongy  tissue  of  which  they  are  composed  is  continuous  with  the  trabecular 
tissue  of  the  subarachnoid  space. 

These  bodies  are  not  found  in  infancy,  and  very  rarely  until  the  third  year. 
They  are  usually  found  after  the  seventh  year,  and  from  this  period  they  increase 
in  number  as  age  advances.     Occasionally  they  are  wanting. 

Processes  of  the  Dnra  Mater. — The  processes  of  the  dura  mater,  sent  inward 
into  the  cavity  of  the  skull,  are  three  in  number :  the  falx  cerebri,  the  tentorium 
cerebelli,  and  the  falx  cerebelli. 

The/a&  cerebri^  so  named  from  its  sickle-like  form,  is  a  strong  arched  process 
of  the  dura  mater,  which  descends  vertically  in  the  longitudinal  fissure  between 
the  two  hemispheres  of  the  brain.  It  is  narrow  in  front,  where  it  is  attached  to 
the  crista  galli  of  the  ethmoid  bone,  and  broad  behind,  where  it  is  connected  with 
the  upper  surface  of  the  tentorium.  Its  upper  margin  is  convex,  and  attached  to 
the  inner  surface  of  the  skull  as  far  back  as  the  internal  occipital  protuberance. 
In  this  situation  it  is  broad,  and  contains  the  superior  longitudinal  sinus.  Its 
lower  margin  is  free,  concave,  and  presents  a  sharp  curved  edge,  which  contains 
the  inferior  longitudinal  sinus. 

The  tentorium  cerebelli  is  an  arched  lamina  of  dura  mater,  elevated  in  the 
middle  and  inclining  downward  toward  the  circumference.  It  covers  the  upper 
surface  of  the  cerebellum,  and  supports  the  occipital  lobes  of  the  brain,  and 
prevents  them  pressing  upon  the  cerebellum.  It  is  attached,  behind,  by  its  convex 
border  to  the  transverse  ridges  upon  the  inner  surface  of  the  occipital  bone,  and 
there  encloses  the  lateral  sinuses ;  in  front,  to  the  superior  margin  of  the  petrous 
portion  of  the  temporal  bone,  enclosing  the  superior  petrosal  sinuses ;  and  at  the 
apex  of  this  bone  the  free  or  internal  border  and  the  attached  or  external  border 
meet,  and,  forming  two  processes,  cross  one  another  and  are  continued  forward,  to 
be  attached  to  the  anterior  and  posterior  clinoid  processes  respectively.  Along  the 
middle  line  of  its  upper  surface  the  posterior  border  of  the  falx  cerebri  is  attached, 
the  straight  sinus  being  placed  at  their  point  of  junction.  Its  anterior  border  is 
free  and  concave,  and  presents  a  large  oval  opening  for  the  transmission  of  the 
crura  cerebri. 

The  falx  cerebelli  is  a  small  triangular  process  of  dura  mater  received  into  the 
indentation  between  the  two  lateral  lobes  of  the  cerebellum  behind.     Its  base  is 

45 


706  THE  NERVOUS  SYSTEM. 

attached,  above,  to  the  under  and  back  part  of  the  tentorium ;  its  posterior  margin, 
to  the  lower  division  of  the  vertical  crest  on  the  inner  surface  of  the  occipital  bone. 
As  it  descends  it  sometimes  divides  into  two  smaller  folds,  which  are  lost  on  the 
sides  of  the  foramen  magnum. 

The  Arachnoid  Membrane. 

The  arachnoid  {dpd^nTj  6?<Joc,  like  a  spider*s  web),  so  named  from  its  extreme 
thinness,  is  a  delicate  membrane  which  envelops  the  brain,  lying  between  the  pia 
mater  internally  and  the  dura  mater  externally ;  from  this  latter  membrane  it  is 
separated  by  a  space,  the  subdural  space. 

It  invests  the  brain  loosely,  being  separated  from  direct  contact  with  the 
cerebral  substance  by  the  pia  mater,  and  a  quantity  of  loose  areolar  tissue,  the 
suharachnoidean.  On  the  upper  surface  of  the  cerebrum  the  arachnoid  is  thin  and 
transparent,  and  may  be  easily  demonstrated  by  injecting  a  stream  of  air  beneath 
it  by  means  of  a  blowpipe ;  it  passes  over  the  convolutions  without  dipping  down 
into  the  sulci  between  them.  At  the  base  of  the  brain  the  arachnoid  is  thicker, 
and  slightly  opaque  toward  the  central  part;  it  covers  the  anterior  lobes,  and 
extends  across  between  the  two  temporo-sphenoidal  lobes,  so  as  to  leave  a  consid- 
erable interval  between  it  and  the  brain,  the  anterior  subarachnoidean  space;  it 
is  in  contact  with  the  pons  and  under  surface  of  the  cerebellum,  but  between  the 
hemispheres  of  the  cerebellum  and  the  medulla  oblongata  another  considerable 
interval  is  left  between  it  and  the  brain,  called  the  posterior  subarachnoidean  space. 
These  two  spaces  communicate  together  across  the  crura  cerebelli.  The  arachnoid 
membrane  surrounds  the  nerves  which  arise  from  the  brain,  and  encloses  them  in 
loose  sheaths  as  far  as  their  point  of  exit  from  the  skull. 

The  subarachnoid  space  is  the  interval  between  the  arachnoid  and  pia  mater : 
this  space  is  narrow  on  the  surface  of  the  hemispheres,  but  at  the  base  of  the 
brain  a  wide  interval  is  left  between  the  two  temporo-sphenoidal  lobes,  and,  behind, 
between  the  hemispheres  of  the  cerebellum  and  the  medulla  oblongata.  This 
space  is  the  seat  of  an  abundant  serous  secretion,  the  cerebrospinal  fiuid^  which 
fills  up  the  interval  between  the  arachnoid  and  pia  mater.  The  subarachnoid 
space  usually  communicates  with  the  general  ventricular  cavity  of  the  brain  by 
means  of  an  opening  in  the  inferior  boundary  of  the  fourth  ventricle. 

The  subdural  space  also  contains  fluid ;  this  is,  however,  small  in  quantity 
compared  with  the  cerebro-spinal  fluid. 

Structure. — The  arachnoid  consists  of  bundles  of  white  fibrous  and  elastic 
tissue  intimately  blended  together.  Its  outer  surface  is  covered  with  a  layer  of 
endothelium.  From  its  inner  surface  are  given  off*  a  number  of  bundles  of  fine 
connective  tissue,  which  form  a  sponge-like  trabecular  network  in  the  subarachnoid 
space,  in  the  interstices  of  which  the  cerebro-spinal  fluid  is  contained.  Vessels  of 
considerable  size,  but  few  in  number,  and,  according  to  Bochdalek,  a  rich  plexus  of 
nerves  derived  from  the  motor  division  of  the  fifth,  the  facial,  and  the  spinal 
accessory  nerves,  are  found  in  the  arachnoid. 

The  cerebrospinal  fluid  fills  up  the  subarachnoid  space.  It  is  a  clear,  limpid 
fluid,  having  a  saltish  taste  and  a  slightly  alkaline  reaction.  According  to 
Lassaigne,  it  consists  of  98.5  parts  of  water,  the  remaining  1.5  per  cent,  being 
solid  matters,  animal  and  saline.  It  varies  in  quantity,  being  most  abundant 
in  old  persons,  and  is  quickly  reproduced.  Its  chief  use  is  probably  to  afford 
mechanical  protection  to  the  nervous  centres  and  to  prevent  the  effects  of  concus- 
sions communicated  from  without. 

The  Pia  Mater. 

The  pia  mater  is  a  vascular  membrane,  and  derives  its  blood  from  the  internal 
carotid  and  vertebral  arteries.  It  consists  of  a  minute  plexus  of  blood-vessels, 
held  together  by  an  extremely  fine  areolar  tissue.  It  invests  the  entire  surface  of 
the  brain,  dipping  down  between  the  convolutions  and  laminae,  and  is  prolonged 
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into  the  interior,  forming  the  velum  interpositum  and  choroid  plexuses  of  the 
fourth  ventricle.  Upon  the  surfaces  of  the  hemispheres,  where  it  covers  the  gray 
matter  of  the  convolutions,  it  is  very  vascular,  and  gives  off  from  its  inner  surface 
a  multitude  of  minute  vessels,  which  extend  perpendicularly  for  some  distance  into 
the  cerebral  substance.  At  the  base  of  the  brain,  in  the  situation  of  the  anterior 
and  posterior  perforated  spaces,  a  number  of  long  straight  vessels  are  given  off, 
which  pass  through  the  white  matter  to  reach  the  gray  substance  in  the  interior. 
On  the  cerebellum  the  membrane  is  more  delicate,  and  the  vessels  from  its  inner 
surface  are  shorter.  Upon  the  crura  cerebri  and  pons  Varolii  its  characters  are 
altogether  changed ;  it  here  presents  a  dense  fibrous  structure,  marked  only  by 
slight  traces  of  vascularity. 

According  to  Fohmann  and  Arnold,  this  membrane  contains  numerous 
lymphatic  vessels.  Its  nerves  are  derived  from  the  sympathetic,  and  also  from 
the  third,  fifth,  sixth,  facial,  glosso-pharyngeal,  pneumogastric,  and  spinal  acces- 
sory.    They  accompany  the  branches  of  the  arteries. 

THE  DIVISIONS  OF  THE  BRAIN. 

The  brain  (encephalon)  is  that  portion  of  the  cerebro-spinal  axis  which  is  con- 
tained in  the  cranial  cavity.  It  is  divided  into  four  principal  parts — viz.  the 
cerebrum,  the  cerebellum,  the  pons  Varolii,  and  the  medulla  oblongata. 

The  cerebrum  forms  the  largest  portion  of  the  encephalon,  and  occupies  a 
considerable  part  of  the  cavity  of  the  cranium,  resting  in  the  anterior  and  middle 
fossae  of  the  base  of  the  skull,  and  separated  posteriorly  from  the  cerebellum  by 
the  tentorium  cerebelli.  About  the  middle  of  its  under  surface  is  a  narrow 
constricted  portion,  part  of  which,  the  crura  cerebri,  is  continued  onward  into  the 
pons  Varolii  below,  and  through  it  to  the  medulla  oblongata  and  spinal  cord ; 
whilst  another  portion,  the  crura  cerebelli^  passes  down  into  the  cerebellum. 

The  cerebellum  (little-brain  or  after-brain)  is  situated  in  the  inferior  occipital 
fossae,  being  separated  from  the  under  surface  of  the  occipital  lobes  of  the  cerebrum 
bv  the  tentorium  cerebelli.  It  is  connected  to  the  rest  of  the  encephalon  bv  means 
of  connecting  bands,  called  crura :  of  these,  two  ascend  to  the  cerebrum,  two 
descend  to  the  medulla  oblongata,  and  two  blend  together  in  front,  forming  the 
pons  Varolii. 

The  pons  Varolii  is  that  portion  of  the  encephalon  which  rests  upon  the  upper 
part  of  the  basilar  process  of  the  occipital  bone  and  body  of  the  sphenoid  bone. 
It  constitutes  the  bond  of  union  of  the  various  segments  above  named,  receiving, 
above,  the  crura  from  the  cerebrum ;  at  the  sides,  the  crura  from  the  cerebellum ; 
and  below,  the  medulla  oblongata. 

The  mednUa  oblongata  extends  from  the  lower  border  of  the  pons  Varolii  to 
the  upper  part  of  the  spinal  cord.  It  lies  beneath  the  cerebellum,  resting  on  the 
lower  part  of  the  basilar  groove  of  the  occipital  bone. 

Weight  of  the  Encephalon. — The  average  weight  of  the  brain  in  the  adult  male 
is  49 J  oz.,  or  a  little  more  than  3  lbs.  avoirdupois ;  that  of  the  female  44  oz. ;  the 
average  difference  between  the  two  being  from  5  to  6  oz.  The  prevailing  weight 
of  the  brain  in  the  male  ranges  between  46  oz.  and  53  oz.,  and  in  the  female 
between  41  oz.  and  47  oz.  In  the  male  the  maximum  weight  out  of  278  cases  was 
65  oz.,  and  the  minimum  weight  34  oz.  The  maximum  weight  of  the  adult  female 
brain,  out  of  191  cases,  was  56  oz.,  and  the  minimum  weight  31  oz.  According  to 
Luschka,  the  average  weight  of  a  man*s  brain  is  1424  grammes  (about  45  oz.), 
of  a  woman's  1272  grammes  (about  41  oz.),  and,  according  to  Krause,  1570 
grammes  (about  48|  oz.)  for  the  male,  and  1350  (about  43  oz.)for  the  female.  It 
appears  that  the  weight  of  the  brain  increases  rapidly  up  to  the  seventh  year,  more 
slowly  to  between  sixteen  and  twenty,  and  still  more  slowly  to  between  thirty  and 
forty,  when  it  reaches  its  maximum.  Beyond  this  period,  as  age  advances  and  the 
mental  faculties  decline,  the  brain  diminishes  slowly  in  weight,  about  an  ounce 
for  each  subsequent  decennial  period.     These  results  apply  alike  to  both  sexes. 

The  size  of  the  brain  was  formerly  said  to  bear  a  general  relation  to  the  intel- 
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lectual  capacity  of  the  individual.  Guvier's  brain  weighed  rather  more  than  64  oz., 
that  of  the  late  Dr.  Abercrombie  63  oz.,  and  that  of  Dupuytren  62J  oz.  On  the 
other  hand,  the  brain  of  an  idiot  seldom  weighs  more  than  23  oz.  But  these  facts 
are  by  no  means  conclusive,  and  it  is  well  known  that  these  weights  have  been 
equalled  by  the  brains  of  persons  who  never  displayed  any  remarkable  intellect. 
Dr.  Haldennan  of  Cincinnati  has  recorded  the  case  of  a  mulatto,  aged  forty-five, 
whose  brain  weighed  68f  oz. ;  he  had  been  a  slave,  and  was  never  regarded  as 
particularly  intelligent ;  he  was  illiterate,  but  is  said  to  have  been  reserved,  medi- 
tative, and  economical.  Dr.  Ensor,  district  medical  ofiicer  at  Port  Elizabeth, 
reports  that  the  brain  of  Carey,  the  Irish  informer,  weighed  61  oz.  M.  Nikiforoff 
has  published  an  article  on  the  subject  of  the  weight  of  brains  in  the  Novostu 
According  to  him,  the  weight  of  the  brain  has  no  influence  whatever  on  the 
mental  faculties.  It  ought  to  be  remembered  that  the  significance  of  the  weight 
of  the  brain  should  depend  upon  the  proportion  it  bears  to  the  dimensions  of  the 
whole  body  and  to  the  age  of  the  individual.  It  is  equally  important  to  know 
what  was  the  cause  of  death,  for  long  illness  or  old  age  exhausts  the  brain.  To 
define  the  real  degree  of  development  of  the  brain  it  is  therefore  necessary  to 
have  a  knowledge  of  the  condition  of  the  whole  body,  and,  as  this  is  usually 
lacking,  the  mere  record  of  weight  possesses  little  significance. 

The  human  brain  is  heavier  than  that  of  all  the  lower  animals,  excepting  the 
elephant  and  whale.  The  brain  of  the  former  weighs  from  eight  to  ten  pounds ; 
and  that  of  a  whale,  in  a  specimen  seventy-five  feet  long,  weighed  rather  more 
than  five  pounds. 

The  Medulla  Oblongata. 

The  Medulla  Oblongata,  or  bulb,  is  the  upper  enlarged  part  of  the  spinal  cord, 
and  extends  from  the  lower  margin  of  the  foramen  magnum  to  the  lower  border  of 
the  pons  Varolii.  It  is  directed  from  above  obliquely  downward  and  backward ; 
its  anterior  surface  rests  on  the  basilar  groove  of  the  occipital  bone,  its  posterior 
surface  is  received  into  the  fossa  between  the  hemispheres  of  the  cerebellum, 
forming  the  floor  of  the  fourth  ventricle.  It  is  pyramidal  in  form,  its  broad 
extremity  directed  upward,  its  lower  end  being  narrow  at  its  point  of  connection 
with  the  cord.  It  measures  an  inch  in  length,  three-quarters  of  an  inch  in  breadth 
at  its  widest  part,  and  half  an  inch  in  thickness.  Its  surface  is  marked,  in  the 
median  line,  in  front  and  behind,  by  an  anterior  and  posterior  median  fisstire^  which 
are  continuous  with  those  of  the  spinal  cord.  The  anterior  fissure  contains  a  fold 
of  pia  mater,  and  terminates  just  below  the  pons  in  a  cul-de-sac,  the  foramen 
ccecum.  It  is  interrupted  at  its  lower  part  by  some  bundles  of  fibres,  which  cross 
obliquely  from  one  side  to  the  other,  forming  the  decussation  of  the  pyramids. 
The  posterior  is  a  deep  but  narrow  fissure,  continued  upward  to  about  the  middle 
of  the  medulla,  where  it  expands  into  the  fourth  ventricle.  These  two  fissures 
divide  the  medulla  into  two  symmetrical  halves,  each  lateral  half  presenting 
elongated  eminences  which  are  continuous  with  the  columns  of  the  cord.  By 
taking  the  lines  along  which  some  of  the  cranial  nerves  emerge  from  the  medulla 
as  landmarks,  we  may  divide  the  surface  of  this  portion  of  the  nervous  system 
into  three  columns,  just  in  the  same  way  as  the  spinal  cord  is  divided  into  three 
columns  by  the  lines  corresponding  to  the  points  of  exit  of  the  anterior  and 
posterior  roots  of  the  spinal  nerves.  The  anterior  column  comprises  that  portion 
which  is  situated  between  the  anterior  median  fissure  and  the  fibres  of  origin  of 
the  hypoglossal  nerve :  this  column  is  called  the  pyramid.  The  lateral  column 
comprises  that  portion  which  is  situated  between  the  fibres  of  origin  of  the 
hypoglossal  nerve  and  the  fibres  of  origin  of  the  glosso-pharyngeal,  pneumogastric, 
and  spinal  accessory  nerves.  In  the  lower  part  of  the  medulla  this  column  is  single, 
and  is  called  the  lateral  tract ;  but  in  the  upper  part  an  oval-shaped  body  comes 
forward  between  it  and  the  pyramid,  pushing  aside  the  lateral  tract.  This  is  called 
the  olivary  body.  The  posterior  column  comprises  that  portion  which  is  situated 
between  the  fibres  of  origin  of  the  glosso-pharyngeal,  pneumogastric,  and  spinal 
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accessory  nerves,  and  the  posterior  median  fissure.     This  column  is  marked  by 

slight  furrows  marking  off  smaller  columns,  and  these  in  the  lower  part  of  the 

medulla  are   named,  from  without  inward, 

the  funiculus   of    Rolando,    the  funiculus 

cuneatus,  and  the  funiculus  gracilis ;  in  the 

upper  part  of  the  medulla  the  funiculus  of 

Rolando  and  the  funiculus  cuneatus  appear 

to  become  fused  together,  forming  a  single  « 

body  called  the  restiform  body.  ^ 

The  Prramids  are  two  pyramidal  bundles 
of  white  matter,  placed  one  on  either  side 
of  the  anterior  median  fissure,  and  separated 
from  the  olivary  body,  which  is  external  to 
them,  by  a  slight  depression.  At  the  lower 
border  of  the  pons  they  are  somewhat  con- 
stricted ;  they  then  become  enlarged,  and 
taper  as  they  descend,  being  continuous 
below,  by  their  outer  portion,  with  the 
anterior  columns  of  the  cord  (direct  pyr- 
amidal  tract),  and   by  their   inner   portion 

with  the  decussating  fibres,  seen  in  the  AntfriV.ur";i?f  "''''''''*'"*'"' "'''^"'^"""'■ 
anterior  median  fissure,  which  are  derived 

from  the  lateral  column  of  the  cord  (crossed  pyramidal  tract).  For.  on  separating 
the  pyramids  below,  it  will  be  observed  that  their  innermost  fibres  form  from  four 
to  five  bundles  on  each  side,  which  decussate  with  one  another  across  the  anterior 
median  fissure ;  this  decussation,  however,  is  not  formed  of  fibres  from  the 
anterior  column  of  the  cord,  but  from  the  deep  portion  of  the  lateral  columns 
which  pass  forward  to  the  surface  on  the  inner  side  of  the  anterior  columns.  The 
outermost  fibres  do  not  decussate;  they  are  derived,  as  just  stated,  from  the 
anterior  column  of  the  cord. 

The  lateral  colnmn,  in  the  lower  part  of  the  medulla,  is  of  the  same  width  as  the 
lateral  column  of  the  cord,  and  appears  on  the  surface  to  be  a  direct  continuation 
of  it.  In  the  upper  part  of  the  medulla  the  lateral  tract,  on  account  of  the  inter- 
polation of  the  olivary  body,  is  reduced  to  a  narrow  strip,  lying  between  the  olivary 
and  restiform  bodies. 

The  oUvanr  body  is  a  prominent  oval  mass,  situated  behind  the  pyramid, 
from  which  it  is  separated  by  a  slight  groove,  along  which  the  hypoglossal 
nerve  arises.  It  is  separaied  externally  from  the  restiform  body  by  a  longitudinal 
narrow  band  of  fibres,  the  continuation  upward  of  the  lateral  tract,  and  by  a 
groove  from  which  the  glosso- pharyngeal,  pneumogastric,  and  spinal  accessory 
nerves  arise.  It  is  equal  in  breadth  to  the  pyramid ;  is  a  little  broader  above  than 
below,  and  is  about  half  an  inch  in  length,  being  separated  above  from  the  pons 
Varolii  bv  a  slight  depression,  in  which  is  sometimes  to  be  seen  a  hand  of  arched 
fibres.  Numerous  white  fibres  [superficial  arciform  fibrex)  are  seen  winding 
across  the  lower  half  of  the  pyramid  and  the  olivary  body  to  enter  the  restiform 
body. 

The  fliniculus  of  Rolando  is  a  longitudinal  prominence,  on  the  outer  side  of  the 
lateral  tract.  It  begins  at  the  lower  end  of  the  medulla  by  a  tapering  extremity, 
and  gradually  enlarging  as  it  ascends,  forms  at  a  level  with  the  lower  border  of  the 
ohvary  body  a  slight  prominence,  known  as  the  tubereJe  of  Rolando.  About  half 
an  inch  below  the  pons  it  appears  to  blend  with  the  funiculus  cuneatus.  In  front, 
it  is  separated  from  the  lateral  tract  by  a  distinct  groove,  the  continuation 
upward  of  the  postero-lateral  groove  of  the  cord ;  behind,  the  separation  from 
the  funiculus  cuneatus  is  much  less  distinct. 

The  ftmiculus  cnseatns  is  the  direct  continuation  upward  of  the  posterior 
literal  column  of  the  cord.  It  is  situated  between  the  funiculus  of  Rolando 
■td  the   funiculus  gracilis;    it  enlarges  as  it  ascends,  and  forms,  opposite  the 
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lower  extremity  of  the  fourth  ventricle,  a  slight  eminence  or  enlargement,  the 
tuhereulum  cuneatum,  which  is  best  marked  in  children.  About  half  an  inch 
below  the  pons  it  appears  to  blend  with  the  funiculus  of  Rolando. 

The  restiform  bodies  appear  on  the  surface 
to  be  the  direct  continuation  upward  of  the 
funiculus  of  Rolando  and  the  funiculus  cune- 
atus,  But  they  alao  receive  the  arched  fibres 
(arciform),  presently  to  be  described,  and  fibres 
derived  from  the  lateral  column  of  the  cord,  or 
the  lateral  cerebellar  tract.  The  restiform 
bodies  are  the  largest  prominences  of  the 
medulla,  and  are  placed  between  the  lateral 
tracts  in  front  and  the  funiculus  gracilis  behind, 
from  both  of  which  they  are  separated  bv  slight 
grooves.  As  they  ascend  they  diverge  from 
each  other,  assist  in  forming  the  lower  part 
of  the  lateral  boundaries  of  the  fourth  vent- 
yorm  y.  j.ic\c,  and  then  enter  the  corresponding  hemi- 
sphere of  the  cerebellum,  forming  its  inferior 
le  (Biereto.        peduncles. 

The  ftiniculva  gracilis  is  the  direct  con- 
tinuation upward  of  the  posterior  median 
column  of  the  cord.  It  is  a  narrow  white 
cord,  placed  parallel  to  and  along  the  side 
of  the  posterior  median  fissure.  It  is  sep- 
arated from  the  funiculus  cuneatus  below  and 
the  restiform  body  above  by  a  slight  groove, 
which  is  continuous  with  the  groove  on  the 
ll^  surface  of  the  cord,  which  marks  off  (he  pos- 

^|E  terior  median  column.     It  consists  entirely  of 

^i.  white   fibres,   and   ia    the  direct   continuation 

of  the  posterior  median  column  of  the  cord, 
^'  At  first  the  funiculi  of  the  two  sides  lie  ia 
close  contact  on  either  side  of  the  posterior 
median  fissure.  Opposite  the  apex  of  the  fourth  ventricle  they  form  an  enlarge- 
ment (clava),  and  then  diverging,  form  the  lateral  boundaries  of  the  lower  part 
of  the  fourth  ventricle,  and  gradually  tapering  off  they  soon  become  no  longer 
traceable. 

The  posterior  surface  of  the  medulla  oblongata  forms  part  of  the  fioor  of  the 
fourth  ventricle.  This  portion  is  of  a  triangular  form,  bounded  on  each  side  by  the 
diverging  funiculi  graciles  and  restiform  bodies,  and  ia  that  part  of  the  ventricle 
which,  from  its  resemblance  to  the  point  of  a  pen,  is  called  calamus  acrip- 
tortus.  The  divergence  of  the  funiculi  graciles  and  restiform  bodies  opens  to 
view  the  gray  matter  of  the  medulla,  which  is  continuous  below  with  the  gray 
maiter  of  the  cord.  In  the  middle  line  is  seen  a  longitudinal  furrow,  which 
ends  below,  near  the  point  of  the  calamus,  in  a  somewhat  cleft-like  space,  the 
ventricle  of  Araittius,  which  opens  by  a  minute  hole  into  the  central  canal  of  the 
cord. 

The  arcifonn  or  arcuate  fibres,  which  have  been  mentioned  as  forming  part  of 
the  restiform  body,  are  found  in  the  upper  half  of  the  medulla,  both  crossing  its 
surface  and  traversing  its  substance.  They  are  divided  for  the  purpose  of  descrip- 
tion into  two  sets — superficial  and  deep.  The  superficial  arciform  fibres  have 
already  been  alluded  to  as  crossing  the  pyramid  and  olivary  body  on  each  side. 
They  emerge  from  the  anterior  median  fissure,  in  which  they  can  be  traced  to 
enter  the  raphe  and  cross  it,  after  which  ihcy  become  no  longer  traceable.  After 
emerging  from  the  anterior  median  fissure  they  cross  the  pyramid  and  olivary  body, 
and  enter  the  restiform  body.     As  they  cross  the  olivary  body  they  are  reinforced 
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by  some  of  the  deep  arciform  fibres  which  come  to  the  surface  on  the  inner  side 
of,  or  through,  this  structure.  The  deep  arciform  fibres  are  described  with  the 
Microscopic  Anatomy  of  the  Medulla. 

StractnTe. — The  medulla  oblongata,  like  the  spinal  cord,  consists  of  both  gray 
and  white  matter,  and  exhibits  in  sections  both  these  structures  arranged  in  certain 
definite  masses.  The  fibres  of  the  several  columns  of  the  cord  enter  the  medulla, 
and  in  it  undergo  a  rearrangement,  some  of  them  passing  through  it  to  the  pons 
Varolii,  the  cerebrum,  and  the  cerebellum,  while  others  end  in  its  gray  substance. 
Some  fibres  take  origin  in  the  medulla,  and  are  continued  onward  to  the 
cerebrum  and  cerebellum.  The  structure  of  the  medulla  will  be  best  understood 
by  tracing  its  several  parts  upward  from  the  spinal  cord. 

The  pyramid  is  composed  of  fibres  derived  from  the  direct  pyramidal  tract 
of  the  anterior  column  of  the  cord  of  its  own  side,  and  from  the  crossed  pyramidal 
tract  of  the  lateral  column  of  the  opposite  half  of  the  cord.  Those  fibres  which  are 
derived  from  the  direct  pyramidal  tract,  and  which  in  the  cord  lie  close  to  the 
median  fissure,  are  in  the  medulla  placed  to  the  outer  side  of  the  pyramid,  being 
pushed  aside,  as  it  were,  by  the  interpolation  of  the  fibres  derived  from  the  crossed 
pyramidal  tract,  which  are  much  more  numerous.  The  crossed  pyramidal  fibres 
ascend  from  the  lateral  column  of  the  spinal  cord,  and,  passing  through  the 
anterior  gray  cornua  and  across  the  median  fissure,  {6rm  the  inner  part  of  the 
pyramid.  The  fibres  of  the  pyramid  may  be  traced  upward  through  the  pons  to 
the  crus  cerebri  of  its  own  side.  All  the  fibres  of  the  anterior  column  of  the  cord 
are  not  continued  into  the  pyramid  of  the  medulla ;  some  of  them  pass  backward, 
and  enter  the  formatio  reticularis^  which  is  described  with  the  Microscopic  Anatomy 
of  the  Medulla. 

The  olivary  body  when  cut  across  obliquely  is  seen  to  be  composed,  externally 
of  white  fibres,  internally  of  a  gray  layer,  the  corpus  dentatum^  which  is  arranged 
in  the  form  of  a  hollow  capsule,  open  at  its  upper  and  inner  part  and  presenting  a 
zigzag  or  dentated  outline.  White  fibres  enter  the  interior  of  this  capsule  by  the 
aperture  at  its  upper  and  inner  part,  constituting  the  olivary  peduncle. 

The  lateral  tract  of  the  medulla  is  the  continuation  upward  of  the  lateral 
column  of  the  cord.  The  fibres  from  it  divide  into  three  sets :  one  set,  the  most 
numerous,  pass  deeply  behind  the  olivary  body,  and  ascend  through  the  formatio 
reticularis  to  the  pons ;  a  second  set  pass  across  the  anterior  median  fissure  to 
join  the  pyramid,  forming  the  crossed  pyramidal  set ;  the  third  set,  few  in  number, 
form  a  small  band,  which  passes  backward  to  the  restiform  body  to  enter  the 
cerebellum,  forming  the  lateral  cerebellar  tract. 

The  ftmicnlus  of  Rolando,  which  is  a  longitudinal  prominence  on  the  outer 
side  of  the  lateral  tract,  is  now  seen  to  be  the  enlarged  head  of  the  posterior  cornu 
of  the  gray  matter,  which  is  displaced  laterally  in  consequence  of  the  increase  in 
size  of  the  posterior  columns  of  the  medulla,  so  that  it  lies  almost  at  right  angles 
to  the  posterior  median  fissure,  and  approaching  the  surface  forms  a  prominence 
which  is  covered  over  by  a  very  thin  layer  of  white  matter  derived  from  the 
funiculus  cuneatus.  Its  most  prominent  part  on  the  surface  is  called  the  tubercle 
of  Rolando. 

The  fimicnlus  cuneatus  is  the  direct  continuation  upward  of  the  postero- 
lateral column  of  the  cord.  Its  white  fibres  are  derived  from  this  region  of 
the  cord.  The  fibres  appear  to  end  in  the  gray  matter  which  forms  the  so-called 
nucleus  of  this  column;  this  nucleus,  at  first  narrow,  gradually  enlarges, 
and  produces,  externally,  the  eminence  mentioned  above  as  the  tuberculum 
cuneatum. 

The  fimiculns  gracilis  is  the  direct  continuation  upward  of  the  posterior 
median  column  of  the  cord.  It  consists  entirely  of  white  fibres,  which  are 
continuous  with  those  of  this  region  of  the  cord.  Like  the  funiculus  cuneatus, 
its  fibres  appear  to  end  in  its  so-called  nucleus,  which  produces  externally  the 
prominence  mentioned  above  as  the  clava. 

The  restiform  body  is  mainly  constituted  by  the  fusing  together  of  the  funiculus 
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of  Rolando  and  the  funiculus  cuneatus,  to  which  are  added  the  arciform  fibres  of 
the  medulla  and  the  lateral  cerebellar  tract  from  the  lateral  tract  of  the  medulla. 
In  addition  to  these,  a  bundle  of  fibres  has  been  described  by  Solly  as  passing  from 
the  anterior  column  of  the  cord  obliquely  upward  below  the  olivary  body  to  the 
restiform  body.  The  white  fibres  of  the  restiform  body  are  continued  upward  to 
the  cerebellum,  forming  its  inferior  peduncle. 

Microscopic  Anatomy  of  the  Medulla. — If  the  cranial  nerves  emerging  from 
the  medulla  are  traced  into  its  substance,  it  will  be  seen  that  they  divide  each 
hemisphere  of  the  medulla  into  three  wedge-shaped  areas,  which  have  been  named 
the  anterior,  lateral,  and  posterior  areas  of  the  medulla. 

The  anterior  area  comprises  that  portion  which  is  situated  between  the  anterior 
median  fissure  and  the  fibres  of  origin  of  the  hypoglossal  nerve.  On  the  surface 
of  the  medulla  this  area  corresponds  to  the  pyramid. 

The  lateral  area  comprises  that  portion  which  is  situated  between  the  fibres  of 
origin  of  the  hypoglossal  nerve  and  the  fibres  of  origin  of  the  glosso-pharyngeal, 
pneumogastric,  and  spinal  accessory  nerves.  On  the  surface  of  the  medulla,  in 
its  lower  part,  this  area  is  single,  and  is  called  the  lateral  tract ;  but  in  the  upper 
part  an  oval-shaped  body  comes  forward  between  it  and  the  pyramid,  pushing  aside 
the  lateral  tract.     This  oval-shaped  body  is  the  olivary  body. 

The  posterior  area  comprises  that  portion  which  is  situated  between  the  fibres 
of  origin  of  the  glosso-pharyngeal,  pneumogastric,  and  spinal  accessory  nerves  and 
the  posterior  median  fissure.  On  the  surface  of  the  medulla,  this  area  is  marked 
by  slight  furrows  marking  off  smaller  columns ;  these,  in  the  lower  part  of  the 
medulla,  are  named,  from  without  inward,  the  funiculus  of  Rolando,  the  funiculus 
cuneatus,  and  the  funiculus  gracilis ;  in  the  upper  part  of  the  medulla  the  funiculus 
of  Rolando  and  the  funiculus  cuneatus  appear  to  become  fused  together,  forming  a 
single  body,  called  the  restiform  body. 

The  Arciform  Fibres. — Deep  Set — The  deep  arciform  fibres  are  more  numerous 
than  the  superficial  set ;  they  traverse  the  whole  area  of  the  upper  half  of  the 
medulla,  except  the  pyramid.  They  pass  from  the  raphe :  some  become  superficial 
and  join  the  superficial  arciform  fibres ;  while  others  remain  deep  and  pass  to 
the  restiform  bodv  and  to  the  nuclei  of  the  funiculus  cuneatus  and  funiculus 
gracilis. 

The  Raphe. — The  raphe  is  situated  in  the  middle  line  of  the  medulla,  above 
the  decussation  of  the  pyramids.  It  consists  of  nerve-fibres  intermingled  with 
nerve-cells.  The  fibres  have  different  directions  which  can  only  be  seen  in  suitable 
microscopic  sections ;  thus  : 

1.  Some  are  antero-posterior ;  these  are  continuous  in  front  with  the  superficial 
arciform  fibres. 

2.  Some  are  longitudinal ;  these  are  derived  from  the  arciform  fibres,  which  on 
entering  the  raphe  change  their  direction  and  become  longitudinal. 

3.  Some  are  oblique ;  these  are  continuous  with  the  deep  arciform  fibres  w^hich 
pass  from  the  raphe. 

Some  of  the  fibres  of  the  raphe  arise  from  the  nuclei  on  the  floor  of  the  fourth 
ventricle. 

The  Formatio  Reticularis. — In  the  substance  of  the  medulla  behind  the  pyramid 
and  olivary  body  is  a  peculiar  reticulated  structure,  which  has  received  the  name 
of  formatio  reticularis ;  the  appearance  it  presents  in  sections  of  the  medulla  is 
due  to  its  being  composed  of  bundles  of  fibres  running  at  right  angles  to  each 
other,  some  being  longitudinal,  others  transverse. 

The  longitudinal  fibres  are  derived — 

1.  From  the  anterior  column  of  the  cord  after  the  direct  pyramidal  tract  has 
passed  into  the  pyramid. 

2.  From  the  olivary  body. 

3.  From  the  lateral  column  of  the  cord  after  the  crossed  pyramidal  tract  has 
passed  into  the  pyramid. 

4.  From  the  funiculus  cuneatus  and  funiculus  gracilis. 
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The  traDsverse  fibres  are  the  deep  arciform  fibrea. 

In  the  lateral  'part  of  this  reticular  structure  gray  matter  contaiDiog  large 
nerve-cells  is  found. 

The  Oniy  Hatter  of  the  Medulla  Oblongata. — The  gray  matter  of  the  medulla 
oblongata  is  partly  continuous  with  the  gray  matter  of  the  cord,  and  partly 
arranged  in  independent  masses.  It  contains  many  multipolar  ganglion-cells.  To 
the  lower  part  of  the  medulla  the  gray  matter,  which  is  continuous  with  that  of 
the  cord,  is  arranged  in  the  shape  of  two  crescentic  horns,  with  their  convexities 
toward  each  other,  and  connected  by  a  central  commissure;  but  in  the  upper  part 
it  loses  its  crescentic  arrangement,  becomes  more  abundant,  and  is  disposed  with 
leas  regularity. 

The  caput  of  the  posterior  lioms  becomes  enlarged,  and  gradually  shifted 
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Fi(i.-I13.— SerlioDofthemediiUaoblonfifttaa)  nbuut  Ihc  middle  of  (he  olivRry  body.    (SthwHlbe.) 

outward,  so  that  they  form  rounded  masses,  close  under  the  lateral  tract,  and  pro- 
duce the  prominence  on  the  surface  called  the  funiculus  of  Rolando.  The  neck  of 
the  comu  diminishes  in  size,  and  is  broken  up  into  a  reticular  formation  by  the 
passage  of  longitudinal  and  transverse  fibres  through  it,  so  that  the  caput  is  sep- 
irated  from  the  rest  of  the  gray  matter. 

As  the  central  canal  expands  into  the  fourth  ventricle,  the  rest  of  the  posterior 
horn  of  gray  matter  is  pushed  outward  into  the  funiculus  cuneatus  and  funiculus 
gracilis;  in  each  of  these  funiculi  it  forms  a  distinct  accumulation  of  gray  matter, 
constituting  the  nucleus  cuneatus  and  the  nucleus  gracilis. 

The  anterior  horn  of  gray  matter  is  broken  up  by  the  passage  through  it  of 
the  crossed  pyramidal  tract  from  the  lateral  column  of  the  cord.  By  this  means 
the  anterior  portion  of  the  horn  is  completely  isolated  from  the  remainder,  and 
constitutes  the  lateral  nucleus  of  gray  matter  which  is  situated  near  the  surface  of 
the  lateral  tract. 

The  greater  part  of  the  rest  of  the  anterior  horn,  being  permeated  by  the 
decussating  fibres,  presents  a  reticular  formation.  A  small  part  of  the  base  of  the 
anterior  cornu  comes  to  the  surface  of  the  floor  of  the  fourth  ventricle,  and  is 
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exposed  to  view  by  the  divergence  of  the  funiculus  cuneatus  and  funiculus  gracilis. 
It  forms  a  continuous  mass,  which  gradually  increases  in  size  and  forms  the 
eminence  of  the  fasciculus  teres. 

In  it  is  a  group  of  nerve-cells,  which  form  the  nucleus  from  which  the  roots  of 
the  hypoglossal  nerve  arise. 

At  the  base  of  the  posterior  cornu,  in  the  lower  part  of  the  medulla,  is  a  group 
of  cells,  which,  if  traced  upward^  are  found  to  be  pushed  on  one  side ;  so  that  in 
the  floor  of  the  fourth  ventricle  they  are  outside  the  hypoglossal  nucleus  and  form 
a  second  eminence,  the  ala  cinerea :  from  it  arise  the  roots  of  the  accessory  portion 
of  the  spinal  accessory,  pneumogastric,  and  glosso-pharyngeal  nerves.  Outside 
this,  again,  and  toward  the  upper  part  of  the  medulla,  is  another  group  of  cells,  from 
which  most  of  the  fibres  of  the  auditory  nerve  take  origin. 

Another  independent  mass  of  gray  matter  is  found  in  the  olivary  body,  forming 
the  corpus  dentatum.  It  consists  of  a  gray  layer  arranged  in  the  form  of  a  hollow 
capsule,  open  at  its  upper  and  inner  part,  and  presenting  a  zigzag  or  dentated 
outline.  White  fibres  enter  the  interior  of  this  capsule  by  the  aperture  at  its 
upper  and  inner  part,  constituting  the  olivary  peduncles.  Some  of  these  fibres 
terminate  in  the  cells  of  the  corpus  dentatum,  while  others  are  continued  through 
the  gray  layer  to  join  the  arciform  fibres.  Furthermore,  two  small  isolated  bands 
of  gray  matter  are  seen,  one  on  the  dorsal  and  the  other  on  the  mesial  aspect  of 
the  corpus  dentatum :  these  are  known  as  accessory  olivary  nuclei. 

The  Pons  Varolii. 

The  pons  Varolii  {tuber  annulare)  is  the  bond  of  union  of  the  various  segments 
of  the  encephalon,  connecting  the  cerebrum  above,  the  medulla  oblongata  below, 
and  the  cerebellum  behind.  It  is  situated  above  the  medulla  oblongata,  below  the 
crura  cerebri,  and  between  the  hemispheres  of  the  cerebellum. 

Its  anterior  surface  presents  a  broad  transverse  band  of  white  fibres,  which 
arches  like  a  bridge  across  the  upper  part  of  the  medulla,  extending  between  the 
two  hemispheres  of  the  cerebellum.  This  surface  projects  considerably  beyond  the 
level  of  these  parts,  is  of  quadrangular  form,  rests  upon  the  clivus  of  the  sphenoid 
bone,  and  is  limited  before  and  behind  by  very  prominent  margins.  It  presents 
along  the  middle  line  a  longitudinal  groove,  wider  in  front  than  behind,  which 
lodges  the  basilar  artery :  numerous  transverse  striae  are  also  observed  on  each 
side,  which  indicate  the  course  of  its  superficial  fibres. 

Its  posterior  surface  forms  part  of  the  floor  of  the  fourth  ventricle. 

At  each  side  its  fibres  become  contracted  into  a  thick  rounded  cord,  the  cru^ 
cerehelli^  which  enters  the  substance  of  the  cerebellum,  constituting  its  middle 
peduncle. 

Structure. — The  pons  Varolii  consists  of  two  parts,  which  differ  in  appearance 
and  structure  from  each  other :  the  anterior  or  ventral  half  consists  for  the  most 
part  of  fibres  arranged  in  transverse  and  longitudinal  bundles  with  a  small  amount 
of  gray  matter ;  the  posterior  or  dorsal  half  is  a  continuation  of  the  reticular  forma- 
tion of  the  medulla  with  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  The 
anterior  or  ventral  half  consists  of  three  layers  of  fibres  :  (1)  superficial  transverse 
fibres  ;  (2)  superficial  longitudinal  fibres ;  (3)  deep  transverse  fibres.  These  three 
layers  are  not,  however,  completely  differentiated  from  each  other,  for  some  trans- 
verse fibres  may  be  seen  between  the  bundles  of  the  longitudinal  fibres.  The 
superficial  transverse  fibres  (Fig.  414)  pass  from  the  crus  or  middle  peduncle  of  the 
cerebellum  to  the  median  raphe  of  the  pons,  where  they  meet  and  interlace  with 
those  coming  from  the  opposite  side.  They  then  dip  deeply  into  the  substance  of 
the  pons  and  pass  to  the  crus  cerebri  of  the  opposite  side.  The  superficial  longi- 
tudinal fibres  enter  the  pons  below  as  a  single  mass,  being  the  continuation 
upward  of  the  fibres  of  the  pyramids  of  the  medulla ;  as  they  ascend  they  become 
broken  up  into  bundles  by  some  of  the  transverse  fibres  passing  through  them,  and' 
are  continued  into  the  superficial  portion  of  the  crus  cerebri,  much  increased  in 
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number  from  being  reinforced  by  the  fibres  derived  from  the  nerve-cells  in  the 
deep  transverse  strata. 

The  deep  tranaverse  fibres  form  a  much  thicker  layer  than  the  superficial  set, 
and  contain  much  gray  matter  between  them.  The  fibres  pass  from  the  cms  or 
middle  peduncle  of  the  cerebellum  to  the  median  raphe  of  the  pons,  where  they 
meet  and  int«rlace  with  those  coming  from  the  opposite  side. 

The  posterior  or  dorsal  portion  of  the  pons  is  chiefly  constituted  by  a  continua- 
lioD  upward  of  the  reticular  formation  of  the  medulla  and  by  the  gray  matter  of 
(he  floor  of  the  fourth  ventricle. 

Blicroscoplc  Anatomy  of  tlie  Pons. — This  presents  the  same  reticular  structure 
as  in  the  medulla,  consisting  of  longitudinal  fibres  continued  upward  from  the 
medulla,  with  interlacing  transverse  fibres,  between  which  is  interspersed  gray 


Fia.  114.— Superflclal  dlseectlon  oflbe  roedulln  abloogau  and  pons.    (Ellis.) 

matter  with  nerve-cells,  especially  in  the  deeper  layers.  Many  of  the  deep  trans- 
verse fibres  join  the  nerve-cells,  which  are  situated  in  the  gray  matter  {nuclei 
jX'jaig)  of  this  layer.  From  these  colls  other  fibres  are  given  off  which  ascend 
through  the  pons  to  the  crus  cerebri. 

In  the  lower  part  of  this  portion  of  the  pons  is  a  small  isolated  collection  of 
gray  matter,  the  superior  olivary  murleua,  enclosed  by  some  of  the  deep  transverse 
fibres,  called  the  trapezium.  It  is  situated  close  to  the  medulla,  behind  the  super- 
ficial longitudinal  fibres  from  the  pyramid  and  immediately  above  the  olivary  body. 
The  fibres  of  the  trapezium,  which  are  probably  connected  with  the  cells  of  the 
nucleus,  pass  to  the  middle  peduncle  of  the  cerebellum.  Near  the  floor  of  the  fourth 
ventricle  important  collections  of  nerve-cells  are  found,  from  which  some  of  the 
cranial  nerves  arise.  One  of  these  forms  the  nucleus  of  the  sensory  root  of  the 
fifth  nerve ;  a  second,  the  nucleus  of  the  motor  part  of  the  same  nerve  ;  a  third, 
the  nucleus  of  the  sixth  nerve ;  and  a  fourth,  the  nucleus  of  the  facial  nerve.  The 
nucleus  of  the  auditory  nerve,  situated  just  at  the  junction  of  the  pons  and  medulla, 
is  prolonged  upward  into  the  pons. 
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Seiitain. — The  posterior  part  of  the  pons  is  subdivided  into  lateral  halTe<\ 
medium  septum,  but  this  does  not  extend  into  the  anterior  half,  being  here'.; 
rated  bjthe  transverse  fibres.     It  b  formed  mainly  by  the  decussation  and  cLi. 
in  the  direction  of  fibres  as  they  cross  the  middle  line. 

The  Oerebmm  (Fig.  415). 

The  cerebmm  constitutes  the  largest  portion  of  the  encephalon.     Its  undtrv: 
face  or  base  is  of  an  irregular  form,  resting  in  front  on  the  anterior  and  mi 
fossae  of  the  skull,  behind  upon  the  tentorium  cerebelli.     Its  upper  surface  h 
an  ovoid  form,  broader  behind  than  in  front,  convex  in  its  general  outlme.  a 
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'Parielo-oeeipital  Jisnure. 
Fig.  415.— Upper  surface  of  the  brain,  the  arachnoid  having  been  removed. 

divided  into  lateral  halves  or  hemispheres,  right  and  left,  by  the  great  longitw^' 
fissurey  which  extends  throughout  the  entire  length  of  the  cerebrum  in  themi'i-' 
lino,  reaching  down  to  the  base  of  the  brain  in  front  and  behind,  but  intenru|'tf 
in  the  middle  by  a  broad  transverse  commissure  of  white  matter,  the  corpu*  ■ 
losum,  which  connects  the  two  hemispheres  together.     This  fissure  lodges  the  fa^' 
cerebri,  and  indicates  the  original  development  of  the  brain  by  two  lateral  halv^ 
Each  hemisphere  presents  an  outer  surface,  which  is  convex  to  corresp"^ 
with  the  vault  of  the  cranium  ;  an  inner  surface,  which  is  flattened,  and  in  conti 
with  the  opposite  hemisphere  (the  two  inner  surfaces  forming  the  sides  of ' 
longitudinal  fissure) ;  and  an  under  surface  or  base,  of  an  irregular  form,  »l 
rests  in  front  on  the  anterior  and  middle  fossae  of  the  base  of  the  skull,  and  beb- 
upon  the  tentorium  cerebelli. 
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Upper  Surface  of  the  Cerebroin. 

If  the  arachnoid  and  pia  mater  are  removed,  the  entire  surface  of  each  hemi- 
sphere will  be  seen  to  present  a  number  of  depressions  (fissures  and  sulci)  sepa- 
rating a  number  of  convoluted  eminences  (the  convolutions  or  ^yrt). 

The  depressions  are  of  two  kinds,  fissures  and  sulci.  The  fissures  are  few  in 
number ;  they  are  constant  in  their  arrangement,  and  are  produced  by  the  foldings 
of  the  cerebrum  during  the  process  of  development.  They  involve  both  gray  and 
white  matter.  The  sulci  are  more  numerous ;  they  are  superficial  depressions  of 
the  gray  matter,  which  is  folded  inward  and  only  indents  the  central  white  sub- 
stance ;  they  vary  in  different  brains  and  in  different  parts  of  the  same  brain. 

The  Convolutions. — There  is  no  accurate  resemblance  between  the  convolutions 
in  different  brains,  nor  are  they  exactly  symmetrical  on  the  two  sides  of  the  same 
brain,  but  their  general  arrangement  or  plan  is  fairly  constant.  Certain  infoldings 
of  the  cerebrum  take  place  at  an  early  period  of  development  and  form  important 
landmarks,  which  are  constant  and  can  without  difficulty  be  recognized,  but  the 
secondary  depressions  and  convolutions  vary  considerably. 

The  number  and  extent  of  the  convolutions,  as  well  as  their  depth,  appear  to 
bear  a  close  relation  to  the  intellectual  power  of  the  individual,  as  is  shown  in 
their  increasing  complexity  of  arrangement  as  we  ascend  from  the  lowest  mammalia 
up  to  man.  Thus  they  are  absent  in  some  of  the  lower  orders  of  mammalia, 
and  they  increase  in  number  and  extent  through  the  higher  orders.  In  man  they 
present  the  most  complex  arrangement.  Again,  in  the  child  at  birth  before  the 
intellectual  faculties  are  exercised  the  convolutions  have  a  very  simple  arrangement, 
presenting  few  undulations,  and  the  sulci  between  them  are  less  deep  than  in  the 
adult.  In  old  age,  when  the  mental  faculties  have  diminished  in  activity,  the 
convolutions  become  much  less  prominently  marked. 

The  convolutions  on  the  outer  convex  surface  of  the  hemisphere  are  the  largest 
and  most  complicated  convolutions  of  the  brain ;  their  general  direction  is  more 
or  less  oblique ;  they  frequently  branch  like  the  letter  Y  in  their  course  upward 
and  backward  toward  the  longitudinal  fissure:  these  convolutions  attain  their 
greatest  development  in  man,  and  are  especially  characteristic  of  the  human 
brain. 

Structure  of  the  Convolutions. — The  outer  surface  of  each  convolution,  as  well 
as  the  sides  and  bottom  of  the  sulci  between  them,  are  composed  of  gray  matter, 
which  is  here  called  the  cortical  substance.  The  interior  of  each  convolution  is 
composed  of  white  matter,  and  white  fibres  also  blend  with  the  gray  matter  at  the 
sides  and  bottom  of  the  sulci.  By  this  arrangement  the  convolutions  are  adapted 
to  increase  the  amount  of  gray  matter  without  occupying  much  additional  space, 
while  they  also  afford  a  greater  extent  of  surface  for  the  termination  of  the  white 
fibres  in  gray  matter. 

The  Lobes  and  Fissures  of  the  Brain. — Each  hemisphere  of  the  brain  on  its 
external  surface  is  divided  into  five  lobes,  the  division  being  made  by  the  main 
fissures  and  by  imaginary  lines  drawn  to  connect  them  (Fig.  416). 

The  fissures  dividing  the  five  lobes  on  the  external  surface  of  the  hemispheres 
are  three  in  number,  and  are  named  fissure  of  Sylvius,  fissure  of  Rolando,  and 
jmrieto-oceipital  fissure. 

The  Assure  of  Sylvius  begins  at  the  base  of  the  brain  at  the  anterior  perforated 
space,  and  passes  outward  to  the  external  surface  of  the  hemisphere.  It  gives  off 
a  short  anterior  limb,  which  passes  forward,  and  another,  ascending  limb,  which 
passes  upward  into  the  inferior  frontal  convolution.  It  is  then  continued  back- 
ward as  the  horizontal  limb,  and  terminates  in  the  parietal  lobe  after  curving 
upward  for  a  short  distance.  It  separates  the  frontal  and  parietal  lobes  from 
the  temporo-sphenoidal,  and  occupies  the  middle  third  of  the  lateral  surface  of  the 
hemisphere. 

The  fissure  of  Rolando  is  situated  about  the  middle  of  the  outer  surface  of  the 
hemisphere.  It  commences  at  or  near  the  longitudinal  fissure,  and  runs  downward 
and  forward  to  terminate  a  little  above  the  horizontal  limb  of  the  fissure  of  Svlvius, 
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and  about  half  an  inch  behind  the  ascending  limb  of  the  same  fissure.  It  separates 
the  frontal  from  the  parietal  lobe. 

The  parieto-occipital  flssure  is  only  seen  to  a  slight  extent  on  the  outer  surface 
of  the  hemisphere,  and  is  not  so  distinctly  marked  as  the  others.  The  portion  on 
the  outer  surface  of  the  hemisphere  is  sometimes  called  the  external  parieto-occip- 
ital  Hsgure.  to  distinguish  it  from  the  continuation  of  the  sulcus  on  the  internal 
surface  of  the  hemisphere,  which  would  then  be  termed  the  intei-nal  parieto-occip- 
ital  fissure.  It  commences  about  midway  between  the  posterior  extremity  of  the 
brain  and  the  fissure  of  Rolando,  and  runs  downward  and  forward  for  about  an 
inch.     It  divides  the  parietal  and  occipital  lobes. 

These  three  fissures  divide  the  external  surface  of  the  hemisphere  into  five  lobes 
— the  frontal,  the  parietal,  the  occipital,  the  temporosphenoidal,  and  the  central  or 
island  of  Reil. 

The  frontal  lobo  is  that  portion  of  the  brain  which  is  situated  in  front  of  the 
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fissure  of  Rolando  and  above  the  horizontal  limb  of  the  fissure  of  Sylvius.  Its 
under  surface  rests  on  the  orbital  plate  of  the  frontal  bone,  and  is  termed  the 
orbital  lobe. 

The  outer  surface  of  the  frontal  lobe  presents  three  sulci,  which  divide  it  into 
four  primary  convolutions:  1.  The  precentral  sulcus  runs  upward  through  this 
lobe,  parallel  to  the  lower  half  of  tlie  fissure  of  Rolando.  It  divides  off  a  codvo- 
lution  which  lies  between  it  and  the  fissure  of  Kolando,  and  which  is  called  the 
ascending  frontal  convolution.  2  and  3.  From  it  two  sulci,  the  superior  and  infe- 
rior frontal  sulci,  run  forward  and  downward,  and  divide  the  remainder  of  the 
outer  surface  of  the  lobe — namely,  that  part  in  front  of  the  precentral  sulcus — 
into  three  principal  convolutions,  named  respectively  the  superior,  middle,  and 
inferior  frontal  conrclutions. 

The  under  surface  of  the  frontal  lobe,  which  rests  on  the  orbital  plate  of  the 
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frontal  bone,  is  named  the  orbital  lobe  (Fig.  417).  It  presents  a  well-marked 
groove  or  sulcus  for  the  olfactory  tract.  The  convolution  internal  to  this  sulcus 
forms  part  of  the  marginal  gyrus,  hereafter  to  be  described.  External  to  the 
sulcus  this  surface  of  the  frontal  lobe  is  divided  into  three  convolutions  by  a  well- 
marked  sulcus,  the  orbital  sulcus.  These  are  named,  from  their  positions,  the 
internal,,  anterior^  and  posterior  orbital  convolutions,,  and  are  the  continuation 
respectively  of  the  superior,  middle,  and  inferior  frontal  convolutions. 

The  ascending  frontal  convolution  is  a  simple  convolution,  bounded  in  front  by 
the  precentral  sulcus,  behind  by  the  fissure  of  Rolando,  and  extending  from  th^ 
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Fig.  417.— Convolutions  and  Assures  of  the  under  surface  of  the  anterior  lobe. 

upper  margin  of  the  hemisphere  above  to  a  little  behind  the  bifurcation  of  the 
fissure  of  Sylvius  below. 

The  superior  frontal  convolution  is  situated  between  the  margin  of  the  longitu- 
dinal fissure  and  the  superior  frontal  sulcus.  It  extends  above  on  to  the  inner 
aspect  of  the  hemisphere,  forming  the  marginal  convolution,  and  in  front  on  to  the 
orbital  surface,  forming  the  internal  orbital  convolution.  It  is  much  divided  by 
secondarv  sulci. 

The  middle  frontal  convolution  is  situated  between  the  superior  and  inferior 
frontal  sulci,  and  extends  from  the  precentral  sulcus  to  the  lower  margin  of  the 
lobe,  where  it  forms  the  anterior  orbital  convolution. 

The  inferior  frontal  convolution  is  situated  below  the  inferior  frontal  sulcus, 
and  extends  from  tte  lower  part  of  the  precentral  sulcus,  circling  round  the  ascend- 
ing and  anterior  limbs  of  the  fissure  of  Sylvius,  to  the  under  surface  of  the  lobe, 
where  it  forms  the  posterior  orbital  convolution. 

The  parietal  lobe  is  situated  between  the  frontal  and  occipital  lobes,  and  is  not 
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much  more  than  half  the  size  of  the  former.  It  is  bounded  in  front  by  the  fissure 
of  Rolando ;  behind,  by  the  external  parieto-occipital  fissure  and  a  line  drawn  in 
continuation  of  that  sulcus  over  the  hemisphere ;  and  below,  by  the  horizontal 
limb  of  the  fissure  of  Sylvius  and  a  line  connecting  this  with  the  lower  end  of  the 
superior  occipital  sulcus.  Above,  it  extends  to  the  longitudinal  fissure.  It  pre- 
sents for  examination  two  sulci  and  three  convolutions. 

The  intraparietal  sulcus  commences  close  to  the  horizontal  limb  of  the  fissure 
of  Sylvius,  about  midway  between  the  fissure  of  Rolando  and  the  upturned 
extremity  of  the  fissure  of  Sylvius.  It  first  runs  upward  parallel  to  and  behind  the 
lower  half  of  the  fissure  of  Rolando,  and  then  turns  backward,  extending  nearly 
to  the  termination  of  the  external  parieto-occipital  fissure,  where  it  sometimes 
becomes  continuous  with  the  superior  occipital  sulcus.  The  ascending  portion  of 
this  sulcus  separates  off  a  convolution,  the  ascending  parietal,  which  lies  between 
it  and  the  fissure  of  Rolando,  whilst  the  horizontal  portion  divides  the  remainder 
of  the  parietal  lobe  into  two  other  convolutions,  the  superior  Kud  inferior  parietal. 

The  post-central  sulcus  is  a  slightly  marked  groove,  which  is  sometimes  a 
branch  of  the  intraparietal  sulcus,  being  given  off  where  the  ascending  portion 
of  this  sulcus  turns  backward.  It  lies  parallel  to  and  behind  the  upper  part  of 
the  fissure  of  Rolando,  and  separates  the  ascending  from  the  superior  parietal 
convolution.^ 

The  ascending  parietal  convolution  is  bounded  in  front  by  the  fissure  of  Rolando* 
behind  by  the  ascending  portion  of  the  intraparietal  and  the  post-central  sulci.  It 
extends  from  the  great  longitudinal  fissure  above  to  the  horizontal  limb  of  the 
fissure  of  Sylvius  below.  It  lies  parallel  with  the  ascending  frontal  convolution, 
with  which  it  is  connected  below,  and  also  generally  above,  the  termination  of 
the  fissure  of  Rolando. 

The  superior  parietal  convolution  is  bounded  in  front  by  the  post-central  sulcus, 
which  separates  it  from  the  previous  convolution,  but  with  which  it  is  usually 
connected  above  the  upper  extremity  of  the  sulcus ;  behind,  it  is  bounded  by  the 
external  parieto-occipital  fissure,  below  the  termination  of  which  it  is  connected 
with  the  occipital  lobe  by  a  narrow  convolution,  the  first  annectant  gyrus.  Below, 
it  is  separated  from  the  inferior  parietal  convolution  by  the  horizontal  portion  of 
the  intraparietal  sulcus ;  and  above  it  is  continuous  on  the  inner  surface  of  the 
hemisphere  with  the  quadrate  lobe. 

The  inferior  jmrietal  convolution  is  that  portion  of  the  parietal  lobe  which  is 
situated  between  the  ascending  portion  of  the  intraparietal  sulcus  in  front,  the 
horizontal  portion  of  the  same  sulcus  above,  the  horizontal  limb  of  the  fissure  of 
Sylvius  below,  and  the  posterior  boundary  of  the  parietal  lobe  behind.  It  is  sub- 
divided into  two  convolutions  by  an  indistinct  groove.  One,  the  supramarginaly 
lies  behind  the  lower  end  of  the  intraparietal  sulcus  and  above  the  horizontal  limb 
of  the  fissure  of  Sylvius.  It  is  connected,  in  front,  with  the  ascending  parietal 
convolution  beneath  the  intraparietal  sulcus,  and  with  the  superior  temporo-sphe- 
noidal  convolution  behind,  round  the  posterior  extremity  of  the  fissure  of  Sylvius, 
The  other,  the  angular,  is  connected  in  front  with  the  foregoing,  and  with  the 
middle  temporo-sphenoidal  convolution  by  a  process  which  curves  round  the  supe- 

*  Professor  Cunningham  (lescril)€s  these  two  sulci,  intraparietal  and  post-central,  somewhat  difier- 
ently.  He  regards  them  as  both  belonging  to  the  intraparietal  sulcus,  which  he  divides  into  three 
parts :  the  ascending  portion  of  the  intraparietal,  as  described  above,  he  terms  the  ramus  vertieaiis  infe^ 
rior;  the  horissontal  portion  as  the  ramus  horizontalis ;  while  the  post-central  sulcus  he  denominatCR 
the  ramus  vertiealis  superior.  He  states  that  considerable  variability  is  exhibited  in  the  relation  to  each 
other  of  these  different  parts  of  the  intraparietal  sulcus,  but  that  the  one  in  which  the  three  |)art8  of 
the  sulcus  are  confluent  is  by  far  the  most  constant  condition.  Sometimes,  however,  the  three  parts 
of  the  sulcus  may  be  all  separate,  or  the  ramus  horizontal  is  confluent  with  the  ramus  vertiealis  infe- 
rior, the  ramus  vertiealis  superior  remaining  separate;  or,  again,  the  vertical  limbs  may  be  confluent 
and  the  horizontal  limb  separate;  or,  finally,  the  ramus  horizontalis  may  be  joined  to  the  lower  end 
of  the  ramus  vertiealis  sujKjrior,  while  the  lower  vertical  limb  is  separate.  The  connection  which 
sometimes  exists  between  the  intraparietal  sulcus  and  the  occipital  lobe  he  calls  the  ramus  ocdpiiali^ 
In  the  majority  of  cases,  however,  the  occipital  ramus  is  separated  from  the  main  portion  of  the  infra- 
parietal  Hulcus  by  a  superficial  or  deep  bridging  convolution  (Journal  of  AnaJUmty  and  Physiology,  vol. 
xxiv.  part  ii.  p.  135). 
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rior  temporo-sphenoidal  or  parallel  sulcus.     It  is  connected  with  the  occipital  lobe 
by  the  second  annectant  gyrus. 

The  occipital  lobe  is  triangular  in  shape  and  forms  the  posterior  extremity  of 
the  hemisphere.  It  is  bounded  in  front  by  the  external  parieto-occipital  fissure 
and  a  line  drawn  from  the  extremity  of  this  in  the  direction  of  the  fissure  across 
the  outer  surface  of  the  hemisphere.  It  is  continuous  below  and  in  front  with  the 
temporo-sphenoidal  lobe,  and  above  with  the  parietal.  It  is  divided  on  the  outer 
surface  of  the  hemisphere  into  three  convolutions  by  two  indistinct  sulci — the 
superior  and  middle  occipital  sulci.  They  are  directed  backward  across  the  lobe, 
being  frequently  small  and  ill-marked ;  the  superior  is  sometimes  continuous  with 
the  horizontal  portion  of  the  intraparietal  sulcus. 

The  superior  occipital  convolution  is  situated  above  the  superior  sulcus, 
and  is  connected  to  the  superior  parietal  convolution  by  the  first  amiectant 
giprus. 

The  middle  occipital  convolution  is  situated  between  the  superior  and  middle 
occipital  sulci,  and  is  connected  to  the  angular  convolution  by  the  second  annectant 
gyrus^  and  to  the  middle  temporo-sphenoidal  by  the  third  annectant  gyrus. 

The  inferior  occipital  convolution  is  situated  below  the  middle  occipital  sulcus, 
and  is  sometimes  separated  from  the  external  occipito-temporal  convolution  on  the 
under  surface  of  the  hemisphere  by  an  inconstant  sulcus,  the  inferior  occipital  sul- 
cus. It  is  connected  to  the  inferior  temporo-sphenoidal  convolution  by  the  fourth 
annectant  gyrus. 

The  temporo-splienoidal  lobe  is  that  portion  of  the  hemisphere  which  is  lodged 
in  the  middle  fossa  of  the  base  of  the  skull.  In  front  and  above  it  is  limited  by 
the  fissure  of  Sylvius ;  behind,  it  is  connected  with  the  parietal  and  occipital  lobes, 
and  is  limited  artificially  by  a  line  continuing  the  direction  of  the  external  parieto- 
occipital fissure  across  the  outer  surface  of  the  hemisphere.  It  is  divided  into 
three  convolutions  by  two  sulci.  The  superior  of  these  runs  parallel  to  the 
horizontal  limb  of  the  fissure  of  Sylvius.  It  is  named  the  superior  temporo- 
sphenoidal  or  parallel  sulcus^  and  it  is  well  marked  and  constant.  The  second, 
the  middle  temporo-sphenoidal^  is  not  so  well  marked  or  constant ;  it  takes  the 
same  course  at  a  lower  level. 

The  superior  temporo-sphenoidal  convolution  is  situated  between  the  horizontal 
limb  of  the  fissure  of  Sylvius  and  the  superior  temporo-sphenoidal  sulcus.  It  is 
continuous  behind  with  the  supramarginal  convolution. 

The  middle  temporo-sphenoidal  convolution  is  situated  between  the  superior 
and  middle  sulci  of  the  same  name,  and  is  continuous  behind  with  the  angular  and 
middle  occipital  convolutions. 

The  inferior  temporo-sphenoidal  convolution  is  situated  below  the  middle 
temporo-sphenoidal  sulcus,  and  is  separated  from  the  external  occi  pi  to-temporal 
convolution,  on  the  under  surface  of  the  hemisphere,  by  a  sulcus  which  is  called 
the  inferior  temporo-sphenoidal  sulcus.  It  is  connected  with  the  inferior  occipital 
convolution. 

The  central  lobe,  or  island  of  Rail  (Fig.  417),  is  situated  in  the  fissure  of 
Sylvius,  at  the  base  of  the  brain ;  it  is  separated,  in  front,  from  the  posterior 
orbital  convolution  by  a  nearly  transverse  sulcus,  the  anterior  sulcus  of  Reil ; 
externally,  from  the  inferior  frontal  convolution  and  the  lower  ends  of  the 
ascending  frontal  and  parietal  convolutions  by  another  deep  sulcus,  the  external 
nUeus  of  Reil ;  and  posteriorly,  from  the  temporo-sphenoidal  lobe,  by  a  third 
salens,  the  posterior  sulcus  of  Reil.  It  is  a  triangular-shaped  prominent  cluster 
of  about  six  convolutions,  the  gyri  operti^  so  called  from  being  covered  in  by  the 
fissure.  By  the  removal  of  these  convolutions  the  extraventricular  part  of  the 
corpus  striatum  would   be  reached. 

On  the  inner  or  median  surface  of  the  hemispheres  the  arrangement  of  the 
convolutions  is  less  complex ;  they  are  generally  well  defined,  and  some  of  them 
being  of  great  length,  there  is  not  the  same  subdivision  into  smaller  lobes  as  on 
the  external  surface  (Fig.  418).     The  fissures  in  the  internal  surface  are  five  in 
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number,  and  are  named  the  caUoBo-marginal^  the  parieto-occipitalj  the  calcarine^ 
the  collateral^  and  the  dentate. 

The  calloso-marginal  fissure  is  seen  in  front,  commencing  below  the  anterior 
extremity  of  the  corpus  callosum ;  it  at  first  runs  forward  and  upward,  parallel 
with  the  rostrum  of  the  corpus  callosum,  and,  winding  round  the  genu  of  that 
body,  it  continues  from  before  backward,  between  the  upper  margin  of  the 
hemisphere  and  the  convolution  of  the  corpus  callosum,  to  about  midway  between 
the  anterior  and  posterior  extremities  of  the  brain,  where  it  turns  upward  to 
reach  the  upper  margin  of  the  inner  surface  of  the  hemisphere  a  short  distance 
behind  the  superior  extremity  of  the  furrow  of  Rolando.  It  separates  the 
marginal  convolution  from  the  gyrus  fornicatus  or  convolution  of  the  corpus 
callosum. 

The  parieto-occipital  fissure  {internal  parieto-occipital)  is  the  continuation  of 
the  fissure  of  the  same  name  seen  on  the  outer  surface  of  the  hemisphere.     It 


Fig.  418.— Convolutions  and  Assures  of  the  inner  surfiice  of  the  cerebr&l  hemisphere. 


extends  in  an  oblique  direction  downward  and  forward  to  join  the  calcarine 
fissure  on  a  level  with  the  hinder  end  of  the  corpus  callosum.  It  separates  the 
quadrate  from  the  cuneate  lobe. 

The  calcarine  fissure  commences,  usually  by  two  branches,  at  the  back  of  the 
hemisphere,  runs  nearly  horizontally  forward,  and  is  joined  by  the  parieto-occipital 
fissure,  and  continues  nearly  as  far  as  the  posterior  extremity  of  the  corpus 
callosum,  to  terminate  a  little  below  the  level  of  this  commissure.  It  separates 
the  cuneate  lobe  from  the  uncinate  gyrus,  and  causes  the  prominence  known  as 
the  hippocampus  minor  or  calcar  avis,  whence  its  name. 

The  collateral  fissure  is  situated  below  the  preceding,  being  separated  from 
it  by  the  uncinate  gyrus.  It  runs  forward,  from  the  posterior  extremity  of  the 
brain,  nearly  as  far  as  the  commencement  of  the  fissure  of  Sylvius.  It  runs 
between  the  internal  and  external  occi  pi  to-temporal  convolutions.  It  lies  below 
the  posterior  and  middle  horn  of  the  lateral  ventricle,  and  causes  the  prominence 
known  as  the  eminentia  collateralis. 

The  dentate  or  hippocampal  fissure  commences  immediately  below  the  posterior 
extremity  of  the  corpus  callosum,  and  runs  forward  to  terminate  at  the  recurved 
part  of  the  uncinate  gyrus.  It  corresponds  with  the  prominence  of  the  hippo- 
campus major  in  the  descending  horn  of  the  lateral  ventricle. 

The  lobes  or  convolutions  seen  on  the  internal  surface  of  the  hemisphere  are 
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six  in  number,  and  are  named  gyros  fomieatUB,  marginal,  quadrate,  cuneate, 
meinate,  or  internal  occipito-temporal,  and  the  external  occiptto-temporal. 

The  gTTTU  fornicatnfl,  or  convolution  of  the  corpus  callosum,  is  a  well-marked 
lobe  which  begins  just  in  front  of  the  anterior  perforated  space  at  the  base  of  the 
brain ;  it  ascends  in  front  of  the  genu  of  the  corpus  callosum,  and  runs  backward 
along  the  upper  surface  of  this  bodj  to  its  posterior  extremity,  where  it  joins  the 
uncinate  convolution.  It  ia  bounded  above  in  the  greater  part  of  ita  extent  by  the 
calloso-marginal  fissure,  which  separates  it  from  the  marginal  convolution ;  behind 
the  spot  where  this  fissure  turns  upward  it  is  continuous  with  the  quadrate  lobe. 

The  marginal  convoltition  is  situated  above  the  preceding,  and  has  received  its 


tie  brain  of  man,  showing  the  locelliatlon  of  various  functions.  (After  Ferrter,* 
ipposlte  leg  and  foot.  2.3,4.  Centres  for  complei  movements  oflhe  arma  and  lem, 
on  forward  of  the  arm  and  hand.    6,  Bupinallon  of  Ihe  hand  and  fleilon  of  the 

iDTeami.    7,  S.  Kievaiors  and  depressois  of  the  angle  of  the  mouth.    9, 10.  Motementi  of  ttie  IIp6  and  tongue. 

11.  Kelnetlon  of  the  angle  of  the  mouth.    12.  Movementa  of  the  eyes.    13, 13'.  Vision.    U.  Hearing,    a,  b.  c,  d. 

XoTementa  of  the  wrlnls  and  flngera. 

name  from  ita  position  along  the  border  of  the  hemisphere.  It  commences  in  front 
of  the  anterior  perforated  space,  runs  along  the  margin  of  the  longitudinal  fissure 
on  the  under  surface  of  the  orbital  lobe,  being  bounded  externally  by  the  sulcus  for 
the  olfactory  tract ;  it  then  turns  upward  to  the  upper  surface  of  the  hemisphere 
and  runs  backward,  forming  the  marginal  convolution,  on  the  inner  surface,  to 
the  point  where  the  calloso-marginal  fissure  turns  upward  to  reach  the  superior 
border  of  the  hemisphere. 

The  quadrate  lobe  (precuneus)  is  the  marginal  convolution  of  the  longitudinal 
fissure  behind  the  calloso-marginal  sulcus,  lying  between  this  fissure  in  front  and 
the  internal  parieto-occipital  behind.  It  joins  the  gyrus  fornicatus  below,  and  is 
continuous  above  with  the  superior  parietal  convolution. 

The  ctmeate  or  occipital  lobule  is  triangular  in  shape,  being  situated  between 
the  internal  parieto-occipital  and  calcarine  fissures,  which,  as  above  mentioned, 
meet  behind  the  posterior  extremity  of  the  gyrus  fornicatus. 

The  uncinate  or  internal  occipito-temporal  convolation  extends  from  the 
pwterior  extremity  of  the  hemisphere  to  the  fissure  of  Sylvius,  being  bounded 
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above  by  the  calcarine  and  dentate  fissure,  and  separated  below  from  the  external 
occipito-temporal  convolution  by  the  collateral  fissure.  From  the  anterior 
extremity  a  narrow  portion  is  recurved  or  bent  backward  in  the  form  of  a  hook, 
which  is  sometimes  called  the  crochet  or  uncu9.  The  back  part  of  this  convolu- 
tion— that  is,  the  part  below  the  calcarine  fissure — is  sometimes  known  as  the 
Ungiial  lobule  or  gyrus. 

The  external  occipito-temporal  conyolution  is  of  considerable  length,  and  lies 
between  the  collateral  fissure  and  the  inferior  temporo-sphenoidal  sulcus,  which 


Fio.  420.— Top  view  of  the  brain  of  man,  showing  the  locaUzation  of  varioua  functions.    (After  Ferrier.) 
References  the  same  as  in  the  preceding  figure. 

latter  separates  it  from  the  inferior  temporo-sphenoidal  convolution  on  the  outer 
surface  of  the  hemisphere. 

Besides  the  great  primary  convolutions  above  named  and  described,  and 
which  can  be  recognized  in  almost  any  well-developed  brain,  there  are  a  great 
number  of  secondary  convolutions  which  pass  from  one  primary  convolution  to 
another,  and  often  render  the  arrangement  of  the  latter  somewhat  obscure ;  of 
these,  the  connections  of  the  occipital  lobe,  above  mentioned,  and  which  are 
named  annectant  convolutions^  may  be  taken  a^  examples. 

Cerebral  Localization  and  Topography. —Within  the  last  few  years  physiological  and 
pathological  research  have  gone  far  to  prove  that  the  surface  of  the  brain  may  be  maoped  out 
into  series  of  definite  areas,  each  one  of  which  is  intimately  connected  with  some  weuHdefined 
fimction.  And  this  is  especially  true  with  regard  to  the  convolutions  on  either  side  of  the  fis- 
sure of  Rolando,  which  are  believed  by  most  |)hysiologists  of  the  present  day  to  be  concerned  in 
motion,  those  grouped  around  the  fissure  being  associated  with  movements  of  the  extremities 
of  the  opposite  side  of  the  body,  and  those  around  the  lower  end  of  the  fissure  being  related  to 
movements  of  the  mouth  and  tongue. 

This  is  not  the  place,  nor  can  space  be  given,  to  describe  these  localities.  But  the  two 
accompanying  woodcuts  from  Ferrier  (Figs.  419,  420)  have  been  introduced,  and  will  serve  to 
indicate  the  position  of  these  areas  as  far  as  they  have  been  at  present  ascertained. 

The  relation  of  the  principal  fissures  and  convolutions  of  the  cerebrum  to  the  outer  surfaoe 
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of  the  Bc&tp  has  been  the  subject  of  much  recent  investigation,  and  maoj  systems  have  been 
devised  by  which  one  may  loc&lize  these  parts  from  an  examination  of  the  external  surface  of 
the  head. 

These  plans  can  onl^  be  regarded  as  approximately  eorrect  for  several  reasons ;  in  the  first 
place,  because  the  relations  of  the  convolutions  and  sulci  to  the  surface  are  found  to  be  veiy 
TUiable  in  different  individuals ;  secondly,  because  the  surface  area  of  the  scalp  is  greater  than 
tbe  Borface  area  of  the  brain,  so  that  lines  drawn  on  the  one  cannot  correspond  exactly  to  sulci 
or  convolutions  on  the  other '  and  thirdly,  because  the  sulci  and  convolutions  in  two  individuals 
are  never  precisely  alike.  Nevertheless,  the  principal  fissures  and  convolutions  can  be  mapped 
out  with  sufficient  accuracy  for  all  practical  purposes,  so  that  any  particular  convolution  can  be 
generally  exposed  by  removing  with  the  trephine  a  certain  pordon  of  the  skull's  area 

The  vanoua  htndmarks  on  the  out«de  of  the  skull,  which  can  be  easily  felt,  and  which  serve 


a  cut  prepared  by 


Louj^itiidinal  Fisaiire. — This  corresponds 
the  nose  to  the  external  occipital  protuberance.  ,  ,.    .  . 

The  Fismre  of  Sylvina.— The  position  of  tie  fissure  of  Sylvius  and  ita  horizontal  limb  is 
matted  by  a  line  starting  from  a  point  one  inch  and  a  quarter  horiKontally  behind  the  external 
Mipilar  process  of  the  frontal  bone  to  a  point  three-quarters  of  an  inch  below  the  most  promi- 
nent point  of  the  parietal  eminence.  The  firet  three-quarters  of  an  inch  will  represent  the  mam 
fissure,  the  remainder  the  horizontal  limb.  The  bifurcation  of  the  fissure  is,  therefore,  two 
iuches  behind  and  about  a  quarter  of  an  inch  above  the  level  of  the  external  aneular  procew. 
The  ascending  limb  of  tbe  fissure  passes  upward  from  this  point  parallel  to,  and  immediately 
behind,  the  coronal  suture.  .  t^  ,     , 

Fissnre  of  Bolando.— To  find  the  upper  end  of  the  fissure  of  Rolando,  a  measurement 
should  be  taken  from  the  glabella  to  the  external  occipital  protuberance.  The  position  of  the 
top  of  tbe  sulcus  will  be,  measuring  fiDJn  in  front,  55,6  per  cent,  of  the  whole  distance  from  the 
glabella  to  the  external  occipital  protuberance.  Professor  Thane  adopts  a  somewhat  simpler 
method.  He  divides  the  distance  from  the  glabella  to  tbe  external  occipital  protuberance  over 
the  top  of  the  head  into  two  equal  parts,  and,  having  thus  defined  the  middle  point  of  tbe  ver- 
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"he  inferinr  frontal fimire  followB  the  course  of  ihe  superior  temporal  ridge  on  the  frontal 

!'he  \tUraparkl<ilfi«sure  bccins  on  a  level  with  the  junotion  of  the  middle  and  lower  third 
'  fissure  of  Rolando,  on  a  line  carried  across  the  head  from  the  back  of  the  root  of  one 
'f  to  that  of  the  other.     After  passing  upward  it  curves  backward,  lying  parallel   to  the 


iidinal  fissure,  midway  between  it  and  the  parietal  eminence ;  it  then  curves  downward  t< 
■nidway  between  the  posterior  fontanelle  and  the  parietal  eminence. 

Under   Snrfoce   or   Base  or  the   Cerebrom   (Fig.  423). 
The  under  surface  of  each  hemisphere  presents  a  subdivision  into  three  lobes, 
lod,  from  their  position,  anterior,  middle,  b.tiA  posterior. 
i'he  utterior  or  frontal  lobe,  of  a  triangular  form,  with  its  apex  backward,  is 


somewhat  concave,  and  rests  upon  the  convex  surface  of  the  roof  of  the  orbit,  being 
separated  from  the  middle  lobe  by  the  fissure  of  Sylvius.  The  middle  lobe,  which 
is  more  prominent,  is  received  into  the  middle  fossa  of  the  base  of  the  skull,  and 
comprises  the  under  part  of  the  temporo-sphenoidal  lobe.  The  posterior  or  occip- 
ital lobe  rests  upon  the  tentorium,  its  extent  forward  being  limited  by  the  ante- 
rior margin  of  the  cerebellum. 

The  various  objects  exposed  to  view  on  the  under  surface  of  the  cerebrum,  in 
and  near  the  middle  line,  are  here  arranged  in  the  order  in  which  they  are  met 
with    from   before  backward: 
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tex,  he  takes  half  an  inch  behind  it  as  the  top  of  the  sulcus.  This  is  not  quite  so  accurate  as 
the  former  method,  but  it  is  sufficiently  so  for  all  practical  purposes,  and  on  account  of  its  sim- 
plicity is  very  generally  adopted.  From  this  point  the  fissure  runs  downward  and  forward  for  3} 
inches,  its  axis  making  an  angle  of  67°  with  tiie  middle  line.  In  order  to  mark  this  groove,  two 
strips  of  metal  may  be  employed — one,  the  shorter,  being  fixed  to  the  middle  of  the  other  at  the 
angle  mentioned.  If  the  longer  strip  is  now  placed  along  the  sagittal  suture  so  that  the  junction  of 
the  two  strips  is  over  the  point  corresponding  to  the  top  of  the  furrow,  the  shorter,  oblique 
strip  will  indicate  the  direction  and  3}  inches  will  mark  the  length  of  the  furrow.  Dr.  Wilson 
has  devised  an  instrument,  called  a  cystometer,  which  combines  the  scale  of  measurements  for 
localizing  the  fissure  with  data  for  representing  its  length  and  direction.^  Professor  Thane 
gives  the  lower  end  of  the  furrow  as  ^' close  to  the  posterior  limb,  and  about  half  an  inch 
behind  the  bifurcation  of  the  fissure  of  Sylvius."  So  that,  according  to  this  anatomist,  a  line 
drawn  from  a  point  half  an  inch  behind  the  mid-point  between  the  glabella  and  external  occipi- 
tal protuberance  to  this  spot  would  mark  out  the  fissure  of  Rolando.  Dr.  Reid  adopts  a  differ- 
ent method  (Fi^.  422).  He  first  indicates,  on  the  surface  the  longitudinal  fissure  and  the  hori- 
zontal limb  of  the  fissure  of  Sylvius  (as  above).     He  then  draws  two  perpendicular  lines  iroui 


Fio.  422.— Relations  of  the  principal  fissures  and  convolutions  of  the  cerebrum  to  the  outer  surface  of  the 
scalp.    (Reid.) 

his  "base-line"  (that  is,  a  line  from  the  lowest  part  of  the  infra-orbital  marein  through  the 
middle  of  the  external  auditory  meatus  to  the  back  of  the  head)  to  the  top  of  the  cranium,  one 
(d  e.  Fig.  422)  from  the  depression  in  front  of  the  ext^srnal  auditory  meatus,  and  the  other 

Sp  o,  Fig.  422)  from  the  posterior  border  of  the  mastoid  process  at  its  root  He  has  thus 
lescribed  on  the  surface  of  the  head  a  four-sided  figure  (f  D  o  E,  Fig.  422),  and  a  diagonal  line 
from  the  posterior  superior  angle  to  the  anterior  perpendicular  line  where  it  is  crossed  by  the 
fissure  of  Sylvius  will  represent  the  furrow. 

The  parieto-occipital  fissure  on  the  upper  surface  of  the  cerebrum  runs  outward  at  right 
angles  to  the  great  longitudinal  fissure  for  about  an  inch,  from  a  point  one-fiflh  of  an  inch  in 
front  of  the  lambda  (posterior  fontanelle).  Reid  states  that  if  the  horizontal  limb  of  the  fissure 
of  Sylvius  be  continued  onward  to  the  sagittal  suture,  the  last  inch  of  this  line  will  indicate  the 
position  of  the  sulcus. 

The  precetitral  sulcus  lies  in  a  line  drawn  vertically  downward  from  the  point  of  junction  of 
the  sagittal  and  coronal  sutures.  It  begins  four-fiflhs  of  an  inch  in  front  of  the  middle  of  the 
fissure  of  Rolando,  and  extends  nearly,  but  not  quite,  to  the  horizontal  limb  of  the  fissure  of 
Sylvius. 

The  superior  frontal  fissure  runs  backward  from  the  supra-orbital  notch,  parallel  with  the 
line  of  the  longitudinal  fissure  to  two-fiflhs  of  an  inch  in  front  of  the  line  indicating  the  position 
of  the  fissure  of  Rolando. 

^Jxtncet,  vol.  i.,  1888,  p.  408. 
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The  ii^ferior  frwitai Jitfare  follows  the  course  of  ihe  superior  temporal  ridge  on  the  fronUl 
bone. 

'Y\\eintraparii:talJwiure\»z\TisQn  n  level  with  the  junction  of  the  middle  and  lower  third 
of  the  fissure  of  Rolando,  on  a  line  carried  across  the  head  from  the  back  of  the  root  of  one 
Biiricle  to  that  of  the  other.  After  passing  upward  it  curves  backward,  lying  parallel  to  the 
linigitudinal  Bssure,  midway  between  it  and  the  parietal  eminenc« ;  it  then  curves  downward  to 
vm  midway  between  the  posterior  fontanelle  and  the  parietal  eminence. 

Under   Snr&ce    or   Base  or  the   Oerebmm   (Fig.  423). 
The  under  surface  of  eacli  hemisphere  presents  a  subdivision  into  three  lobes, 
named,  from  their  position,  anterior,  middle,  and  poiterior. 

The  anterior  or  frontal  lobe,  of  a  triangular  form,  with  its  apex  backward,  is 


somewhat  concave,  and  rests  upon  the  convex  surface  of  the  roof  of  tbe  orbit,  being 
separated  from  the  middle  lobe  by  the  fissure  of  Sylvius.  The  middle  lobe,  which 
is  more  prominent,  is  received  into  the  middle  fossa  of  the  base  of  the  skull,  and 
comprises  the  under  part  of  tbe  temporo-sphenoidal  lobe.  Tbe  posterior  or  occip- 
ital lobe  rests  upon  the  tentorium,  its  extent  forward  being  limited  by  the  ante- 
rior margin    of  the  cerebellum. 

The  various  objects  exposed  to  view  on  the  under  surface  of  the  cerebrum,  in 
and  near  the  middle  line,  are  here  arranged  in  the  order  in  which  they  are  met 
with  from  before  backward : 
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Longitudinal  fissure.  Optic  commissure. 

Corpus  callosum  and  its  peduncles.  Tuber  cinereum. 

Lamina  cinerea.  Infundibulum. 

Olfactory  tract.  Pituitary  body. 

Fissure  of  Sylvius.  Corpora  albicantia. 

Anterior  perforated  space.  Posterior  perforated  space. 

Crura  cerebri. 

The  longitudinal  fissure  partially  separates  the  two  hemispheres  from  each 
other:  it  divides  the  two  frontal  lobes  in  front,  and  on  raising  the  cerebellum  and 
pons  it  will  be  seen  completely  separating  the  two  occipital  lobes.  Of  these  two 
portions  of  the  longitudinal  fissure,  that  which  separates  the  occipital  lobes  is  the 
longer.  The  intermediate  portion  of  the  fissure  is  filled  up  by  the  great  transverse 
band  of  white  matter,  the  corpus  callosum.  In  the  fissure  between  the  two  frontal 
lobes  the  anterior  cerebral  arteries  ascend  on  the  corpus  callosum. 

The  corpus  callosum  terminates  at  the  base  of  the  brain  by  a  concave  margin 
which  is  connected  with  the  tuber  cinereum  through  the  intervention  of  a  thin 
layer  of  gray  substance,  the  lamina  cinerea.  This  may  be  exposed  by  gently  raising 
and  drawing  back  the  optic  commissure.  A  white  band  may  be  observed  on  each 
side,  passing  from  the  under  surface  of  the  corpus  callosum,  backward  and  out- 
ward  to  the  commencement  of  the  fissure  of  Sylvius :  these  bands  are  called  the 
peduncles  of  the  corpus  callosum.  They  may  be  traced  upward  around  the  genu 
to  become  continuous  with  the  strice  hngitudinales^  or  nerves  of  Lancisi,  on  the 
upper  surface  of  the  corpus  callosum  (page  732).  Laterally,  this  portion  of  the 
corpus  callosum  extends  into  the  frontal  lobe. 

The  lamina  cinerea  is  a  thin  layer  of  gray  substance,  extending  backward  above 
the  optic  commissure  from  the  termination  of  the  corpus  callosum  to  the  tuber 
cinereum  ;  it  is  continuous  on  each  side  with  the  gray  matter  of  the  anterior  per- 
forated space,  and  forms  the  anterior  part  of  the  inferior  boundary  of  the  third 
ventricle. 

The  olfactory  tract,  with  its  bulb,  is  seen  on  each  side  of  the  longitudinal 
fissure  upon  the  under  surface  of  each  frontal  lobe. 

The  fissure  of  Sylvius  separates  the  frontal  from  the  temporo-sphenoidal  lobe, 
and  lodges  the  middle  cerebral  artery.  It  begins  at  the  outer  side  of  a  depression, 
at  the  bottom  of  which  is  the  anterior  perforated  space.  This  depression  is  called 
the  vallecula  Sylvii.  At  its  commencement  is  seen  a  point  of  medullary  substance, 
corresponding  to  a  subjacent  band  of  white  fibres,  connecting  the  frontal  and 
temporo-sphenoidal  lobes,  and  called  t\xQ  fasciculus  unciformis.  On  following  this 
fissure  outward,  it  divides  into  two  branches,  enclosing  portions  of  the  frontal  and 
parietal  lobes,  which  overhang  and  cover  the  upper  part  of  a  prominent  cluster  of 
isolated  convolutions  called  the  island  of  Reil  or  central  lobe.  The  overhanging 
portion  of  the  frontal  and  parietal  lobe  is  called  the  operculum  of  the  insula. 

The  anterior  perforated  space  is  situated  at  the  inner  side  of  the  fissure  of 
Sylvius.  It  is  of  a  triangular  shape,  bounded  in  front,  by  the  orbital  convolutions 
of  the  frontal  lobe  and  the  roots  of  the  olfactory  tract ;  behind,  by  the  optic  tract ; 
externally,  by  the  temporo-sphenoidal  lobe  and  commencement  of  the  fissure  of 
Sylvius ;  internally,  it  is  continuous  with  the  lamina  cinerea  and  crossed  by  the 
peduncle  of  the  corpus  callosum.  It  is  of  a  grayish  color,  and  corresponds  to  the 
under  surface  of  the  corpus  striatum,  a  large  mass  of  gray  matter  situated  in  the 
interior  of  the  brain  ;  it  has  received  its  name  from  being  perforated  by  numerous 
minute  apertures  for  the  transmission  of  small  straight  vessels  into  the  substance 
of  the  corpus  striatum,  constituting  the  antero-median  and  antero-lateral  ganglionic 
branches  of  the  anterior  and  middle  cerebral  arteries. 

The  optic  commissure  is  situated  in  the  middle  line,  immediately  in  front  of  the 
tuber  cinereum  and  below  the  lamina  cinerea.^  It  is  the  point  of  junction  between 
the  two  optic  nerves. 

*  That  is  to  say,  the  commissure  is  superficial  to  the  lamina  in  the  order  of  diflsection  when  the 
base  is  uppermost. 
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Immediately  behind  the  diverging  optic  tracts,  and  between  them  and  the 
pedancles  of  the  cerebrum  {crura  cerebri)^  is  a  lozenge-shaped  interval,  the  inter- 
peduncular  space,  in  which  are  found  the  following  parts :  the  tuber  cinereum, 
infandibulum,  pituitary  body,  corpora  albicantia,  and  the  posterior  perforated 
space. 

The  tuber  cinereum  is  an  eminence  of  gray  matter  situated  between  the  optic 
tracts  and  the  corpora  albicantia ;  it  is  connected  with  the  surrounding  parts  of 
the  cerebrum,  forms  part  of  the  floor  of  the  third  ventricle,  and  is  continuous  with 
the  gray  substance  in  that  cavity.  From  the  middle  of  its  under  surface  a  conical 
tubular  process  of  gray  matter,  about  two  lines  in  length,  is  continued  downward 
and  forward,  to  be  attached  to  the  posterior  lobe  of  the  pituitary  body  :  this  is 
the  infundibulum.  Its  canal,  which  is  funnel-shaped,  communicates  with  the 
third  ventricle. 

The  pituitary  body  {hypophysis  cerebri)  is  a  small  reddish-gray  vascular  mass 
weighing  from  five  to  ten  grains,  and  of  an  oval  form,  situated  in  tne  sella  Turcica, 
in  connection  with  which  it  is  retained  by  a  process  of  dura  mater  derived  from 
the  inner  wall  of  the  cavernous  sinus.  This  process  covers  in  the  pituitary  fossa, 
enclosing  the  pituitary  body,  and  having  a  small  hole  in  its  centre  through  which 
the  infundibulum  passes. 

Strqcture. — The  pituitary  body  is  very  vascular,  and  consists  of  two  lobes, 
separated  from  one  another  by  a  fibrous  lamina.  Of  these,  the  anterior  is  the 
larger,  of  an  oblong  form  and  somewhat  concave  behind,  where  it  receives  the 
posterior  lobe,  which  is  round.  The  two  lobes  differ  both  in  development  and 
structure.  The  anterior  lobe,  of  a  dark,  yellowish-gray  color,  is  developed  from 
the  ectoderm  of  the  buccal  cavity,  and  resembles  to  a  considerable  extent,  in  micro- 
scopic structure,  the  thyroid  body.  It  consists  of  a  number  of  isolated  vesicles  and 
slightly  convoluted  alveoli  lined  by  epithelium  and  united  together  by  connective 
tissue.  The  epithelium  is  columnar,  and  occasionally  ciliated.  The  alveoli  some- 
times contain  a  colloid  material,  similar  to  that  found  in  the  thyroid  body,  and 
their  walls  are  surrounded  by  a  close  network  of  lymphatics  and  capillary  blood- 
vessels. The  posterior  lobe  is  developed  by  an  outgrowth  from  the  embryonic 
brain,  and  during  foetal  life  contains  a  cavity  which  communicates  through  the 
infundibulum  with  the  cavity  of  the  third  ventricle.  In  the  adult  it  becomes  firmer 
and  more  solid,  and  consists  of  a  sponge-like  connective  tissue  arranged  in  the 
form  of  reticulating  bundles,  between  which  are  branched  cells,  some  of  them 
containing  pigment.  In  the  lower  animals  the  two  lobes  are  quite  distinct,  and  it 
is  only  in  the  mammalia  that  they  become  connected  together. 

The  corpora  albicantia,  or  mammillaria,  are  two  small,  round,  white  masses, 
each  about  the  size  of  a  pea,  placed  side  by  side  immediately  behind  the  tuber 
cinereum.  They  are  formed  by  the  anterior  crura  of  the  fornix,  hence  called  the 
hulbs  of  the  fornix,  which,  after  descending  to  the  base  of  the  brain,  are  folded 
upon  themselves  before  passing  upward  to  the  thalami  optici.  They  are  composed 
externally  of  white  substance  and  internally  of  gray  matter,  the  gray  matter  of  the 
two  being  connected  by  a  transverse  commissure  of  the  same  material.  At  an  early 
period  of  foetal  life  they  are  blended  together  into  one  large  mass,  but  become 
separated  about  the  seventh  month. 

The  posterior  perforated  space  {pons  Tarini)  corresponds  to  a  whitish-gray 
substance  placed  between  the  corpora  albicantia  in  front,  the  pons  Varolii  behind, 
and  the  crura  cerebri  on  each  side.  It  forms  the  back  part  of  the  floor  of  the 
third  ventricle.  It  is  perforated  by  numerous  small  orifices  for  the  passage  of 
the  postero-median  ganglionic  branches  of  the  posterior  cerebral  and  posterior 
communicating  arteries. 

The  crura  cerebri  {peduncles  of  the  cerebrum)  are  two  thick  cylindrical  bundles 
of  white  matter  which  emerge  from  the  anterior  border  of  the  pons  and  diverge 
as  they  pass  forward  and  outward  to  enter  the  under  part  of  either  hemisphere. 
Each  crus  is  about  three-quarters  of  an  inch  in  length,  and  somewhat  broader  in 
front  than  behind.     They  are  marked  upon  their  surface  with  longitudinal  striae, 
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and  each  is  crossed,  just  before  entering  the  hemisphere,  by  a  flattened  white  band, 
the  optic  tracts  which  is  adherent  by  its  upper  border  to  the  peduncle.  The  third 
nerve  may  be  seen  emerging  from  a  groove  on  the  inner  side  of  each  crus,  and  the 
fourth  nerve  winding  round  its  outer  side  from  above. 

Structure  of  the  Orora. — Each  crus  consists  of  a  superficial  layer  of  longitudinal 
white  fibres,  the  crusta^  continued  upward  from  the  pons ;  of  a  deeper  layer,  a 
prolongation  of  the  reticular  formation,  termed  the  tegmentum  ;  and  of  an  inter- 
mediate stratum  of  gray  matter,  the  locus  niger. 

The  crusta^  or  the  superficial  layer  of  longitudinal  fibres,  consists  of  coarse 
bundles  of  nerve-fibres  which  are  collected  on  the  under  or  free  surface  of  the  crus. 
It  is  formed  almost  entirely  of  longitudinal  fibres  continuous  with  the  pyramidal 
fibres  of  the  medulla  and  pons,  those  derived  from  the  medulla  occupying  the 
central  portion  of  the  crusta,  those  added  in  the  pons  being  placed  laterally.  The 
fibres  pass  to  the  cerebral  hemispheres,  entering  the  internal  capsule. 

The  tegmentum  forms  the  deeper  part  of  the  crus  cerebri,  and  is  united  below 
with  its  fellow  of  the  opposite  side  by  a  prolongation  of  the  septum  of  the  pons, 
but  separated  above  by  the  posterior  perforated  space.  It  consists  of  longitudinal 
bundles  of  white  fibres  interlaced  by  transverse  fibres,  together  w  ith  a  quantity  of 
gray  matter  with  scattered  nerve-cells.  It  forms  a  well-marked /orwaf to  reticularis 
similar  to  that  found  in  the  pons  and  medulla,  with  which  it  is  continuous, 
receiving,  however,  a  bundle  of  fibres  {superior  peduncle)  from  the  cerebellum. 
Above,  the  fibres  enter  the  optic  thalamus. 

The  locus  niger  is  a  mass  of  gray  matter  situated  between  the  crusta  and 
tegmentum,  and  projecting  here  and  there  between  the  bundles  of  the  former.  It 
is  thicker  at  the  inner  than  at  the  outer  side,  and  is  traversed  in  its  mesial  part  by 
the  fibres  of  origin  of  the  third  nerve.  It  contains  irregular  nerve-cells,  in  which 
are  lodged  numerous  dark  pigment-granules. 

The  posterior  lobes  of  the  cerebrum  are  concealed  from  view  by  the  upper 
surface  of  the  cerebellum  and  pons  Varolii.  When  these  parts  are  raised,  the  two 
hemispheres  are  seen  to  be  separated  by  the  great  longitudinal  fissure,  this  fissure 
being  interrupted  by  the  posterior  rounded  border  of  the  corpus  callosum. 

(General  Arrangement  of  the  Parts  composing  the  Cerebrnm. 

As  the  peduncles  or  crura  of  the  cerebrum  enter  the  hemispheres  they  diverge 
from  one  another,  so  as  to  leave  an  interval  between  them,  the  interpeduncular 
space.  As  they  ascend  the  component  fibres  of  each  pass  through  two  large 
masses  of  gray  matter,  the  ganglia  of  the  brain,  called  the  thalamus  opticus  and 
corpus  striatum^  which  project  as  rounded  eminences  from  the  upper  and  inner 
side  of  each  peduncle.  The  hemispheres  are  connected  together,  above  these  masses, 
by  the  great  transverse  commissure,  the  corpus  callosum ;  the  interval  left  between 
its  under  surface,  the  upper  surface  of  the  ganglia,  and  the  parts  closing  the  inter- 
peduncular space  forms  the  general  ventricular  cavity.  The  upper  part  of  this 
cavity  is  subdivided  into  two  by  a  vertical  septum,  the  septum  lucidum  ;  and  thus 
the  two  lateral  ventricles  are  formed.  The  lower  part  of  the  cavity  forms  the 
third  ventricle,  w^hich  communicates  with  the  lateral  ventricles  above  and  with  the 
fourth  ventricle  behind.  The  fifth  ventricle  is  the  interval  left  between  the  two 
layers  composing  the  septum  lucidum. 

The  Interior  of  the  Cerebrum. 

If  the  upper  part  of  either  hemisphere  is  removed  with  a  scalpel  about  half  an 
inch  above  the  level  of  the  corpus  callosum,  its  internal  white  matter  w411  be 
exposed.  It  is  an  oval-shaped  centre,  of  white  substance,  surrounded  on  all  sides 
by  a  narrow  convoluted  margin  of  gray  matter,  which  presents  an  equal  thickness 
in  nearly  every  part.  This  white  central  mass  has  been  called  the  centrum  ovah 
minus.  Its  surface  is  studded  with  numerous  minute  red  dots  Ipunctn  vasc^ilosa)^ 
produced  by  the  escape  of  blood  from  divided  blood-vessels,     in  inflammation  or 
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great  congestion  of  the  brain  these  are  very  numerous  and  of  a  dark  color.  If 
the  remaining  portion  of  one  hemisphere  is  slightly  separated  from  the  other,  a 
broad  band  of  white  substance  will  be  observed  connecting  them  at  the  bottom  of 
the  longitudinal  fissure ;  this  is  the  corp\i%  callosum.  The  margins  of  the  hemi- 
spheres which  overlap  this  portion  of  the  brain  are  called  the  labia  cerebri.  Each 
labium  is  part  of  the  convolution  of  the  corpus  callosum  {gyrus  fornicatvs\  already 
described,  and  the  space  between  it  and  the  upper  surface  of  the  corpus  callosum 
has  been  termed  the  ventricle  of  the  corpus  callosum  (Fig.  427). 

The  hemispheres  should  now  be  sliced  off  to  a  level  with  the  corpus  callosum, 
when  the  white  substance  of  that  structure  will  be  seen  connecting  the  two 
hemispheres.  The  large  expanse  of  medullary  matter  now  exposed,  surrounded 
by  the  convoluted  margin  of  gray  substance,  is  called  the  centrum  ovale  majus  of 
Vieussens. 

The  corpns  callosum  is  a  thick  stratum  of  transverse  fibres  exposed  at  the 
bottom  of  the  longitudinal  fissure.     It  connects  the  two  hemispheres  of  the  brain, 


Fig.  424.— Section  of  the  brain.    Made  on  a  level  with  the  corpus  colloBum. 

forming  their  great  transverse  commissure,  and  forms  the  roof  of  a  space  in  the 
interior  of  each  hemisphere,  the  lateral  ventricle.  It  is  about  four  inches  in 
length,  extending  to  within  an  inch  and  a  half  of  the  anterior,  and  to  within  two 
inches  and  a  half  of  the  posterior,  part  of  the  brain.  It  is  somewhat  broader 
behind  than  in  front,  and  is  thicker  at  either  end  than  in  its  central  part,  being 
thickest  behind.  It  presents  a  somewhat  arched  form  (Fig.  431,  5)  from  before 
b'Xikward,  terminating  anteriorly  in  a  rounded  border,  which  curves,  downward 
and  backward,  between  the  frontal  lobes  to  the  base  of  the  brain.  In  its  course 
it  forms  a  distinct  bend,  named  the  genu^  and  is  then  continued  downward  and 
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backward  to  the  base  of  the  brain,  where  it  is  connected,  through  the  lamina 
cinerea,  with  the  tuber  cinereum.  The  reflected  portion  of  the  corpus  callosum 
is  called  the  beak  or  rostrum :  it  becomes  gradually  narrower  as  it  descends,  and 
is  attached  by  its  lateral  margins  to  the  frontal  lobes.  At  its  termination  the 
corpus  callosum  gives  off  two  bundles  of  white  substance,  which,  diverging  from 
one  another,  pass  backward,  across  the  anterior  perforated  space,  to  the  entrance 
of  the  fissure  of  Sylvius.  They  are  called  the  peduncles  of  the  corpus  callosum. 
Posteriorly,  the  corpus  callosum  forms  a  thick  rounded  fold,  called  the  splenium 
or  pady  which  is  free  for  a  little  distance  as  it  curves  forward,  and  is  then 
continuous  with  the  fornix.  On  its  upper  surface  the  structure  of  the  corpus 
callosum  is  very  apparent,  being  collected  into  coarse  transverse  bundles.  Along 
the  middle  line  is  a  linear  depression,  the  raphe^  bounded  laterally  by  two  or  more 
slightly  elevated  longitudinal  bands,  called  the  strus  longUudinales  or  nerves  of 
Lancisi ;  and,  still  more  externally,  other  longitudinal  striae  are  seen  beneath  the 
convolutions  which  rest  on  the  corpus  callosum.  These  are  the  strice  hngittidinales 
laterales  or  tcsnice  tectce.  The  under  surface  of  the  corpus  callosum  is  continuous 
behind  with  the  fornix,  being  separated  from  it  in  front  by  the  septum  lucidum, 
which  forms  a  vertical  partition  between  the  two  ventricles.  On  each  side  the 
fibres  of  the  corpus  callosum  extend  into  the  substance  of  the  hemispheres, 
connecting  them  together.  The  greater  thickness  of  the  two  extremities  of  this 
commissure  is  explained  by  the  fact  that  the  fibres  from  the  anterior  and  posterior 
parts  of  each  hemisphere  cannot  pass  directly  across,  but  have  to  take  a  curved 
direction. 

An  incision  should  now  be  made  through  the  corpus  callosum  on  either  side  of  the  raphe, 
when  two  large  irregular-shaped  cavities  will  be  exposed,  which  extend  through  a  great  part  of 
the  length  of  each  hemisphere.     These  are  the  lateral  ventricles. 

The  lateral  ventricles  are  serous  cavities,  formed  by  the  upper  part  of  the 
general  ventricular  space  in  the  interior  of  the  brain.  They  are  lined  by  a  thin 
diaphanous  lining  membrane  (the  ependyma\  covered  by  nucleated  epithelium, 
with  cilia  scattered  here  and  there  in  patches.  It  is  moistened  by  a  serous  fluid, 
which  is  sometimes,  even  in  health,  secreted  in  considerable  quantity.  These 
cavities  are  two  in  number,  one  in  each  hemisphere,  and  they  are  separated  from 
each  other  by  a  vertical  septum,  the  septum  lucidum. 

Each  lateral  ventricle  consists  of  a  central  cavity,  or  hody^  and  three  smaller 
cavities  or  cornua,  which  extend  from  it  in  different  directions.  The  anterior 
cornu  curves  forward  and  outward  into  the  substance  of  the  frontal  lobe.  The 
posterior  cornu,  called  the  digital  cavity^  curves  backward  into  the  occipital  lobe. 
The  middle  cornu  descends  into  the  temporo-sphenoidal  lobe. 

The  central  cavity^  or  body  of  the  lateral  ventricle,  is  triangular  in  form.  It 
is  bounded,  above,  by  the  under  surface  of  the  corpus  callosum,  which  forms  the 
roof  of  the  cavity.  Internally  is  a  vertical  partition,  the  septum  lucidum^  which 
separates  it  from  the  opposite  ventricle,  and  connects  the  under  surface  of  the 
corpus  callosum  with  the  fornix.  Its  floor  is  formed  by  the  following  parts, 
enumerated  in  their  order  of  position  from  before  backward :  the  corpus  striatum^ 
tcenia  semicircular  is  ^  optic  thalamus^  choroid  plexus^  fornix^  and  commencement 
of  its  corpus  fimbriatum. 

The  anterior  cornu  is  triangular  in  form,  passing  outward  into  the  frontal  lobe 
and  curving  round  the  anterior  extremity  of  the  corpus  striatum.  It  is  bounded, 
above,  by  the  corpus  callosum ;  below  and  externally,  by  the  corpus  striatum ;  and 
in  front,  by  the  reflected  portion  of  the  corpus  callosum. 

The  posterior  comu^  or  digital  cavity^  curves  backward  into  the  substance  of 
the  occipital  lobe,  its  direction  being  backward  and  outw^ard,  and  then  inward. 
On  its  inner  wall  is  seen  a  longitudinal  eminence,  which  is  produced  by  the 
extension  inward  of  the  calcarine  sulcus ;  this  is  called  the  hippocampus  mirior^ 
OT  calcar  avis.  Between  the  middle  and  posterior  horns' a  smooth  eminence  is 
observed  which  varies  considerably  in  size  in  different  subjects.  It  is  called 
the  eminentia  collateralis. 
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The  middle  or  deicending  comu,  the  largest  of  the  three,  traverses  the  middle 
lobe  of  the  brain,  forming  in  its  course  a  remarkable  curve  round  the  back  of  the 
optic  thalamus.  It  passes,  at  first,  backward,  outward,  and  downward,  and 
then  curves  round  the  crua  cerebri,  forward  and  inward,  nearly  to  the  point  of  the 
middle  lobe,  close  to  the  fissure  of  Sylvius.  Its  upper  boundary,  or  roof,  ia  formed 
by  the  fibres  of  the  corpus  callosum,  passing  downward  and  outward  into  the 
lemporo-aphenoidal  lobe,  with  which  are  incorporated  the  posterior  fibres  of  the 
DucleuB  caudatus  and  tfenia  aemicircularis,  which  are  prolonged  into  it.  Its  lower 
boundary,  or  floor,  presents  for  examination  the  following  parts :  the  hippocampus 
major,  peg  hippocampi,  eminentia  eollateralia  or  pet  acceeeoriut,  corpun  fimbriatum 
of  the  fornix,  choroid  plexug,  fa»eia  dentata,  transverse  fissure. 

The  coipue  striatum  has  received  its  name  from  the  striped  appearance  which 
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its  section  presents,  in  consequence  of  diverj^ing  white  fibres  being  mixed  with  the 
grsy  matter  which  forms  the  greater  part  of  its  substance.  The  greater  portion 
of  this  body  is  imbedded  in  the  white  substance  of  the  hemisphere,  and  is  there- 
fore external  to  the  ventricle.  It  is  termed  the  extraventrioular  portion,  or  the 
nueleia  kntiealaris ;  a  part,  however,  is  visible  in  the  ventricle  and  its  anterior 
comn ;  this  is  the  intraventricular  portion,  or  the  nucleus  caudatus.  The  intra- 
reotricular  portion  is  a  pear-shaped  mass  of  gray  matter:  its  broad  extremity  is 
directed  forward  into  the  fore  part  of  the  body  and  anterior  cornu  of  the  lateral 
ventricle;  its  narrow  end  is  directed  outward  and  backward,  and  lies  on  the  outer 
side  of  the  optic  thalamus,  and  is  continued  into  the  roof  of  the  descending  cornu ; 
it  is  covered  by  the  serous  lining  of  the  cavity  and  crossed  by  some  veins  of  con- 
siderable size.     It  is  separated  from  the  extraventricular  portion  by  a  lamina  of 


734  THE   NERVOUS  SYSTEM. 

vhite  matter,  which  is  called  the  internal  capiule,  in  contradistioction  to  a  lamina 
of  white  matter  which  covers  the  outer  surface  of  the  extra  ventricular  portion  nf 
the  corpus  striatum,  and  which  is  called  the  external  capsule.  The  internal  capsule 
is  formed  by  fibres  of  the  crusta  of  the  crus  cerebri,  supplemented  by  fibres  derived 
from  the  nuclei  on  each  side.  In  horizontal  section  it  is  seen  to  he  somewhat 
abruptly  curved,  with  its  convexity  inward;  the  prominence  of  the  curve  is  called 
the  genu,  and  projects  between  the  intraventricular  portion  of  the  corpus  striatum 
and  the  optic  thalamus  (Fig.  426).  The  extra  ventricular  portion  of  the  corpus 
striatum,  or  nuclens  lenticularis,  is  oval  in  form.  It  does  not  extend  as  far  forward 
or  backward  as  the  nucleus  caudatus.  It  is  bounded  externally  by  a  lamina  of 
white  matter  called  the  external  capsule,  which  is  covered  on  its  outer  surface 


l1  sceUon  through  the  oerebnim  at  the  level  of  the  dotled  1ln«  In  [he 
1  Ellis,  slier  Paltoii.i 

by  a  thin  layer  of  gray  matter  termed  the  elaustruni.  The  claustrum  presents 
ridges  and  furrows  on  its  outer  surface,  corresponding  to  the  convolutions  and 
sulci  of  the  island  of  Reil,  with  the  white  matter  of  which  it  is  in  immediate 
relation. 

The  tenia  semlcircnlaiis  is  a  narrow,  whitish,  semi-transparent  hand  of 
medullary  substance  situated  in  the  depression  between  the  nucleus  caudatus  and 
optic  thalamus.  Anteriorly,  it  descends,  in  connection  with  the  anterior  pillar  of 
the  fornix,  to  below  the  level  of  the  foramen  of  Monro,  where  it  enters  a  mass  of 
grav  matter,  the  luideus  amygdalce.  Behind,  it  is  continued  into  the  roof  of  the 
middle  or  descending  horn  of  the  lateral  ventricle,  and  is  lost  near  the  bottom  of 
the  cornua.  Beneath  it  is  a  large  vein  {vena  corporis  striati),  which  receives 
numerous  small  voins  from  the  surface  of  the  corpus  striatum  and  optic  thalamus, 
and  joins  the  vense  Galeni. 


THE  INTERIOR    OF   THE    CEREBRUM.  735 

The  choroid  plexus  is  a  highly  vascular,  fricge-like  membrane,  occupying  the 
margin  of  the  fold  uf  pia  mater  (velum  interposUum)  in  the  interior  of  the  brain. 
It  exlends,  in  a  curved  direction,  across  the  floor  of  the  lateral  ventricle.  In  front, 
where  it  is  small  and  tapering,  it  communicates  with  the  choroid  plexus  of  the 
opposite  side  through  an  oval  aperture,  the  foramen  of  Monro.  Posteriorly,  it 
descends  into  the  middle  horn  of  the  lateral  ventricle,  where  it  joins  with  the  pia 
mater  through  the  transverse  fissure.  In  structure  it  consists  of  minute  and 
highly  vascular  villous  processes,  composed  of  large  round  corpuscles,  containing, 
besides  it  central  nucleus,  several  yellowish  granules  and  fat-molecules,  and  covered 
by  a  single  layer  of  flattened  epithelium.     The  arteries  of  the  choroid  plexus  enter 
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the  ventricle  at  the  descending  cornu,  and,  after  ramifying  through  its  substance, 
send  branches  into  the  substance  of  the  brain.  The  veins  of  the  choroid  plexus 
terminate  in  the  venfe  Galeni. 

The  corpus  flmbriatnm  {ttmiia  hippocampi)  is  a  narrow,  white,  tape-like  band 
situated  immediately  behind  the  choroid  plexus.  It  is  the  thin  lateral  edge  of  the 
postei'ior  pillar  of  the  fornix,  and  is  attached  along  the  inner  border  of  the  hippo- 
campus major  as  it  descends  into  the  middle  horn  of  the  lateral  ventricle.  It  may 
be  traced  as  far  as  the  crochet  or  hook  of  the  uncinate  convolution. 

The  optic  thalamus  andfomij::  will  be  described  on  a  subsequent  page. 

The  middle  cornu  should  now  be  exposed  throughout  its  entire  extent,  by  inlroducing  the 
liiile  finger  gently  into  it,  and  cutting  outward  alonit  the  finger  through  the  substance  of  the 
kniispbere,  which  should  be  removed  to  an  extent  eufficient  to  e2|iose  tbe  entire  cavity. 

The  hippocunpoB  jn^or,  or  cornu  Ammonis  (Fig.  428),  so  called  from  its  resem- 
blance to  a  ram's  horn,  is  a  white  eminence,  of  a  curved  elongated  form,  extending 
throughout  the  entire  length  of  the  floor  of  the  middle  horn  of  the  lateral  ventricle. 
At  its  lower  extremity  it  becomes  enlarged,  and  presents  a  number  of  rounded 
elevations  with  intervening  deprpssiiins,  which,  from  presenting  some  resemblance 
to  the  paw  of  an  animal,  is  called  the  pes  hippocampi.  If  a  transverse  section 
is  made  through  the  hippo(!ani]hua   major  (Fig.  427),  it  will  be  seen  that  this 
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eminence  is  produced  by  the  extension  inw&rd  of  the  dentate  (hippocampal)  sulcus 
on  the  exterior  of  the  brain.  This  sulcus  is  filled  with  gray  substance,  which 
projects  along  the  free  margin  of  the  hippocampus  major,  forming  a  notched  ridge, 
\\i%  fascia  dentata.  The  hippocampus  is  covered  on  its  ventricular  surface  by  a 
thin  lamina  of  gray  matter,  which  is  continuous  with  the  corpus  fimbriatum  of 
the  fornix. 

The  enUnentia  collateralis,  or  pea  accessorins,  has  already  been  mentioned  as 
a  white  eminence,  varying  in  size,  placed  between  the  hippocampus  major  and 
hippocampus  minor,  at  the  junction  of  the  posterior  with  the  descending  comu. 
It  is  formed  by  the  protrusion  inward  of  the  collateral  fissure. 

Fascia  Dentata. — On  separating  the  inner  border  of  the  corpus  fimbriatum  from 
the  choroid  plexus,  and  raising  the  edge  of  the  former,  a  serrated  band  of  gray 
substance,  the  edge  of  the  gray  substance  in  the  dentate  fissure,  will  be  seen 
beneath  it:  this  is  the: fascia  dentata.  Correctly  speaking,  it  is  placed  external 
to  the  cavity  of  the  descending  cornu. 

The  transversfl  flssnre  is  of  a  horseshoe  shape,  extending  from  the  end  of 
the  descending  cornu  on  one  side  to  the  same  point  on   the  opposite  side.     Its 
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FtO.  42S.— Tniuverse  eectlon  of  the  middle  boni  of  the  laleral  ventricle.  (Froin  ft  drawing  by  Mr.  P.  A.  Barton.) 

horizontal  portion  (which  extends  from  the  commencement  of  the  descending 
comu  on  one  side  to  the  same  point  on  the  opposite  side)  is  bounded,  above,  by  the 
spleniura,  or  rounded  posterior  extremity  of  the  corpus  callosum  and  the  fornix; 
below,  by  the  corpora  quadrigemina,  pineal  gland,  and  the  posterior  extremity  of 
the  optic  thalamus.  Its  lateral  portions  curve  downward,  forward,  and  inward, 
and  are  bounded  above  by  the  crura  cerebri  and  optic  thalamus,  below  by  the 
hippocampus  major  and  the  corpus  fimbriatum  of  the  fornix.  Through  this  fissure 
the  pia  mater  passes  from  the  exterior  of  the  brain  into  the  ventricles,  to  form  the 
velum  interpositum  and  the  choroid  plexuses.  Where  the  pia  mater  projects  into 
the  lateral  ventricle,  beneath  the  edge  of  the  fornix,  it  is  connected  with  the  lining 
membrane  of  these  cavities,  so  as  to  exclude  all  communication  with  the  exterior 
of  the  brain. 

The  septum  Inddnm  (Fig.  431,  6)  forms  the  internal  boundary  of  the  lateral 
ventricles.  It  is  a  thin,  semi  transparent  septum,  attached,  above,  to  the  under 
surface  of  the  corpus  callosum ;  below,  to  the  anterior  part  of  the  fornix  ;  and, 
in  front  of  this,  to  the  reflected  portion  of  the  corpus  callosum.  It  is  triangular 
in  form,  broad  in  front,  and  narrow  behind,  its  surfaces  looking  toward  the  cavi- 
ties of  the  ventricles.  The  septum  consists  of  two  laminee,  separated  by  a  narrow 
interval,  the  Jiftk  ventricle. 
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Fifth  Ventride. — The  fifth  ventricle  was  originally  a  part  of  the  great  longi- 
tudinal fissure,  which  has  become  shut  off  by  the  union  of  the  hemispheres  in  the 
formation  of  the  corpus  callosum  above  and  the  fornix  below.  Its  walls  are  there- 
fore formed  by  the  median  wall  of  the  hemispheres,  and  consist  of  an  internal 
layer  of  gray  matter,  derived  from  the  gray  matter  of  the  cortex  and  an  external 
laver  of  white  substance  continuous  with  the  white  matter  of  the  cerebral  hemi- 
spheres.  This  is  lined  on  its  external  surface  by  the  ependyma  of  the  lateral 
ventricles.  The  fifth  ventricle  is  not  lined  by  epithelium.  In  the  foetus  and  in 
some  animals  this  space  communicates,  below,  with  the  third  ventricle,  but  in 
the  adult  it  forms  a  separate  cavity.  In  cases  of  serous  effusion  into  the  ven- 
tricles the  septum  is  often  found  softened  and  partially  broken  down. 

The  fifth  ventricle  may  be  exposed  by  cutting  through  the  septum  and  attached  portion 
of  the  corpus  callosum  with  scissors :  afler  its  examination  the  corpus  callosum  should  be  cut 
across,  toward  its  anterior  part,  and  the  two  portions  carefully  dissected,  the  one  forward,  the 
other  backward,  when  the  fornix  will  be  exposed. 

The  fornix  (Figs.  425,  431)  is  a  longitudinal  lamella  of  white  fibrous  matter 
situated  beneath  the  corpus  callosum,  with  which  it  is  continuous  behind,  but 
separated  in  front  by  the  septum  lucidum.  It  may  be  described  as  consisting  of 
two  symmetrical  halves,  one  for  either  hemisphere.  These  two  portions  are  joined 
together  in  the  middle  line,  where  they  form  the  body^  but  are  separated  from  one 
another  in  front  and  behind,  forming  the  anterior  and  posterior  crura. 

The  body  of  the  fornix  is  triangular ;  narrow  in  front,  broad  behind.  Its 
upper  surface  is  connected,  in  the  median  line,  to  the  septum  lucidum  in  front 
and  the  corpus  callosum  behind,  while  laterally  this  surface  forms  part  of  the 
floor  of  each  lateral  ventricle.  Its  under  surface  rests  upon  the  velum  interpositum, 
which  separates  it  from  the  third  ventricle,  and  the  inner  portion  of  the  optic 
thalami.     Its  outer  edge,  on  each  side,  is  in  contact  with  the  choroid  plexuses. 

The  anterior  crura  arch  downward  toward  the  base  of  the  brain,  separated 
from  each  other  by  a  narrow  interval.  They  are  composed  of  white  fibres,  which 
descend  through  a  quantity  of  gray  matter  in  the  lateral  walls  of  the  third  ven- 
tricle, and  are  placed  immediately  behind  the  anterior  commissure.  At  the  base 
of  the  brain  the  white  fibres  of  each  crus  form  a  sudden  curve  upon  themselves, 
and  spread  out  and  form  the  outer  part  of  the  corresponding  corpus  albicans^  from 
which  point  they  may  be  traced  upward  into  the  substance  of  the  corresponding 
optic  thalamus  (Fig.  431).  The  anterior  crura  of  the  fornix  are  connected  in  their 
course  with  the  peduncle  of  the  pineal  gland  and  the  superficial  fibres  of  the  taenia 
semicircularis,  and  receive  fibres  from  the  septum  lucidum. 

Between  the  anterior  crura  or  pillars  of  the  fornix  and  the  anterior  extremities 
of  the  optic  thalami  an  oval  aperture  is  seen  on  each  side :  this  is  the  foramen  of 
Monro  (Fig.  430).  The  two  openings  descend  toward  the  middle  line  and  lead 
into  the  upper  part  of  the  third  ventricle.  Through  these  openings  the  lateral 
ventricles  on  each  side  communicate  with  the  third  ventricle,  and  consequently 
with  each  other. 

The  posterior  crura,  at  their  commencement,  are  intimately  connected  by  their 
upper  surfaces  with  the  corpus  callosum ;  diverging  from  one  another,  they  pass 
downward  into  the  descending  horn  of  the  lateral  ventricle,  being  continuous  with 
the  concave  border  of  the  hippocampus  major.  The  lateral  thin  edges  of  the 
posterior  crura  have  received  the  nn^me  o{  corpus  fimbriatu7n.  Upon  examining 
the  under  surface  of  the  fornix,  between  its  diverging  posterior  crura,  a  triangular 
portion  of  the  under  surface  of  the  corpus  callosum  may  be  seen.  On  it  are  a 
number  of  lines,  some  transverse,  others  longitudinal  or  oblique.  This  portion 
bas  been  termed  the  lyra,  from  the  fancied  resemblance  it  bears  to  the  strings  of 
a  harp. 

Divide  the  fornix  across  anteriorly,  and  reflect  the  two  portions,  the  one  forward,  the  other 
backward,  when  the  velum  interpositum  will  be  exposed. 

The  velnm  interpositom  (Fig.  429)  is  a  vascular  membrane,  a  prolongation  from 
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the  pia  mater  into  the  interior  of  the  brain  through  the  transverse  fissure,  passing 
beneath  the  posterior  rounded  border  of  the  corpus  caJlosum  and  fornix,  and  above 
the  corpora  quadrigemina,  pineal  gland,  and  optic  thalami.  It  is  of  a  triangular 
form,  and  separates  the  under  surface  of  the  body  of  the  fornix  from  the  cavity  of 
the  third  ventricle.  Its  posterior  border  forms  an  almost  complete  investment  for 
the  pineal  gland,  Its  anterior  extremity,  or  apex,  is  bifid  :  each  bifurcation  has 
attached  to  it  the  anterior  extremity  of  the  choroid  plexus  of  the  lateral  ventricle 
through  the  foramen  of  Monro.  On  its  under  surface  are  the  choroid  plexutea  of 
the  third  ventricle.  To  its  lateral  margins  are  connected  the  choroid  plexuses  of 
the  lateral  ventricleB.     Of  the  arteries  of  the  velum  interpositum  some  branches 


Fia.  429.— The  fbrofx,  velum  Interpositum.  and  middle  ot  descending  cornu  of  the  lUer*!  venlricle. 

from  the  superior  cerebellar  and  posterior  cerebral  enter  from  behind  beneath  the 
corpus  callosum  ;  another  constant  branch,  the  anterior  choroid,  enters  the  velum 
interpositum  at  the  extremity  of  the  middle  horn  of  the  lateral  ventricle,  and 
supplies  this  structure  and  the  choroid  plexus.  The  veins  of  the  velum  interpositum, 
the  venic  Q-aleni,  two  in  number,  run  between  its  layers ;  they  are  formed  by  the 
vense  corporis  striati  and  the  veins  of  the  choroid  plexuses ;  the  vense  Galeni  unite 
posteriorly  into  a  single  trunk,  which  terminates  in  the  straight  sinus  (Fig.  383). 

The  velum  interpositum  should  now  be  removed.  This  muat  be  effected  carefully,  esperaatly 
at  its  posterior  part,  whert  it  invests  the  pineal  ^land  ;  the  optic  thalami  wit)  then  be  exposed, 
with  the  cavity  of  the  third  ventricle  between  them  (Fig,  430), 

The  optic  thalami  are  two  large  oblong  masses,  placed  between  the  diverging 
portions  of  the  corpora  striata  ;  they  are  of  a  white  color  superficially ;  internally 
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they  are  composed  chiefly  of  gray  matter.  Each  thalamus  rests  upon  its  corre- 
spoDdJDg  cms  cerebri,  which  it  embraces.  Externally,  it  is  separated  from  the 
corpus  striatum  by  the  teenia  semi  circular  is.  Internally,  it  forms  the  lateral 
boundary  of  the  third  ventricle,  and  running  along  its  upper  and  inner  border  ia 
seen  the  peduncle  of  the  pineal  gland.  Its  upper  surface  is  free,  being  partly  seen 
in  the  lateral  ventricle ;  it  is  partially  covered  by  the  velum  iuterpositum  and 
fornix,  and  marked  in  front  by  an  eminence,  the  anterior  tubercle.  Its  under  stir- 
face  is  united  with  the  tegmentum  of  the  crus  cerebri.  Its  posterior  extremity 
projects  above  the  level  of  the  corpora  quadrigemina  and  crus  cerebri,  and  inter- 
Dally  forms  a  well-marked  prominence,  the  posterior  tubercle  or  pulmnar,  and  below 
and  outside  this  it  presents  two  small  rounded  eminences,  the  internal  and  external 
geniculate  bodies.  Its  anterior  extremity,  which  is  narrow,  forms  the  posterior 
Iwnndary  of  the  foramen  of  Monro. 


fK-  13D.— The  third  uid  foarth  ventricles.   An  arrow  has  been  placed  In  the  poiilioD  of  the  foramen  of  Honro. 

The  Third  Ventricle  is  the  narrow  oblong  fissure  placed  between  the  optic 
thalami  and  extending  to  the  base  of  the  brain.  It  is  bounded,  above,  by  the 
under  surface  of  the  velum  iuterpositum,  from  which  are  suspended  the  choroid 
plexuses  of  the  third  ventricle.  Its  floor,  somewhat  oblique  in  its  direction,  is 
formed,  from  before  backward,  by  the  parta  which  are  contained  in  the  interpe- 
duncular space — viz.  the  lamina  cinerea,  the  tuber  cinereum  and  infundibulum, 
the  corpora  albicantia  and  the  locus  perforatus  posticus — and  behind  these  by  the 
tegmenta  of  the  crura  cerebri ;  its  sides  are  formed  by  the  optic  thalami,  along  the 
npper  and  inner  border  of  which  are  two  white  tracts,  one  on  each  side,  thepediin- 
cle»  of  the  pineal  gland.     It  is  bounded,  in   front,  by  the  anterior  crura  of  the 


740  THE  NERVOUS  SYSTEM. 

fornix  and  part  of  the  anterior  commissure ;  behind,  by  the  posterior  commissure 
and  the  iter  a  tertio  ad  quartum  ventriculum. 

The  cavity  of  the  third  ventricle  is  crossed  by  three  commissures,  named,  from 
their  position,  anterior ^  middle^  and  posterior. 

The  anterior  commissure  is  a  round  bundle  of  white  fibres,  placed  in  front  of 
the  anterior  crura  of  the  fornix,  and  appears  to  connect  together  tne  corpora  striati. 
It  passes  outward  through  the  corpus  striatum  on  each  side,  and  then  curves  back- 
ward into  the  substance  of  the  temporo-sphenoidal  lobe. 

The  middle  or  soft  commissure  consists  almost  entirely  of  gray  matter.  It 
connects  together  the  optic  thalami,  and  is  continuous  with  the  gray  matter  lining 
the  anterior  part  of  the  third  ventricle.  It  is  frequently  broken  in  examining  the 
brain,  and  might  then  be  supposed  to  be  wanting. 

The  posterior  commissure^  smaller  than  the  anterior,  is  a  flattened  white  band 
of  fibres,  and  appears  to  connect  together  the  optic  thalami  posteriorly.  It  con- 
sists of  decussating  fibres  which  come  from  the  tegmentum  of  the  crus  cerebri  on 
one  side,  and  pass  through  the  optic  thalami,  across  the  back  part  of  the  third 
ventricle,  to  the  white  substance  of  the  temporo-sphenoidal  lobe  of  the  other  side. 
Some  of  the  fibres  may  also  serve  as  commissural  fibres  between  the  optic  thai- 
ami.  It  bounds  the  third  ventricle  posteriorly,  above  the  opening  of  the  Sylvian 
aqueduct.  The  pineal  gland  is  placed  above  it  and  connected  to  its  upper 
surface. 

The  third  ventricle  has  four  openings  connected  with  it.  In  front  are  the  two 
oval  apertures  of  the  foramina  of  Monro,  one  on  each  side,  through  which  the 
third  communicates  with  the  lateral  ventricles.  Behind  is  a  third  opening,  leading 
into  the  fourth  ventricle  by  a  canal,  the  aqueduct  of  Sylvius,  or  iter  a  tertio  ad 
quartum  ventriculum.  The  fourth,  situated  in  the  anterior  part  of  the  floor  of  the 
ventricle,  is  a  deep  pit,  which  leads  downward  to  the  funnel-shaped  cavity  of  the 
infundibulum  (iter  ad  infundibulum).  A  fifth  opening  existed  in  the  foetus,  which 
communicated  behind  with  a  cavity  in  the  pineal  gland.  A  sixth  opening  also 
existed  in  the  foetus,  which  communicated  in  front  with  the  fifth  ventricle. 

The  lining  membrane  of  the  lateral  ventricles  is  continued  through  the 
foramen  of  Monro  into  the  third  ventricle,  and  extends  along  the  iter  a  tertio 
into  the  fourth  ventricle ;  at  the  bottom  of  the  iter  ad  infundibulum  it  ends  in  a 
cul'de-sac. 

The  foramen  of  Monro  is  a  foramen  bv  which  each  lateral  ventricle  communi- 
cates  with  the  third  ventricle.  It  is  formed  by  the  anterior  extremity  of  the 
body  of  the  fornix,  which,  dividing  into  its  two  crura,  arches  downward  in  front 
of  the  anterior  extremity  of  the  optic  thalami ;  the  crus  is  not,  however,  in  con- 
tact with  the  thalamus,  but  an  interval  is  left  between  the  two,  which  is  the  fora- 
men of  Monro.  Its  boundaries  are,  therefore,  in  front,  the  anterior  pillars  of  the 
fornix ;  behind,  the  anterior  extremity  of  the  optic  thalamus ;  above,  the  body  of 
the  fornix  ;  and  below,  the  groove  between  the  anterior  pillars  of  the  fornix  and 
the  optic  thalamus. 

Behind  the  third  ventricle,  and  in  front  of  the  cerebellum,  are  the  corpora 
quadrigemina,  and,  resting  upon  these,  the  pineal  gland. 

The  pineal  gland  (epiphysis  cerebri),  so  named  from  its  peculiar  shape  (pinuSj 
a  fir-cone),  is  a  small  reddish-gray  body,  conical  in  form  (hence  its  synonym, 
conarium)^  placed  immediately  behind  the  posterior  commissure  and  between  the 
nates,  upon  which  it  rests.  It  is  retained  in  its  position  by  a  duplicature  of  pia 
mater,  derived  from  the  under  surface  of  the  velum  interpositum,  which  almost 
completely  invests  it.  The  pineal  gland  is  about  four  lines  in  length  and  from 
two  to  three  in  width  at  its  base,  and  is  said  to  be  larger  in  the  child  than  in  the 
adult,  and  in  the  female  than  in  the  male.  Its  base  is  connected  to  the  cerebrum 
by  two  peduncles  (the  j)eduncles  of  the  pineal  gland),  which  pass  forward  upon 
the  upper  and  inner  margin  of  the  optic  thalami  to  the  anterior  crura  of  the  for- 
nix, with  which  they  become  blended;  these  two  peduncles  join  together  at  their 
posterior  extremity,  in  front  of  the  pineal  gland,  forming  a  sort  of  festoon,  and 
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the  base  of  tlie  eland  is  connected  to  their  posterior  margin  at  the  point  of  junc- 
tion.    In  front  the  band  of  union  is  joined  to  the  posterior  commissure. 

Stractnre. — The  pineal  giand  consists  of  a  number  of  follicles  lined  by  epithe- 
hum  and  connected  together  by  ingrowths  of  connective  tissue.  'Xhe  follicles 
contain  a  transparent  viscid  fluid,  and  a  quantity  of  sabulous  matter,  named 
acervulus  cembri,  composed  of  phosphate  and  carbonate  of  lime,  phosphate  of 
magnesia  and  ammonia,  with  a  little  animal  matter.  These  concretions  are 
almost  constant  in  their  existence,  and  are  found  at  all  periods  of  life.     When 
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this  body  is  solid  the  sabulous  matter  is  found  upon  its  surface,  and  occasionally 
upon  its  peduncles. 

On  the  removal  of  the  pineal  gland  and  adjacent  portion  of  the  pia  mater  the  corpora 
i|uadripemina  are  esposed. 

The  corpora  or  tubercnla  qoadrigemma  (■ipllc  lobes)  are  four  rounded  eminences 
placed  in  pairs,  two  in  front  and  two  behind,  and  separated  from  one  another  by 
acrncial  depression.  They  are  situated  immeiliately  behind  the  Ihiid  ventricle 
and  posterior  commissure,  and  beneath  the  posterior  border  of  the  corpus  cal- 
l'«um.  Below,  they  are  separated  in  the  middle  line  from  the  crura  cerebri  bv 
■iie  aqueduct  of  Sylvius,  but  on  each  side  are  continuous  with  the  tegmentum  of 
ihe  crura.  The  anterior  or  upper  pair,  the  nateg,  are  the  larger,  oblong  from 
hefore  backward,  and  of  a  gray  color.    The  posterior  or  lower  pair,  the  textes^  are 
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hemispherical  in  form,  and  lighter  in  color  than  the  preceding.  From  the  outer 
side  of  each  of  these  eminences  a  prominent  white  band,  termed  brachium,  is  con- 
tinued forward  and  outward.  Those  from  the  nates  (brachia  anterior  a)  are  the 
larger,  and  pass  obliquely  outward,  between  the  inner  and  outer  geniculate  bodies, 
into  the  optic  tract.  Those  from  the  testes  {brachia  posteriara)  pass  beneath  an 
oval  prominence,  the  internal  geniculate  body,  and  are  no  longer  traceable.  Both 
pairs,  in  the  adult,  are  quite  solid,  being  composed  of  white  matter  externally  and 

fray  matter  within.  These  bodies  are  larger  in  the  lower  animals  than  in  man. 
n  fishes,  reptiles,  and  birds  they  are  only  two  in  number,  are  called  the  optic 
lobeSy  from  their  connection  with  the  optic  nerves,  and  are  hollow  in  their 
interior ;  but  in  mammalia  they  are  four  in  number,  as  in  man,  and  quite  solid. 
In  the  human  foetus  they  are  developed  at  a  very  early  period,  and  form  a  large 
proportion  of  the  cerebral  mass ;  at  first  they  are  only  two  in  number,  as  in  the 
lower  vertebrata,  and  hollow  in  their  interior. 

These  bodies  are  connected  with  the  cerebellum  by  means  of  a  large  white 
cord  on  each  side,  the  processus  ad  testes,  or  superior  peduncles  of  the  cere- 
bellum, which  is  continued  onward  to  the  optic  thalami  through  the  tegmentum 
of  the  crus  cerebri.  Beneath  the  corpora  quadrigemina  some  fibres  from  it 
decussate  with  those  of  the  opposite  side  across  the  middle  line. 

Arching  over  these  peduncles  is  a  fiattish  band  of  white  fibres,  the  Jilletj 
which  issues  from  beneath  the  transverse  fibres  of  the  pons,  and  in  sections  of 
this  body  can  be  seen  lying  between  the  deep  transverse  fibres  and  the  reticular 
formation.  If  these  fibres  are  traced  upward  through  the  pons,  the  outer 
ones  will  be  seen  to  become  superficial  at  its  upper  border,  to  pass  obliquely  round 
the  superior  peduncle  of  the  cerebellum,  and  become  lost  in  the  quadrigeminal 
body,  while  the  inner  are  continued  upward  in  the  crus  to  the  cerebral  hemi- 
sphere. 

The  corpora  geniculata  are  two  small,  flattened,  oblong  masses,  placed  on  the 
under  and  back  part  of  each  optic  thalamus,  and  named,  from  their  positions, 
corpus  geniculatum  externum  and  internum.  The  two  bodies  are  separated  from  one 
another  by  one  of  the  roots  of  the  optic  tract,  the  brachia  anterior,  from  the  nates. 

Structure  of  the  Oerebrum. 

The  cerebrum,  like  the  other  parts  of  the  great  nerve-centre,  is  composed  of 
gray  and  white  matter.  In  order  to  give  some  general  idea  of  its  construction — at  all 
events,  in  part — it  may  be  compared,  for  the  sake  of  illustration,  to  a  tree,  the  trunk 
of  which  divides  into  two  main  branches,  and  these  break  up  into  smaller 
branches,  which  finally  end  in  twigs,  to  which  are  attached  the  leaves,  forming  an 
investment  to  the  branches  and  covering  the  whole  tree.  The  trunk  is  represented 
by  the  medulla  oblongata  as  it  passes  through  the  foramen  magnum ;  the  two 
main  branches,  by  the  crura  cerebri,  which  break  up  into  smaller  branches,  which 
diverge  from  each  other,  dividing  and  subdividing,  until  they  reach  the  surface 
of  the  hemispheres,  where  they  terminate  in  single  nerve-fibres,  to  which  are 
attached  the  basal  axial  cylinder  processes  of  the  nerve-cells,  represented  by  the 
leaves.  These  cells  are  arranged  on  the  surface,  resembling  a  cap  covering  the 
hemispheres,  and  constitute  the  cerebral  cortex.  But  here  the  analogy  ends,  for 
in  the  cerebrum  we  have,  in  addition  to  this  cortex,  other  masses  of  gray  matter 
situated  in  the  middle  of  the  brain,  and  other  white  fibres  besides  these  diverging 
ones  which  have  been  mentioned,  and  which  serve  either  to  connect  together 
the  two  hemispheres  of  which  the  cerebrum  consists  or  else  serve  to  connect 
different  structures  in  the  same  hemisphere. 

The  white  matter  of  the  cerebrum  consists  of  medullated  fibres,  varying  in 
size  and  arranged  in  bundles,  separated  by  neuroglia.  They  may  be  divided  into 
three  distinct  systems,  according  to  the  course  which  they  take :  1.  Diverging  or 
peduncular  fibres,  which  connect  the  hemispheres  with  the  medulla  oblongata  and 
cord.     2.  Transverse  commissural  fibres,  which  connect  together  the  two  hemi- 
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spheres.     3.  Commissural  fibres,  which  connect  different  structures  in  the  same 
hemisphere. 

1.  The  diverging  or  peduncular  fibres  consist  of  a  main  body,  which  originates 
in  the  cord  and  medulla  oblongata,  forms  the  longitudinal  fibres  of  the  pons,  and 
divides  into  two  main  branches,  which,  diverging  from  each  other,  constitute  the 
crura  cerebri  or  cerebral  peduncles.  In  the  crura  cerebri,  as  has  been  before 
described,  the  diverging  fibres  derived  from  the  longitudinal  fibres  of  the  pons 
Varolii  are  arranged  in  two  strata,  which  are  separated  by  the  locus  niger,  the 
anterior  or  superficial  stratum  forming  the  crusta  of  these  bodies,  and  the  posterior 
or  deeper  stratum,  the  tegmentum.  The  fibres  derived  from  these  two  sources 
take  a  different  course,  and  will  have  to  be  separately  considered. 

The  fibres  of  the  crttsta  are  derived  from  the  pyramid  of  the  medulla,  which 
fibres  are  continued  upward  through  the  pons  to  form  the  crusta ;  they  are 
reinforced  in  their  passage  through  the  crus  by  accessory  fibres  derived  from  the 
central  gray  matter  around  the  Sylvian  aqueduct  and  from  the  locus  niger.  When 
they  emerge  from  the  crus  (1)  some  of  the  fibres  pass  directly  upward  as  radiating 
fibres  to  the  gray  matter  of  the  cerebral  hemisphere,  forming  the  corona  radiata ; 
(2)  some  of  the  fibres  pass  to  the  internal  capsule,  between  the  nucleus  caudatus 
and  lenticularis,  where  they  give  off  fibres  to  these  ganglia  and  receive  others  from 
them,  and  then,  issuing  from  the  capsule,  diverge  to  form  a  part  of  the  corona 
radiata,  passing  to  the  cerebral  cortex.  The  fibres  which  arise  from  the  ganglia 
are  more  numerous  than  those  which  terminate  in  the  ganglia,  so  that  more  fibres 
pass  out  of  the  ganglia  than  pass  into  them. 

The  fibres  of  the  tegmentum  are  continuous  with  those  longitudinal  fibres  of 
the  pons  which  are  derived  from  the  formatio  reticularis  of  the  medulla,  which  is 
formed  by  fibres — (1)  from  the  anterior  column  of  the  cord ;  (2)  from  the  olivary 
body ;  (3)  from  the  lateral  column  of  the  cord ;  and  (4)  from  the  funiculus 
cuneatus  and  funiculus  gracilis.  They  are  reinforced  by  fibres  from  the  corpora 
quadrigemina  and  corpora  geniculata,  and  from  the  superior  peduncle  of  the 
cerebellum,  and  enter  the  optic  thalamus.  Some  of  these  fibres  pass  through  the 
optic  thalamus,  and,  being  augmented  by  other  fibres  arising  within  this  body,  pass 
out  of  it  and  spread  out  to  form  part  of  the  corona  radiata,  especially  joining  the 
ganglion-cells  of  the  cortex  of  the  temporo-sphenoidal  and  occipital  lobes;  other 
fibres  terminate  in  the  optic  thalamus. 

2.  The  transverse  commissural  fibres  connect  together  the  two  hemispheres. 
They  include  (a)  the  transverse  fibres  of  the  corpus  callosum ;  (b)  the  anterior 
commissure;  (c)  the  posterior  commissure. 

The  corpus  callosum,  which  has  already  been  described,  connects  together  the 
two  hemispheres  of  the  brain,  forming  their  great  transverse  commissure,  petie- 
trating  into  the  substance  of  the  convolutions  and  intersecting  the  fibres  of  the 
corona  radiata. 

The  anterior  commissure  is  a  round  bundle  of  white  fibres  which  is  placed  in 
front  of  the  anterior  crura  of  the  fornix,  and  appears  to  connect  the  corpora  striata. 
It  passes  outward  through  the  corpus  striatum  on  each  side,  and  then  curves 
backward  into  the  substance  of  the  temporo-sphenoidal  lobe. 

The  posterior  commissure,  smaller  than  the  anterior,  is  a  flattened  white  band 
of  fibres,  which  appears  to  connect  together  the  optic  thalami  posteriorly.  It  consists 
of  decussating  fibres  which  come  from  the  tegmentum  of  the  crus  cerebri  on  one 
side,  and  pass  through  the  optic  thalamus,  across  the  back  part  of  the  third  ventricle, 
to  the  white  substance  of  the  temporo-sphenoidal  lobe  of  the  other.  Some  of  the 
fibres  may  also  serve  as  commissural  fibres  between  the  optic  thalami. 

3.  Commissural  Fibres  connecting  Different  Structures  in  the  Same  Hemisphere. 
— These  fibres  are  of  two  kinds :  (1)  those  which  connect  adjacent  convolu- 
tions, and  which  are  termed  arcuate  or  association  fibres ;  (2)  those  which  con- 
nect more  distant  parts  in  the  same  hemisphere — the  longitudinal  or  collateral 
fibres. 

The  arcuate  or  association  fibres  are  situated  immediately  beneath  the  gray 
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substance  of  the  cortex  of  the  hemispheres,  and  connect  together  adjacent  con- 
volutions. 

The  longitudinal  or  collateral  fibres  include  the  following :  (a)  the  uncinate 
fasciculus ;  (6)  the  fillet  of  the  gyrus  fornicatus ;  {c)  the  longitudinal  fibres  of  the 
corpus  callosum;  {d)  the  taenia  semicircularis ;  {e)  the  fornix;  (/)  the  inferior 
longitudinal  fasciculus. 

(a)  The  uncinate  fasciculus  connects  the  convolutions  of  the  frontal  and 
temporo-sphenoidal  lobe.  It  passes  across  the  bottom  of  the  Sylvian  fissure  and 
traverses  the  claustrum. 

(J)  The  fillet  of  the  gyrus  fornicatus  is  a  band  of  white  matter  which  encircles 
the  hemisphere  in  an  antero-posterior  direction,  lying  in  the  substance  of  the  con- 
volution of  the  corpus  callosum.  Commencing  in  front  at  the  anterior  perforated 
space,  it  passes  forward  and  upward  parallel  with  the  rostrum,  winds  round 
the  genu,  runs  in  the  convolution  from  before  backward,  immediately  above  the 
corpus  callosum,  turns  round  its  posterior  extremity,  and  is  continued  downward 
and  forward  in  the  temporo-sphenoidal  lobe  to  again  reach  the  perforated  space. 
In  its  course  it  is  connected  with  the  secondary  convolutions  of  the  gyrus  fornicatus 
by  short  arcuate  fibres. 

{c)  The  longitudinal  fibres  of  the  corpus  callosum^  or  nerves  of  Lancisci^  connect 
the  anterior  and  posterior  extremities  of  the  gyrus  fornicatus  or  convolution  of 
the  corpus  callosum. 

{d)  The  tcenia  semicircularis  is  a  narrow  whitish,  semi  transparent  band,  of 
medullary  substance,  situated  in  the  depression  between  the  nucleus  caudatus  and 
the  optic  thalamus.  Anteriorly,  it  descends  in  connection  with  the  anterior  pillar 
of  the  fornix  to  below  the  level  of  the  foramen  of  Monro,  where  it  enters  a  mass 
of  gray  matter,  the  nucleus  amygdalce  ;  behind,  it  is  continued  into  the  roof  of  the 
middle  or  descending  horn  of  the  lateral  ventricle,  and  is  lost  near  the  bottom  of 
the  cornua. 

(e)  T\i^  fornix  connects  the  optic  thalamus  with  the  hippocampus  major  and 
uncinate  convolution.  It  has  already  been  described  as  arising  from  the  gray 
matter  of  the  optic  thalamus ;  it  then  emerges  from  the  under  surface  of  this 
body,  forms  the  corpus  albicans,  where  the  fibres  are  arranged  in  loops,  between 
which  nerve-cells  are  to  be  found :  it  then  passes  upward  into  the  third  ventricle 
and  joins  with  the  fibres  of  the  other  side  forming  the  body  of  the  fornix ;  from 
this  the  posterior  pillars  diverge,  and,  entering  the  middle  cornu  of  the  lateral 
ventricle,  part  of  its  fibres  are  distributed  to  the  hippocampus  major,  and  the 
remainder  end  as  the  tjenia  hippocampi  or  fimbria,  which  is  continued  as  a  distinct 
piece  to  the  crochet  or  uncus  of  the  uncinate  convolution. 

(/)  The  inferior  longitudinal  fasciculus  is  a  collection  of  fibres  which  connects 
the  temporo-sphenoidal  and  occipital  lobes,  running  along  the  outer  wall  of  the 
middle  and  posterior  cornu. 

The  gray  matter  of  the  cerebrum  is  disposed  in  three  great  groups:  1.  The 
gray  matter  of  the  cerebral  cortex.  2.  The  gray  matter  of  the  basal  ganglia ; 
that  is,  the  great  ganglia  of  the  base  of  the  cerebrum.  3.  The  gray  matter  which 
lines  the  internal  surface  of  the  upper  part  of  the  cerebro-spinal  tube ;  that  is,  the 
remains  of  the  cavity  in  the  original  vesicles  from  which  the  brain  was  formed, 
and  which  constitutes  the  central  cavities  of  the  organ. 

1.  The  gray  matter  of  the  cortex  (Fig.  432)  invests  the  surface  of  the  hemi- 
spheres and  gives  them  external  form.  When  vertical  sections  are  made  through 
it  and  examined  microscopically,  it  is  found  to  consist  of  five  separate  layers, 
but  to  this  there  are  some  exceptions.  According  to  Meynert  these  exceptions 
are  to  be  found :  (1)  in  the  posterior  portion  of  the  occipital  lobe ;  (2)  in  the 
gray  cortex  of  the  hippocampus  major ;  (3)  in  the  wall  of  the  fissure  of  Sylvius ; 
and  (4)  in  the  olfactory  bulb.     The  five  layers  in  the  common  type  are  as  follows : 

(1)  The  first  layer  is  principally  composed  of  a  matrix  or  neuroglia,  through  which 
a  few  small  ganglion-cells  are  irregularly  distributed,  and  a  nerve-fibre  network. 

(2)  The  second  layer  consists  of  numerous  small  pyramidal  cells,  which  have  their 
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long  axes  vertical  to  the  surface  of  the  convolutions,  and  are  closely  aggregated 
tiigether  so  as  to  completely  fill  the  layer  with  a  number  of  closely  compressed  cells. 
(3)  The  third  layer  is  named  by  Meynert  t\iQ  formation  of  the  cornu  Ammonts,  as 
it  is  made  up  of  ceils,  which  are  the  only  mor- 
phological element  found  in  this  part.  It  con- 
sists of  the  same  sort  of  pyramidal  cells,  arranged 
vertically  to  the  surface,  as  was  found  in  the  pre- 
ceding layer,  but  they  are  of  very  much  larger 
size,  and  increase  progressively  toward  the  deeper 
parts  of  the  layer,  and  they  are  much  more  widely 
separated  from  each  other.  This  layer  is  the 
principal  and  broadest  one  of  the  series,  and  is  at 
least  twice  as  deep  as  the  preceding  layer.  (4)  The 
fourth  layer  is  termed  the  granular  formation  by 
Meynert,  and  consists  of  numerous  small,  irregular, 
rarely  triangular  or  elongated  cells,  which  resemble 
the  nerve-corpuscles  found  in  ihe  internal  granule 
layer  of  the  retina,  and  which  are  closely  aggre- 
gated together.  (5)  The  fifth  layer  is  termed  the 
i-lamtral  formation,  and  consists  of  a  very  large 
proportion  of  spindle-shaped  cells,  which  are  the 
peculiar  elements  of  this  layer.  They  are  espe- 
cially numerous  in  the  inner  half,  and  are  arranged 
horizontally,  extending  parallel  to  the  surface. 
They  have  received  their  name  from  the  fact  that 
ibe  claustrum  is  made  up  almost  entirely  of  an 
accumulation  of  these  cells.  It  will  be  seen, 
therefore,  that  the  differences  in  these  layers 
depend  upon  the  varying  form  and  size  of  the 
cells  and  the  closeness  of  their  arrangement,  and 
that  the  typical  form  of  cell,  and  the  only  one 
nhich  is  admitted  by  some  observers,  is  the  pyra- 
midal cell  or  nerve-corpuscle. 

Cliaracter  of  the  Pyramidal  Cell  or  Nerve-cor- 
pasclt. — These  nerve-corpuscles  are  destitute  of 
a  cell-wall ;  they  present  a  nucleus,  sometimes 
round  or  oval,  sometimes  angular,  and  give  off 
many  processes.  One  of  these,  which,  in  the  cells 
arranged  vertically  to  the  surface,  projects  outward 
and  is  named  the  process  of  the  apex,  is  strong  and 
branched,  and,  according  to  Cleland.  is  continuous 
with  the  nerve-fibre  network  in  the  first  or  super- 

fieial  layer  of  the  cortex.  Another  process  pro-  co^^i'^ili?,"^"'"^"'""™"'"" 
jects  inward    toward    the    white   matter   of   the 

hemisphere  and  from  the  opposite  extremity  of  the  cell.  It  is  termed  the  proceia 
"f  Ihe  centre  of  ihe  base.  It  is  more  slender  than  the  preceding  and  remains 
unbranched.  It  is  an  axis-cylinder  process,  and,  becoming  invested  with  a 
medullary  sheath,  constitutes  a  nerve-fibre,  extending  into  the  central  white 
mailer.  In  addition  to  these,  lateral  processes  are  given  off.  forming  the  proei-sscs 
"f  the  basal  angle,  which  can  be  traced  for  a  longer  or  shorter  distance,  and 
break  up  into  a  network  of  extremely  minute  nerve-fibres. 

Special  Types  of  Ihe  Graii  Matter  of  the  Cortex. — The  special  types  of  gray  mat- 
ter of  the  cortex  are  the  following:  (1)  On  the  posterior  portion  of  the  occipital 
lobe  the  gray  matter  consists  of  eight  layers.  This  is  produced  by  the  intercalation 
of  intermediate  granule  layers,  similar  to  those  forming  the  fourth  layer  of  the  typical 
cortex.  (2)  In  the  gray  matter  of  the  cortex  of  the  hippocampus  major  or  cornu 
Amraonis  pyramidal  cells  are  alone  found,  such  as  have  been  described  in  the 
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third  layer  of  the  typical  cortex.  This  constitutes  the  greater  part  of  the  structure 
in  this  situation,  the  fourth  and  fifth  layers  being  absent  and  the  second  layer 
containing  no  cells.  (3)  In  the  wall  of  the  Sylvian  fissure  the  gray  matter  is 
termed  the  claustrum  ;  it  separates  the  white  matter  of  the  convolutions  of  the 
island  of  Reil  from  the  external  capsule  of  the  corpus  striatum.  This  presents 
peculiarities  of  structure,  consisting  mainly  of  spindle-shaped  cells,  such  as  consti- 
tute the  fifth  layer.  (4)  In  the  olfactory  bulb,  which  may  be  regarded  as  a  portion 
of  the  cerebral  hemispheres,  forming  "  a  cap  superimposed  upon  a  conical  process 
of  the  cerebrum,"  is  another  variety  of  structure,  differing  from  the  type  of  the 
cortex  of  the  hemispheres.  The  bulb  consists  of  both  gray  and  white  matter,  and 
sometimes  retains  a  central  cavity  lined  by  epithelium.  The  lower  part  is  gray 
matter,  and  consists  of  the  following  layers  from  below  upward :  (1)  The  olfactory 
nerve-layer^  consisting  of  a  layer  of  non-meduUated  nerve-fibres  derived  from 
the  nerves  which  supply  the  olfactory  region.  (2)  The  stratum  glomerulosum, 
consisting  of  nodulated  masses,  containing  small  nuclear  cells  and  a  convoluted 
olfactory  nerve-fibre  amongst  the  cells.  (3)  The  stratum  gelatinosum,  consisting 
of  pyramidal  or  spindle-shaped  nerve-cells  and  a  fine  network  of  nerve-fibre. 
(4)  The  granular  layer,  consisting  of  small  irregular  nerve-cells  resembling  the 
fourth  layer  of  the  cerebrum  or  the  granular  layer  of  the  retina. 

2.  The  Gray  Matter  of  the  Basal  Ganglia. — The  great  ganglia  of  the  base  of 
the  brain  are  the  corpus  striatum,  the  optic  thalamus,  the  corpora  quadrigemina, 
the  corpora  geniculata,  and  the  locus  niger.  Only  a  part,  however,  of  the  gray 
matter  of  the  corpora  quadrigemina — that  found  on  the  periphery  of  this  body — 
belongs  to  this  group ;  the  remainder,  that  contained  in  its  centre  around  the 
Sylvian  aqueduct,  belongs  properly  to  the  third  group,  which  will  be  discussed 
immediately. 

The  corpus  striatum  presents  two  distinct  and  separate  masses,  the  nucleus 
caudatus,  which  is  the  intraventricular  portion  of  the  corpus  striatum,  and  the 
nucleus  lenticularis,  which  is  the  extra  ventricular  portion.  The  two  are  separated 
from  each  other  by  a  distinct  lamina  of  white  matter,  the  internal  capsule,  which 
also  separates  the  nucleus  lenticularis  from  the  outer  part  of  the  optic  thalamus. 
The  gray  matter  of  the  corpus  striatum  is  permeated  by  tracts  of  meduUated  nerve- 
fibres,  some  of  which  probably  originate  in  it,  though  the  actual  connection  of  the 
nerve-fibres  with  the  cells  has  not  been  demonstrated.  The  nerve-cells  are  multi- 
polar, both  large  and  small,  the  larger  being  principally  found  in  the  lenticular 
nucleus. 

The  optic  thalamus  is  chiefly  formed  of  gray  matter,  covered  over  by  a  super- 
ficial layer  of  white,  which  on  the  outer  side  separates  it  from  the  internal  capsule. 
The  gray  matter  is  arranged  in  two  masses,  the  outer  and  inner  nuclei,  partially 
divided  by  a  vertical  white  septum.  It  is  traversed  by  numerous  nerve-fibres, 
which  for  the  most  part  have  no  definite  direction ;  some,  however,  converge  and 
form  a  bundle  which  passes  downward  to  form  the  anterior  root  of  the  fornix.  It 
contains  comparatively  large  nerve-cells,  both  multipolar  and  fusiform.  The  inner 
nucleus  is  connected  across  the  middle  line  with  the  inner  nucleus  of  the  opposite 
side  by  the  middle  commissure  of  the  third  ventricle,  which,  however,  belongs  to 
the  third  group  of  gray  matter. 

The  corpora  quadrigemina  consist  of  two  distinct  and  separate  collections  of 
gray  matter,  one  at  or  near  the  surface,  which  belongs  to  the  basal  ganglia,  and 
one  in  the  centre  around  the  aqueduct  of  Sylvius.  The  former  will  only  be 
considered  at  present.  The  peripheral  gray  matter  of  the  corpora  quadrigemina 
differs  somewhat  in  the  posterior  and  anterior  lobes.  The  posterior  lobes  or  testes 
are  composed  almost  entirely  of  gray  matter,  covered  over  by  a  thin  stratum  of 
white  matter,  and  separated  from  the  central  gray  matter  by  tracts  of  transverse 
white  fibres  derived  from,  and  forming  part  of,  the  fillet.  The  anterior  lobes  or 
nates  are  covered  superficially  by  a  thin  stratum  of  white  matter ;  beneath  this  is 
a  layer  of  gray  matter,  termed  the  stratum  cinereum,  and  consisting,  as  well  as  the 
gray  matter  of  the  posterior  lobes,  of  small  multipolar   cells  imbedded  in  a  fine 
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network  of  nerves.  Beneath  this,  again,  is  a  characteristic  mass  of  gray  matter, 
termed  the  stratum  opticum^  which  is  made  up  of  fine  nerve-fibres,  coursing  in  a 
longitudinal  direction,  and  containing  between  them  small  masses  of  gray  substance, 
consisting  of  small  multipolar  nerve-cells  imbedded  in  gray  matter.  Lastly, 
between  this  body  and  the  central  gray  matter  around  the  Sylvian  aqueduct  is  a 
thin  lamina  of  white  matter,  derived  from  the  fillet. 

The  geniculate  bodies  are  continuous  with  the  gray  substance  of  the  optic 
thalamus,  and  the  external  one  {corpus  geniculatum  externum)  is  peculiar  on 
account  of  its  dark  color,  due  to  its  cells  containing  pigment.  It  presents 
a  laminated  arrangement,  and  consists  of  alternate  thick  layers  of  gray 
matter  and  thin  layers  of  white  matter.  Its  cells  are  multipolar.  The 
internal  body  {corpus  geniculatum  internum)  is  of  lighter  color,  does  not  present 
a  laminated  arrangelnent,  and  its  cells  are  smaller  in  size  and  fusiform  in 
shape. 

The  locus  niger^  or  gray  matter  of  the  crus  cerebri,  like  the  external  geniculate 
body,  is  peculiar  from  the  large  amount  of  dark  pigment-granules  which  are 
contained  in  its  ganglion-cells,  and  which  give  to  it  its  dark  color,  from  which  it 
has  derived  its  name.     Its  cells  are  small  and  multipolar. 

3.  The  central  gray  matter  of  the  cerebrum  lines  the  upper  part  of  the 
cerebro-spinal  tube,  which  is  the  remains  of  the  cavity  in  the  original  vesicles  from 
which  the  brain  was  formed,  and  is  continuous  with  the  gray  matter  of  the  floor  of 
the  fourth  ventricle,  and  through  it  with  the  gray  matter  of  the  cord.  This  central 
gray  matter  is  found  lining  the  aqueduct  of  Sylvius,  by  which  the  third  communi- 
cates with  the  fourth  ventricle ;  it  covers  the  inner  wall  of  each  optic  thalamus, 
forming  the  middle  or  gray  commissure  of  the  third  ventricle ;  it  also  lines  the 
floor  of  the  third  ventricle ;  it  covers  behind  the  upper  surface  of  the  tegmentum 
of  the  crus,  and  in  front  it  approaches  the  surface  of  the  brain,  forming  the  posterior 
perforated  space  and  lamina  cinerea.  It  forms  also  the  tuber  cinereum  and 
the  infundibulum,  and  in  the  lower  vertebrata,  especially  fishes,  the  posterior  lobe 
of  the  pituitary  body.  In  the  higher  vertebrates  this  lobe  does  not  present  any 
nervous  structure,  being  encroached  upon  and  obliterated  by  an  ingrowth  of  con- 
nective tissue  and  vessels. 

The  gray  matter  surrounding  the  Sylvian  aqueduct,  which  has  been  before 
mentioned  as  the  central  gray  matter  of  the  corpora  quadrigemina,  presents 
some  features  requiring  especial  mention.  It  forms  a  tolerably  thick  layer 
surrounding  the  canal,  but  is  thicker,  on  the  lower  wall — that  is,  below  the 
canal — than  above.  The  cells,  which  are  multipolar,  are  here  collected  into 
groups,  and  form  nuclei  for  the  origin  of  the  third  and  fourth  cranial  nerves.  The 
nucleus  for  the  third  and  fourth  consists  of  a  column  of  cells  of  large  size  on 
either  side  of,  and  close  to,  the  median  line.  In  addition  to  these  cells  there  are 
found  at  the  periphery  of  the  zone  of  gray  matter  surrounding  the  aqueduct  some 
other,  and  larger,  cells,  sometimes  single,  sometimes  grouped  in  twos  or  threes, 
or  even  more.  They  are  globular,  and  lie  in  the  midst  of  well-marked  nerve-fibres, 
with  which  their  processes  appear  to  be  continuous. 

The  Oerebellum. 

The  Oerebellum,  or  little  brain,  is  that  portion  of  the  encephalon  which  is 
contained  in  the  inferior  occipital  fossae.  It  is  situated  beneath  the  occipital  lobes 
of  the  cerebrum,  from  which  it  is  separated  by  the  tentorium.  In  form  the 
cerebellum  is  oblong,  and  flattened  from  above  downward,  its  great  diameter 
being  from  side  to  side.  It  measures  from  three  and  a  half  to  four  inches  trans- 
versely, and  from  two  to  two  and  a  half  inches  from  before  backward,  being  about 
two  inches  thick  in  the  centre,  and  about  six  lines  at  the  circumference,  which  is 
the  thinnest  part.  It  consists  of  gray  and  white  matter:  the  former,  darker  than 
that  of  the  cerebrum,  occupies  the  surface ;  the  latter,  the  interior.  The  surface  of 
the  cerebellum  is  not  convoluted  like  the  cerebrum,  but  traversed  by  numerous 
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curved  faiTows  or  snlci,  which  vary  in  depth  at  different  parts,  and  6qan::  :- 
laminiB  of  which  ite  ext«rior  is  composed. 

Weight  of  the  Ceiebellnm, — Its  average  weight  in  the  male  is  o  ois.  4  >1>  ; 
attains  its  maximum  weight  between  the  twenty-fifth  and  fortieth  year,  \ti  'vhk:-.- 
in  weight  after  the  fourteenth  year  being  relatively  greater  in  ilie  femdeTLr. 
the  male.  The  proportion  between  the  cerebellum  and  cerebrum  is,  in  ibeni;-, .. 
1  to  8f ;  and  in  the  female,  as  1  to  8J.  In  the  infant  the  cerebellum  ispr: 
tionately  much  smaller  than  in  the  adult,  the  relation  between  it  and  ihectrt!:., 
being,  according  to  Cbaussier,  between  1  to  13  and  1  to  26 ;  by  Crareilhiet  *: 
proportion  was  found  to  be  1  to  20. 

Lobea  of  the  Cerebellnm. — The  cerebellum  is  divided  into  an  upperiDdil  - 
portion  by  the  great  horizontal  fissure,  which  commences  in  front  at  the  yi^.  a 
passes  horizontally  round  the  free  margin  of  the  hemisphere  to  the  miiile '..: 
behind.  From  this  primary  fissure  numerous  secondary  fissures  proceed,  w: 
separate  the  cerebellum  into  lobes. 

Its  upper  surface  (Fig.  433)  is  somewhat  elevated  in  the  median  linf.  ■ 
sloped  toward  its  circumference;  it  consists  of  two  lateral  hemispheres, conne.- 


ttrebtUi  potterior. 
Via.  433.— Upper  saittce  of  the  ceiebellum. 

together  by  an  elevated  median  portion  or  lobe,  the  xuperior  vermiform  pr'y--'^ 
The  median  lobe  is  the  fundamental  part,  and  in  some  animals,  us  &ihei  '>> 
reptiles,  the  only  part  which  exists,  the  hemispheres  being  additions,  and  attain:^: 
their  maximum  size  in  man.  The  hemispheres  are  separated,  in  froDt,  biJ 
deep  notch,  the  inciaura  cereheUi  anterior,  which  encircles  the  posterior  psni 
the  corpora  quadrigemina ;  they  are  also  separated  by  a  similar  notch  beliin'i 
the  ineisura  cerebelli  posterior,  in  which  is  received  the  upper  part  of  the  fnh  ce;^ 
belli.  The  superior  vermiform  process  (upper  part  of  the  median  lobeof  tbeit^- 
bellum)  extends  from  the  notch  on  the  anterior  to  that  on  the  posterior  bnriler. 

Upon  the  upper  surface  of  each  hemisphere  there  are  two  lobes,  separaleJf'"' 
each  other  by  a  lissure.  These  are  the  anterior  or  square  lobe,  which  ejiepJ.-!^ 
far  back  as  the  posterior  edge  of  the  vermiform  process ;  and  the  potteri"'  ■■ 
semilunar  lobe,  which  passes  from  the  termination  of  the  preceding  to  tbegf'J' 
horizontal  fissure. 

The  under  surface  of  the  cerebellum  (Fig.  434)  is  subdivided  into  two  laleni 
hemispheres  by  a  depression,  the  vallecula  or  valley,  which  extends  f^o^l^lff■^ 
backward  in  the  middle  line.  These  lateral  hemispheres  are  lodged  in  the  inf'; 
rior  occipital  fossse;  the  median  depression,  or  valley,  receives  the  back  pir'"' 
the  medulla  oblongata,  ia  broader  in  the  centre  than  at  either  extremitt,  andte 


THE   CEREBELLUM.  749 

projectiDgfrom  its  floor  part  of  the  median  lobe  of  the  cerebellum,  called  the  ziifmor 
vermiform  procest. 

Upon  the  under  surface  of  each  hemisphere  there  are  five  lobes,  separated  by 
sulci ;  these  are,  from  before  backward,  (1)  the  fioceulus  or  subpedvncular  lobe,  a 
prominent  tuft  situated  behind  and  below  the  middle  peduncle  of  the  cerebellum ; 
its  surface  is  composed  of  gray  matter,  subdivided  into  a  few  small  taminse ;  it  is 
sometimes  called  the  pneumoyastric  lobule,  from  being  situated  behind  the  pneu- 
mogastric  nerve:  (2)  the  amygdala  or  tonsil,  situated  on  either  side  of  the  great 
median  fissure  or  valley,  and  projecting  into  the  fourth  ventricle:  (8)  the  digas- 
tric lobe,  situated  on  the  outside  of  the  tonsil,  and  connected  in  part  with  the 
pyramid :  (4)  the  slender  lobe,  behind  the  digastric,  and  connected  with  the  back 
part  of  the  pyramid  and  the  commissura  brevis,  and,  more  posteriorly,  (5)  the  infe- 
rior posterior  lobe,  which  also  joins  the  commissura  brevis  in  the  valley. 


Fig.  4S4.— Under  aurtecc  of  the  cerebeUuin. 

The  Infbriot  Vermiform  Process. — The  parts  entering  into  the  composition  of 
the  inferior  vermiform  process,  from  behind  forward,  are— the  tuber  valvules  or 
commissura  brevis,  a  transverse  lamina  uniting  the  inferior  posterior  and  slender 
lobes  of  the  two  sides ;  in  front  of  this,  a  laminated  conical  projection,  the  pyra- 
mid ;  more  anteriorly,  a  larger  eminence,  the  uvula,  which  is  placed  between  two 
rounded  lobes,  the  amygdalix  or  tonsils,  which  occupy  the  sides  of  the  valley,  and 
which  is  connected  with  them  by  a  commissure  of  gray  matter,  indented  on  the 
surface,  called  the  furrowed  band.  In  front  of  the  uvula  is  the  nodule ;  it  is  the 
anterior  pointed  termination  of  the  inferior  vermiform  process,  and  projects  into 
the  cavity  of  the  fourth  ventricle ;  it  haa  been  named  by  Malacarne  the  laminated 
tubercle.  On  each  side  of  the  nodule  is  a  thin  layer  of  white  substance,  attached 
externally  to  the  flocculus,  and  internally  to  the  nodule;  these  form  together  the 
posterior  medullary  velum,  or  commissure  of  the  flocculus.  It  is  usually  covered 
in  and  concealed  by  the  amygdalse,  and  cannot  be  seen  until  they  are  drawn  aside. 
This  band  is  of  a  semilunar  form  on  each  side,  its  anterior  margin  being  free  and 
concave,  its  posterior  attached  just  in  front  of  the  furrowed  band.  Between  it 
and  the  nodule  and  uvula  behind  is  a  deep  fossa  called  the  swallow'i  nest  {nidus 
kimndinis).  I 

Internal  Stmctnre  of  the  Cerebellum. — The  cerebellum  consists  both  of  white 
and  gray  matter. 

If  a  vertical  section  {Fig.  43.'i)  is  made  through  either  hemisphere  of  the  cere- 
bellum, midway  between  its  centre  and  the  superior  vermiform  process,  the  inte- 
rior will  be  found  to  consist  of  a  central  stem  6{  white  matter,  which  contains  in 
its  interior  a  gray  mass,  the  corpux  dentatum.  From  the  surface  of  this  central 
stem  a  series  of  plates  of  medullary  matter  are  detached,  which,  covered  with 
gray  matter,  form  the  laminse.     From  the  anterior  part  of  each  hemisphere  arise 
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three  large  processes  or  peduncles — superior,  middle,  and  inferior — by  which  the 
cerebellum  is  connected  with  the  rest  of  the  encephaloo. 

The  white  matter  includes  two  varieties  of  nerve-matter;  (1)  t\ie peduncular 
fibres,  which  are  directly  continuous  with  the  fibres  of  the  peduncles  of  the  cere- 
bellum ;  (2)  the  fibres  [fibrce  •proprice)  proper  to  the  cerebellum  itself. 

The  peduncles  of  the  cerebellum — superior,  middle,  and  inferior — serve  to  con- 
nect it  with  the  rest  of  the  encephalon. 

The  superior  peduncles  (processus  e  cerehello  ad  testes)  arise  from  the  middle 
of  the  white  matter  of  the  cerebral  hemispheres;  they  run  beneath  the  testes  of 
the  corpora  quadrigemina,  and.  emerging  at  its  posterior  border,  pass  outward  and 
backward  to  the  cerebellum.  Each  peduncle  forms  the  upper  part  of  the  lateral 
boundary  of  the  fourth  ventricle,  and  is  connected  with  its  fellow  of  the  opposite 
Bide  by  the  valve  of  Vieussens.  Beneath  the  corpora  quadrigemina  the  innermost 
fibres  of  each  peduncle  decussate  with  each  other,  so  that  some  fibres  from  the  one 
half  of  the  cerebrum  are  continued  ioto  the  other  half  of  the  cereb?lium.     Upon 


FlQ.  435.— Vertical  section  of  the  cerebeUum, 


entering  the  cerebellum  the  fibres  of  this  peduncle  paas  to  a  great  extent  into  the 
interior  of  the  corpus  dentatuni,  though  some  wind  round  it  and  reach  the  gray 
cortical  matter,  especially  on  its  inferior  surface. 

The  valve  of  Vieussens,  or  superior  medullary  velum,  is  a  thin  translucent 
lamina  of  white  matter,  marked  superficially  by  a  few  transverse  streaks  of  gray 
substance,  stretched  between  the  two  processus  e  cerehello  ad  testes;  it  forms  part 
of  the  roof  of  the  fourth  ventricle.  It  is  narrow  in  front,  where  it  is  connected 
with  the  testes,  and  broader  behind,  at  its  connection  with  the  vermiform  process 
of  the  cerebellum.  A  slight  elevated  ridge,  the  frcenulum,  descends  upon  the  upper 
part  of  the  valve  from  the  corpora  quadrigemina,  and  on  either  side  of  it  may  be 
seen  the  fourth  nerve,  which  is  connected  with  its  fellow  of  the  opposite  side  by  a 
transverse  band  of  fibres  forming  a  partial  decussation.  Its  lower  half  is  covered 
by  a  thin,  transversely -grooved  lobule  of  gray  matter  prolonged  from  the  anterior 
border  of  the  cerebellum  ;  this  is  called  the  lingula. 

The  middle  peduncles  (processus  ad  pontem),  the  largest  of  the  three,  connect 
together  the  two  hemispheres  of  the  cerebellum,  forming  their  great  transverse 
commissure.  They  consist  of  a  mass  of  curved  fibres,  which  arise  in  the  gray 
matter  of  the  foliated  cortex  of  the  hemispheres  of  the  cerebellum,  and  pass  across 
the  pons  Varolii,  forming  its  transverse  fibres. 

The  inferior  peduncles  (processus  ad  medullam)  connect  the  cerebellum  with 
the  medulla  oblongata.     As  the  restiform  bodies  they  pass  upward  and  outward. 
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fonning  part  of  the  lateral  wall  of  the  fourth  ventricle;  entering  the  cerebellum, 
the^  end  in  the  gray  cortex  of  the  upper  surface  of  this  organ. 

The  fihrce  propria  of  the  cerebellum  are  of  two  kinds :  (1)  commissural  fibres, 
which  cross  the  middle  line  to  connect  the  opposite  halves  of  the  hemispheres, 
some  at  the  anlerior  part,  and  others  at  the  posterior  part  of  the  vermiform  pro- 
cess; (2)  arcuate  or  association  fibres,  which  conoect  one  lamina  with  another, 
irching  across  the  fissures  between  the  laminie. 

The  gray  matter  of  the  cerebellnm  is  found  in  two  situations :  (1)  on  the  surface, 
forming  the  cortex ;  (2)  as  independent  masses  in  the  interior. 

1.  The  gray  matter  of  the  cortex  presents  a  characteristic  foliated  appearance, 


KSL**" 


n  [hrough  the  gray  matter  of  the  human  cerebellum.    Magnlfled  about  100  dlune- 

doe  to  the  series  of  laminee  which  are  given  off  from  the  central  white  matter; 
these  laminee  give  off  secondary  laminse  which  are  covered  with  gray  matter. 
Tbis  arrangement  gives  to  the  out  surface  of  the  organ  a  foliated  appearance,  to 
which  tbe  name  nrbor  vitte  has  been  applied  (Fig.  43o).  Externally  the  cortex  is 
covered  by  pia  mater,  and  internally  is  the  medullary  centre,  consisting  mainly 
of  nerve-fibres. 

Microscopical  Appearance  of  the  Cortex. — The  cortex  presents  a  remarkable 
sinicture,  consisting  of  two  distinct  layers — viz.  an  external  gray  or  cellular  layer, 
and  an  internal  rust-colored  granular  layer.     Between  the  two  layers,  or  rather 
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situated  in  the  deepest  part  of  the  gray  or  cellular  layer,  is  an  incomplete  stratum 
of  the  characteristic  cells  of  the  cerebellum,  the  eorpusclea  of  Purkinje. 

The  external  gray  or  cellular  layer  (Fig.  436)  consists  of  a  transparent  ti^ue- 
like  neuroglia  containing  fibres  and  cells.  The  fibres  are  delicate  fibrillse  running 
at  right  angles  to  the  surface,  and  many  of  them  connected  with  the  processes  of 
the  large  nerve-cells  immediately  below ;  others  are  delicate  supporting  connective- 
tissue-like  fibres,  which  spread  out  into  a  broad  base  against  the  inner  surface  of 
the  pia  mater. 

The  cells  are  granular  bodies,  some  very  small,  and  probably  belonging  to  the 
neuroglia ;  others,  according  to  Lockhart  Clarke,  connected  with  the  processes  of 
the  corpuscles  of  Purkinje  which  lie  immediately  beneath. 

The  corpxi»cle»  of  Purkinji^  (Fig,  436)  are  flask-shaped  cells  in  the  deepest  part 
of  the  external  gray  or  cellular  layer,  resting  against  the  internal  rust-colored 
layer.  From  their  under  surftice  a  slight  slender  process  arises,  which  passes 
through  the  internal  layer,  and  becomes  continuous  with  the  axial  cylinder  of  a 
medullated  nerve-fibre  in  the  medullary  substance  beneath.  From  the  other 
extremity  two  peripheral  processes  are  given  off,  which  branch  in  an  antler-like 
manner  in  the  external  layer,  some  of  the  finer  processes  becoming  connected  with 
the  cells  in  this  layer. 

The  internal  or  rust-colored  layer  (Fig.  436)  is  characterized  by  containing 

multitudes  of  granular-looking  bodies  imbedded  in  a  gelatinous  matrix.    They  are 

minute  stellate  cells,  consisting  of  a  well-defined  nucleus  with  a  thin  protoplasmic 

envelope.     Between   the   cells  is  a   fine  nerve-network, 

with  which  the  processes  of  the  cells  are  supposed  to  be 

continuous. 

2.  The  independent  centres  of  gray  matter  in  the  cere- 
bellum are — (1)  the  corpus  dentatum  ;  (2)  the  roof  nuclei 
of  Stilling. 

The  corpus  dentatum,  or  ganglion  of  the  cereheibtm.ia 
situated  a  little  to  the  inner  side  of  the  centre  of  the  stem 
of  white  matter.  It  consists  of  an  open  bag  or  capsule  of 
gray  matter,  the  section  of  which  presents  a  gray  den- 
tated  outline,  open  at  its  anterior  part.  It  is  surrounded 
by  white  fibres ;  white  fibres  are  also  contained  in  its 
interior,  which  issue  from  it  to  join  the  superior  pedun- 
cles. 

The  roof  nuclei  of  Stilling  are  two  small  gray  masses. 
Fio.  4ST.— A  corpuscle  o(     situated  at  the  anterior  end  of  the  superior  vermiform 
ousij-^r^ttnchcd  pTOcmea^'""     process.  and  projecting  into  the  valve  of  Vieussens,  so  as 
to  assist  in  the   formation  of  the  roof  of  the  fourth  ven- 
tricle.    These  can  only  be  seen  in  microscopic  preparations. 

The  Fourth  Ventricle  (Fig-  430). 

The  Fourth  Ventricle,  or  ventricle  of  the  eerehellum,  is  the  space  between  the 
posterior  surface  of  the  medulla  oblongata  and  pons  in  front  and  the  cerebellum 
behind.  It  is  lozenge  or  diamond-shaped  ;  that  is  to  say,  it  is  composed  of  two  tri- 
angles, with  their  bases  opposed  to  each  other.  The  lower  triangle  is  fonned  by 
the  divergence  of  the  funiculi  graciles  and  the  restlform  bodies  of  the  medulla 
oblongata  on  either  side.  These  columns  pass  upward  and  outward  at  an  acute 
angle  to  the  lateral  hemispheres  of  the  cerebellum,  leaving  by  their  divergence  a 
triangular  space  which  fonns  the  lower  half  of  the  fourth  ventricle.  In  like  man- 
ner the  upper  triangle  is  formed  by  the  divergence  of  the  superior  peduncles  (pro- 
cessus e  cerebello  ad  testes)  of  the  cerebellum.  These  crura  as  they  emerge  from 
the  corpora  quadrigcmina  are  in  contact  by  their  lateral  margins,  but  they  gi-adu- 
ally  diverge,  passing  downward,  backward,  and  outward,  to  reach  the  cerebellum. 
thus  enclosing  a  triangular   space   which   forms  the  upper  half  of  the  fourth 
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ventricle.  This  cavity  is  therefore  bounded  laterally  by  the  processus  e  cere- 
bello  ad  testes  above,  and  by  the  diverging  funiculi  graciles  and  restiform  bodies 
below. 

It  presents  four  angles.  The  upper  angle  reaches  as  high  as  the  upper  border 
of  the  pons  ;  it  presents  the  lower  opening  of  the  aqueduct  of  Sylvius,  by  which 
this  ventricle  communicates  with  the  third  ventricle.  The  lower  angle  is  on  a 
level  with  the  lower  border  of  the  olivary  body,  and  presents  a  minute  opening, 
the  aperture  of  the  central  canal  of  the  spinal  cord.  At  its  lateral  angles  the 
fourth  ventricle  is  extended  for  a  short  distance  between  the  side  of  the  medulla 
and  the  cerebellum,  where  these  two  structures  come  in  contact. 

The  roof  is  arched,  and  is  formed  in  the  upper  triangle  by  part  of  the  superior 
peduncles  of  the  cerebellum  and  the  valve  of  Vieussens  (superior  medullary  velum), 
a  lamina  of  white  matter  streaked  with  gray,  which  bridges  across  from  one  supe- 
rior peduncle  to  the  other.  The  roof  of  the  lower  half  is  formed  by  a  reflection 
of  pia  mater  passing  from  the  under  surface  of  the  inferior  vermiform  process  of  the 
cerebellum  to  the  lower  part  of  the  medulla  oblongata.  Above  this  is  the  inferior 
vermiform  process  itself.  This  pia-matral  covering  is  lined  on  its  under  or  ven- 
tricular surface  by  a  layer  of  epithelium,  which  is  continuous  with  that  lining  the 
sides  and  base  of  the  cavity,  and  is  perforated  by  a  hole,  the  foramen  of  Majendie, 
by  which  the  cavity  of  the  ventricle  communicates  with  the  subarachnoidean  space. 

The  floor  is  formed  by  the  posterior  surface  of  the  medulla  oblongata  and  pons. 
In  the  median  line  is  seen  a  fissure  which  gradually  becomes  obliterated  above  and 
terminates  below,  near  the  point  of  the  calamus  scriptorius,  in  a  somewhat  cleft- 
like space,  the  ventricle  of  Aran  tins,  which  opens  into  the  central  canal  of  the 
spinal  cord.  From  the  resemblance  that  there  is  in  the  diverging  lower  bound- 
aries of  the  space  and  the  central  fissure  to  the  nib  of  a  writing  pen  this  lower 
angle  has  been  named  the  calamus  scriptorius.  On  each  side  of  the  median 
fissure  are  two  spindle-shaped  longitudinal  eminences,  the  fasciculi  teretes;  they 
extend  the  entire  length  of  the  floor.  Each  eminence  consists  of  a  portion 
of  the  base  of  the  anterior  cornu  of  gray  matter  of  the  medulla,  which  comes  to 
the  surface  of  the  floor  of  the  fourth  ventricle,  after  the  central  canal  of  the  spinal 
cord  has  opened  out  into  this  cavity.  The  widest  part  of  the  floor  of  the  ventricle 
is  crossed  by  several  white  transverse  lines,  linece  transversce  or  auditory  stria  ; 
they  emerge  from  the  posterior  median  fissure,  and,  passing  over  the  fasciculi 
teretes,  enter  the  roots  of  origin  of  the  auditory  nerve. 

Below  these  striae,  on  each  side,  and  external  to  the  fasciculus  teres,  is  a  little 
fossa,  called  the  fovea  inferior  ;  while  above,  similarly  placed,  is  a  fossa,  called  the 
jovza  superior.  Extending  upward  to  the  top  of  the  ventricle  from  each  superior 
fovea  is  a  shallow  groove ;  this  groove  is  called  the  locus  coeruleus,  which  presents 
a  bluish  tint  through  the  thin  stratum  covering  it.  This  tint  is  due  to  an  under- 
lying stratum  of  pigmented  nerve-cells  {substantia  ferruginea).  The  fovea  inferior 
is  the  depressed  apex  of  a  triangular  area  {ala  cinerea)  of  a  whitish-gray  color, 
the  base  of  which  is  elevated  into  a  slight  eminence  {eminentia  cinerea). 

The  lining  membrane  of  the  fourth  ventricle  is  continuous  with  that  of  the 
third  through  the  aqueduct  of  Sylvius,  and  its  cavity  communicates  below  with 
the  subarachnoidean  space  of  the  brain  and  cord  through  an  aperture  in  the  layer 
of  pia  mater  extending  between  the  cerebellum  and  medulla  oblongata.  Laterally, 
this  membrane  is  reflected  outward  a  short  distance  between  the  cerebellum  and 
medulla. 

The  choroid  plexuses  of  the  fourth  ventricle  are  two  in  number :  they  are  del- 
icate vascular  fringes  which  project  into  the  ventricle  on  each  side,  passing  from 
the  point  of  the  inferior  vermiform  process  to  the  outer  margin  of  the  restiform 
bodies. 

The  gray  matter  in  the  floor  of  the  ventricle  consists  of  a  tolerably  thick  stra- 
tum, continuous  below  with  the  gray  commissure  of  the  cord,  and  extending  up  as 
high  as  the  aqueduct  of  Sylvius,  and,  in  addition,  of  some  special  deposits  connected 
with  the  deep  origin  of  certain  of  the  cranial  nerves. 

48 
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These  special  deposits  produce  little  elevations  on  the  floor  of  the  ventricle. 
The  nucleus  of  the  fifth  is  placed  the  highest ;  the  deep  origin  of  the  larger  or 
sensory  root  is  from  a  nucleus  on  a  level  with  the  middle  of  the  superior  peduncle 
of  the  cerebellum,  just  internal  to  the  margin  of  the  ventricle  ;  the  deep  origin  of 
the  smaller  root  is  from  a  nucleus  internal  to  the  sensory  root,  and  just  external  to 
the  fasciculus  teres  on  the  floor  of  the  ventricle. 

The  origin  of  the  sixth  is  a  little  lower  than  the  motor  root  of  the  fifth,  and 
close  to  the  median  line  beneath  the  anterior^  portion  of  the  fasciculus  teres. 

The  deep  origin  of  the  seventh,  or  facial,  is  a  little  below  and  external  to  the 
nucleus  of  the  sixth,  above  the  level  of  the  auditory  striae. 

The  deep  origin  of  the  eighth,  or  auditory,  is  twofold:  one  from  a  prominence, 
the  auditory  tubercle^  on  the  outer  side  of  the  inferior  fovea;  the  other  is  situated 
at  the  lateral  angle  of  the  ventricle.     Into  this  latter  run  the  auditory  stria. 

The  deep  origin  of  the  ninth,  or  glosso-pharyngeal,  is  from  a  nucleus  of  gray 
matter  at  the  lower  part  of  the  ventricle,  beneath  the  inferior  fovea,  below  the 
inner  nucleus  of  the  eighth  or  auditory  nerve. 

The  deep  origin  of  the  tenth,  or  pneumogastric,  is  from  a  nucleus  of  gray  mat- 
ter at  the  lower  part  of  the  ventricle,  below  and  continuous  with  the  nucleus  of 
origin  of  the  ninth  or  glosso-pharyngeal  nerve. 

The  deep  origin  of  the  eleventh  or  accessory  portion  of  the  spinal  accessory  is 
from  a  nucleus  of  gray  matter  at  the  back  of  the  medulla,  extending  from  the 
level  of  the  top  of  the  calamus  scriptorius  as  far  down  as  the  intermedio-lateral 
tract  of  the  spinal  cord. 

The  deep  origin  of  the  twelfth,  or  hypoglossal,  is  from  a  nucleus  of  gray 
matter  on  the  floor  of  the  ventricle,  on  either  side  of  the  middle  line,  extending 
from  the  level  of  the  auditory  striae  to  the  lowest  point  of  the  ventricle  of 
Aran  tins. 

THE  CRANIAL  NERVES. 

The  cranial  nerves  arise  from  some  part  of  the  cerebro-spinal  centre,  and 
are  transmitted  through  foramina  in  the  base  of  the  cranium.  They  have  been 
named  numerically,  according  to  the  order  in  which  they  pass  through  the  dura 
mater  lining  the  base  of  the  skull.  Other  names  are  also  given  to  them,  derived 
from  the  parts  to  which  they  are  distributed  or  from  their  functions.  Taken  in 
their  order,  from  before  backward,  they  are  as  follows : 

Ist.  Olfactory.  7th.  Facial  (Portio  dura). 

2d.    Optic.  8th.  Auditory  (Portio  mollis). 

3d.    Motor  oculi.  9th.  Glosso-pharyngeal. 

4th.  Pathetic.  10th.  Pneumogastric  (Par  vagum). 

5th.  Trifacial  (Trigeminus).  11th.  Spinal  accessory. 

6th.  Abducent.  12th.  Hypoglossal. 

All  the  cranial  nerves  are  connected  to  some  part  of  the  surface  of  the  brain. 
This  is  termed  their  superficial  or  apparent  oHgin,  But  their  fibres  may,  in  all 
cases,  be  traced  deeply  into  the  substance  of  the  brain  to  some  special  centre  of 
gray  matter,  termed  a  nucleus.  This  is  called  their  deep  or  real  origin.  The 
nerves,  after  emerging  from  the  brain  at  their  apparent  origin,  pass  through 
foramina  or  tubular  prolongations  in  the  dura  mater,  leave  the  skull  through 
foramina  in  its  base,  and  pass  to  their  final  distribution. 

First  Nerve  (Fig.  423,  page  727). 
The  First  Cranial  or  Olfactory  Nerves,  the  special  nerves  of  the  sense  of  smell, 
are  about  twenty  in  number.  They  are  given  off"  from  the  under  surface  of  the 
olfactory  bulb,  an  oval  mass  of  a  grayish  color,  which  rests  on  the  cribriform 
plate  of  the  ethmoid  bone,  and  forms  the  anterior  expanded  extremity  of  a  slender 
process  of  brain-substance,  named  the  olfactory  tract  (see  page  728).  The  olfactory 
tract,  when  traced  backward,  divides  into  three  slips  or  roots  at  its  base.  The 
middle  root  is  attached  to  the  under  surface  of  the  frontal  lobe,  just  in  front  of 
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ihe  anterior  perforated  space.  The  external  root  passes  outward,  round  the 
anterior  perforated  space,  across  the  fissure  of  Sjlvius  to  the  temporo-^pheuoidal 
lobe.  The  internal  root  passes  inward,  and  joins  the  lower  end  of  the  corpus 
callosum. 

These  three  root«  unite  and  form  a  flat  hand,  narrower  in  the  middle  than 
at  either  extremity,  and  of  a  somewhat  prismoid  form  on  section.  It  is  soft  in 
texture  and  contains  a  considerable  amount  of  gray  matter  in  its  substance.  As  it 
passes  forward  it  is  contained  in  a  deep  sulcus,  the  olfactory  sulcus,  between  two 
convolutions,  lying  on  the  under  surface  of  the  frontal  lobe,  on  either  side  of  the 
I'lQgitudinal  fissure,  and  is  retained  in  position  by  the  arachnoid  membrane,  which 
covers  it.  On  reaching  the  cribriform  plate  of  the  ethmoid  bone  it  expands  into 
liie  o^aet&ry  bulb.  From  the  under  part  of  this  bulb  are  given  off  the  olfactory 
nerves,  which  pass  through  the  cribriform  foramina  and  are  distributed  to  the 
mucous  membrane  of  the  nose.  Each  nerve  is  surrounded  by  a  tubular  prolonga- 
tion from  the  dura  mater  and  pia  mater ;  the  former  being  lost  on  the  periosteum 
lining  the  nose;  the  latter,  in  the  neurilemma  of  the  nerve.  The  nerves,  as  they 
enter  the  narea.  are  divisible  into  three  groups  :  an  inner  group,  larger  than  those 
oD  the  outer  wall,  spread  out  over  the  upper  third  of  the  septum  ;  a  middle  set, 
confined  to  the  roof  of  the  nose;  and  an  outer  set,  which  are  distributed  over  the 
superior  and  middle  turbinated  bones  and  the  surface  of  the  ethmoid  in  front 
of  them.  As  the  filaments  descend  they  unite  in  a  plexiform  network,  and  are 
believed  by  most  observers  to  terminate  in  the  cells  of  Schultze. 

The  olfactory  differs  in  structure  from  other  nerves  in  being  composed  exclu- 
sively of  non-medullated  fibres.  They  are  deficient  in  the  white  substance  of 
Schwann,  and  consist  nf  axis-cylinders,  with  a  distinct  nucleated  sheath,  in  which 
there  are,  however,  fewer  nuclei  than  iq  ordinary  non-medullated  fibres. 

Surgical  Ajiatomy.— In  severe  injuries  to  the  head  the  olfacton'  bulb  may  become  scpa- 
raied  frum  the  oiroct^iry  nervea,  thus  producing;  loss  of  the  sense  of  smelling  [anosmiti],  and 
irith  thig  a  cousiderable  loss  in  the  sense  of  taste,  as  much  of  the  perfection  of  the  sense  of 
Usie  ia  due  lo  the  sapid  BubstaDces  being  also  odorous  and  aimultaneuusly  exciting  the  sense  of 
BmelL 

Second  Nerre  (Fig-  43S). 

The  Second  or  Optic  Nerre,  the  special  nerve  of  the  sense  of  sight,  is  distributed 
Mclusively  to  the  eyeball.     The  nerves  of  opposite  sides  are  connected  together 
at  ihe  commissure,  and  from  the  back  of  the 
commissure  they  may  he  traced  to  the  brain, 
under  the  name  of  the  optic  tracts. 

The  oplic  tract,  at  its  connection  with  the 
brain,  is  divided  into  two  bands.  One  of  these 
ari.ses  from  the  stratum  opticum  of  the  corpora 
•inadrigemina,  and  emerges  from  the  nates  of 
this  body  as  the  anterior  brachium,  and  passes 
obliquely  outward  between  the  inner  and  outer 
geniculate  bodies  ;  the  second  arises  from  the 
optic  thalamus,  and  passes  through  the  inner 
geniculate  body,  from  which  it  derives  fibres, 
anil  joins  with  the  other  band  to  form  the  optic 
tract.  From  this  origin  the  tract  winds  ob- 
liijaely  across  the  under  surface  of  the  crus 
cerebri  in  the  form  of  a  flattened  band,  desti- 
tute of  neurilemma  and  attached  to  the  crus 
bv  its  anterior   margin.      It   then   assumes   a 

„"  ]■    J  'IP  T  '.  e  1    ■  Fro- 138,— The  left  optic  nerve  and  cmllc 

e>lin(lrical  form,  and,  as  it  passes  forward   is     trecu. 

connected  with  the  tuber  cinereum  and  lamina 

cinerea,  from  both  of  which  it  receives  fibres.     It  finally  joins  with  the  tract  of 

the  opposite  side  to  form  the  oplic 
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The  commissure  or  chiasma^  somewhat  quadrilateral  in  form,  rests  upon  the 
optic  groove  of  the  sphenoid  bone,  being  bounded,  above,  by  the  lamina  cinerea; 

behind,  by  the  tuber  cinereum ;  on  either  side,  by  the 
anterior  perforated  space.     Within  the  commissure  the 
optic  nerves  of  the  two  sides  undergo  a  partial  decus- 
sation.    The  fibres  which  form  the  inner  margin  of 
^OTw^sSJf    ^^ch  tract  are  continued  across  from  one  to  the  other 
.o^oppotue      side  of  the  brain,  and  have  no  connection  with  the 
optic  nerves.     These  may  be  regarded  as  commissural 
intSl;pt^7omSjSure.^*'^^^''^  fibres  {luUr cerebral)  between  the  thalami  of  opposite 

sides.  Some  fibres  are  continued  across  the  anterior 
border  of  the  chiasma,  and  connect  the  optic  nerves  of  the  two  sides,  having 
no  relation  with  the  optic  tracts.^  They  may  be  regarded  as  commissural  fibres 
between  the  two  retinae  {inter-retinal  fibres).  The  outer  fibres  of  each  tract 
are  continued  into  the  optic  nerve  of  the  same  side.  The  central  fibres  of  each 
tract  are  continued  into  the  optic  nerve  of  the  opposite  side,  decussating  in  the 
commissure  with  similar  fibres  of  the  opposite  tract.* 

The  optic  nerves  arise  from  the  fore  part  of  the  commissure,  and,  diverging  from 
one  another,  become  rounded  in  form  and  firm  in  texture,  and  are  enclosed  in  a 
sheath  derived  from  the  arachnoid.  As  each  nerve  passes  through  the  correspond- 
ing optic  foramen  it  receives  a  sheath  from  the  dura  mater ;  and  as  it  enters  the 
orbit  this  sheath  subdivides  into  two  layers,  one  of  which  becomes  continuous  with 
the  periosteum  of  the  orbit;  the  other  forms  the  proper  sheath  of  the  nerve  and 
surrounds  it  as  far  as  the  sclerotic.  The  nerve  passes  through  the  cavity  of  the 
orbit,  pierces  the  sclerotic  and  choroid  coats  at  the  back  part  of  the  eyeball,  a  little 
to  the  nasal  side  of  its  centre,  and  expands  into  the  retina.  Arnold  describes  a 
communication  between  the  optic  nerve  in  the  orbit  and  the  ascending  branches 
of  Meckel's  ganglion.  A  small  artery,  the  arteria  centralis  refince^  perforates  the 
optic  nerve  a  little  behind  the  globe,  and  runs  along  its  interior  in  a  tubular  canal 
of  fibrous  tissue.  It  supplies  the  inner  surface  of  the  retina,  and  is  accompanied 
by  corresponding  veins. 

Surgical  Anatoxny. — The  optic  nerve  is  peculiarly  liable  to  become  the  seat  of  neuritis  or 
undergo  atrophy  in  anections  of  the  central  nervous  system,  and,  as  a  rule,  the  pathological 
relationship  between  the  two  affections  is  exceedingly  difficult  to  trace.  There  are,  however, 
certain  points  in  connection  with  the  anatomy'  of  this  nerve  which  tend  to  throw  light  upon  the 
frequent  association  of  these  affections  with  intracranial  disease:  (1)  From  its  mode  of 
development  (see  page  123)  and  irom  its  structure  the  optic  nen^e  must  be  regarded  as  a  prolonga- 
tion 01  the  brain-substance,  rather  than  as  an  ordinary  cerebro-spinal  nerve.  (2)  As  it  passes 
from  the  brain  it  receives  sheaths  firom  the  three  cerebral  membranes — ^a  perineural  sheath  froin 
the  pia  mater,  an  intermediate  sheath  from  the  arachnoid,  and  an  outer  sheath  from  the  dura 
mater,  which  is  also  connected  with  the  periosteum  as  it  passes  through  the  optic  foramen. 
These  sheaths  are  separated  from  each  other  by  spaces  which  communicate  with  the  subdural  and 
subarachnoid  spaces  respectively.  The  innermost  or  perineural  sheath  sends  a  j)rocess  around 
the  arteria  centralis  retmae  into  the  interior  of  the  nerve,  and  enters  intimately  into  the  stnic- 
ture  of  the  nerve.  Thus  inflammatory  affections  of.  the  meninges  or  of  the  brain  may  readily 
extend  themselves  along  these  spaces  or  alon^  the  interstitial  connective  tissue  in  the  nen^e. 

The  course  of  the  fiores  in  the  optic  commissure  has  an  important  pathological  bearing,  and 
has  been  the  subject  of  much  controversy.  Microscopic  examination,  experiments,  and  pathology 
all  seem  to  point  to  the  fact  that  there  is  a  partial  decussation  of  the  fibres,  each  tract  supplying 
the  corresponding  half  of  each  eye,  so  that  the  right  tract  supplies  the  right  half  of  eacn  eye, 
and  the  left  tract  the  left  half  of  each  eye.  At  the  same  time,  Charcot  believes — and  his  view 
has  met  with  general  acceptation — that  the  fibres  which  do  not  decussate  at  the  optic  commis- 
sure have  already  decussated  in  the  corpora  quadrigemina,  so  that  lesion  of  the  cerebral  centre 
of  one  side  causes  complete  blindness  of  the  opposite  eye,  because  both  sets  of  decussating  fibres 
are  destroyed.  Whereas  should  one  tract — say  the  right — ^be  destroyed  by  disease,  there  will  be 
blindness  of  the  right  half  of  both  retinae. 

An  antero-posterior  section  through  the  commissure  would  divide  the  decussating  fibres, 
and  would  therefore  produce  blindness  of  the  inner  half  of  each  ej'e  ;  while  a  section  at  the 

^  The  presence  of  these  fibres  has  been  doubted  by  some  observers,  but  they  have  been  recently 
asserted  to  exist  by  Stilling. 

^  A  specimen  of  congenital  absence  of  the  optic  commissure  is  to  be  found  in  the  Museum  of  the 
Westminster  Hospital.     (See  also  Henle,  Nervenlehre,  p.  393,  ed.  2^) 


THE    THIRD    OR    MOTOR    OCULI  NERVE.  757 

margin  of  the  siJe  of  the  optic  counnisijure  would  proiiucc  blindaees  of  the  external  half  of  the 
retina  of  the  same  side. 

The  optiti  nerve  may  also  be  affected  in  jqjuries  or  diseases  involving  the  orbit,  in  fractures 
of  the  anterior  fossa  of  the  base  of  the  skull,  in  tumors  of  the  orbit  itselt.  or  those  invading  this 
mvity  from  neighboring  parts. 

Third  Nerve  (Figa.  440,  441,  442). 

The  Third  or  Motor  Ocnll  Nerra  supplies  all  the  muscles  of  the  oibit,  except 
the  Superior  oblique  and  External  reCtua ;  it  also  sends  motor  filaments  to  the  iris 
and  the  ciliary  muscle.  It  is  a  rather  large  nerve,  of  rounded  form  and  firm 
le.xture.  Its  apparent  origin  is  from  the  inner  surface  of  the  crus  cerebri, 
immediately  in    front   of  the  pons 

The  deep  origin  may  be  traced 
through  the  locus  niger  and  teg- 
mentum of  the  crus  to  a  nucleus 
situated  on  either  side  of  the 
median  line  beneath  the  floor 
of  the  aqueduct  of  Sylvius.  On 
emerging  from  the  brain  the  nerve 
is  invested  with  a  sheath  of  pia 
mater,  and  enclosed  in  a  prolonga- 
tion from  the  arachnoid.  It  then 
pierces  the  dura  mater  in  front  of 
and  external  to  the  posterior  clinoid 
process,  passing  between  the  two 
processes  from  the  free  and  attached 
borders  of  the  tentorium,  which  are 
prolonged  forward  to  be  connected 
with  the  anterior  and  posterior 
clinoid  processes  of  the  sphenoid 
bone.  It  passes  along  the  outer 
wall  of  the  cavernous  ainus,  above 
the  other  orbital  nerves,  receiving 
in  its  course  one  or  two  filaments 
from  the  cavernous  plexus  of  the 
sympathetic.  It  then  divides  into 
two  branches,  which  enter  the  orbit 
through  the  sphenoidal  fissure  be- 
tween the  two  heads  of  the  Exter- 
nal rectus  muscle.  On  passing  „j^ 
through  the  fissure  the  nerve  is  ^•migrmi.  ^,«..^  .n~ier. 
placed  below  th-e  fourth  and  the  Fio.440.-Nerve.oftheort.lt.  seen  from  above, 
frontal  and  lachrymal  branches  of 
the  ophthalmic  nerve,  and  has  passing  between  its  two  divisions  the  nasal  nerve. 

The  superior  division,  the  smaller,  passes  inward  over  the  optic  nerve,  and 
supplies  the  Superior  rectus  and  Levator  palpebr^.  It  occasionally  communi- 
cates with  the  ganglionic  branch  of  the  nasal  nerve. 

The  inferior  division,  the  larger,  divides  into  three  branches.  One  passes 
beneath  the  optic  nerve  to  the  Internal  rectus ;  another,  to  the  Inferior  rectus ; 
and  the  third,  the  largest  of  the  three,  passes  forward  between  the  Inferior  and 
External  recti  to  the  Inferior  oblique.  From  this  latter  a  short,  thick  branch  is 
given  ofl"  to  the  lower  part  of  the  lenticular  ganglion,  which  forms  its  inferior 
root.  It  also  gives  off  one  or  two  filaments  to  the  Inferior  rectus.  All  these 
branches  enter  the  muscles  on  their  ocular  surface. 

Surgical  Anatomy.— ParaijViH  of  the  third  ner' 
cerebral  disease  ;  conditions  causing  pressure  on  the 
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entering  into  the  formation  of  the  sphenoidal  fissure.  It  results,  when  complete,  in  (1)  ptosis, 
or  drooping  of  the  upper  eyelid,  in  consequence  of  the  Levator  palpebraa  bemg  paralyzed ;  (2) 
external  strabismus,  on  account  of  the  unopposed  action  of  the  External  rectus  muscle,  which 
is  not  supplied  by  the  third  nerve,  and  is  not  therefore  paralyzed  ;  (3)  dilatation  of  the  pupil, 
because  tne  sphincter  fibres  of  the  iris  are  paralyzed ;  (4)  loss  of  power  of  accommodation,  as 
the  sphincter  pupillaD,  the  ciliary  muscle,  and  the  Internal  rectus  are  paralyzed ;  (5)  slight 
prommence  of  the  eyeball,  from  the  compressing  action  of  the  Superior  oblique,  which  is  not 
paralyzed.  Occasionally  paralysis  may  aiiect  only  a  part  of  the  nerve ;  that  is  to  say,  there  may 
be,  for  example,  a  dilated  and  fixed  pupil,  with  ptosis,  but  no  other  signs.  Irritation  of  the 
nerve  bauses  spasm  of  one  or  other  of  the  muscles  supplied  by  it ;  thus,  there  may  be  internal 
strabismus  from  spasm  of  the  Internal  rectus ;  accommodation  for  near  objects  onlv  from  spasm 
of  the  ciliary  muscle,  or  myosis,  contraction  of  the  pupil,  from  irritation  of  the  sphincter  of  the 
pupil. 

Fourth  Nerve  (Fig.  440). 

The  Fourth  or  Trochlear  Nerve  (pathetic),  the  smallest  of  the  cranial  nerves, 
supplies  the  Superior  oblique  muscle.  Its  appai-ent  origin,  at  the  base  of  the 
brain,  is  on  the  outer  side  of  the  crus  cerebri,  just  in  front  of  the  pons  Varolii, 
but  the  fibres  can  be  traced  backward  behind  the  corpora  quadrigemina  to  the 
valve  of  Vieussens,  on  the  upper  surface  of  which  the  two  nerves  decussate.  Its 
deep  origin  may  be  traced  to  the  nucleus  in  the  floor  of  the  aqueduct  of  Sylvius 


Fio.  44L— Plan  of  the  motor  ocuU  nerve.    (ARer  Flower.) 


immediately  below  that  of  the  third  nerve,  with  which  it  is  continuous.  The 
nerve  winds  round  the  outer  side  of  the  crus  cerebri,  immediately  above  the  pons 
Varolii,  pierces  the  dura  mater  in  the  free  border  of  the  tentorium  cerebelli,  just 
behind,  and  external  to,  the  posterior  clinoid  process,  and  passes  forward  in  the 
outer  wall  of  the  cavernous  sinus,  between  the  third  nerve  and  the  ophthalmic 
division  of  the  fifth.  It  crosses  the  third  nerve,  and  enters  the  orbit  through  the 
sphenoidal  fissure.  It  now  becomes  the  highest  of  all  the  nerves,  lying  at  the 
inner  extremity  of  the  fissure  internal  to  the  frontal  nerve.  In  the  orbit  it  passes 
inward  above  the  origin  of  the  Levator  palpebrae,  and  finally  enters  the  orbital 
surface  of  the  Superior  oblique  muscle. 

In  the  outer  wall  of  the  cavernous  sinus  this  nerve  is  not  unfrequently  blended 
with  the  ophthalmic  division  of  the  fifth.  Branches  of  Communication, — In  the 
outer  wall  of  the  cavernous  sinus  it  receives  some  filaments  from  the  cavernous 
plexus  of  the  sympathetic.  In  the  sphenoidal  fissure  it  occasionally  gives  off  a 
branch  to  assist  in  the  formation  of  the  lachrvmal  nerve.  Branches  of  Distribu- 
tion, — It  gives  off  a  recurrent  branch,  which  passes  backward  between  the  layers 
of  the  tentorium,  dividing  into  two  or  three  filaments  which  may  be  traced  as  far 
back  as  the  wall  of  the  lateral  sinus. 
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Surgical  Anatomy. — ^The  fourth  nerve  when  paralyzed  causes  loss  of  function  in  the 
Superior  oblique,  so  that  the  patient  is  unable  to  turn  his  eye  downward  and  outward.  Should 
the  patient  attempt  to  do  this,  the  eye  on  the  affected  side  is  twisted  inward,  producing  diplopia 
or  double  vision.  Accordingly,  it  is  said  that  the  first  symptom  of  this  disease  which  presents 
itself  is  giddiness  when  going  down  hill  or  in  descending  stairs,  owing  to  the  double  vision 
induced  by  the  patient  looking  at  his  steps  while  descending. 

Fifth  Nerve. 

The  Fifth  or  Trifacial  Nerve  (trigeminus)  is  the  largest  cranial  nerve.  It 
resembles  a  spinal  nerve  (1)  in  arising  by  two  roots ;  (2)  in  having  a  ganglion 
developed  on  its  posterior  root;  and  (S)  in  its  function,  since  it  is  a  compound 
nerve.  It  is  the  great  sensory  nerve  oi  the  head  and  face  and  the  motor  nerve 
of  the  muscles  of  mastication.  Its  upper  two  divisions  are  entirely  sensory  ;  the 
third  division  is  partly  sensory  and  partly  motor.  It  arises  by  two  roots :  of  these 
the  anterior  is  the  smaller,  and  is  the  motor  root ;  the  posterior,  the  larger  and 
sensory.  Its  superficial  origin  is  from  the  side  of  the  pons  Varolii,  nearer  to  the 
upper  than  the  lower  border.  The  smaller  root  consists  of  three  or  four  bundles ; 
the  larger  root  consists  of  numerous  bundles  of  fibres,  varying  in  number  from 
seventy  to  a  hundred.  The  two  roots  are  separated  from  one  another  by  a  few  of 
the  transverse  fibres  of  the  pons.  The  deep  origin  of  the  larger  or  sensory  root 
is  from  a  nucleus  on  a  level  with  the  middle  of  the  superior  peduncle  of  the  cere- 
bellum, just  internal  to  the  margin  of  the  fourth  ventricle.  The  deep  origin  of 
the  smaller  or  motor  root  is  from  a  nucleus  internal  to  the  sensory  root,  and  just 
external  to  the  fasciculus  teres  on  the  floor  of  the  fourth  ventricle.  The  two  roots 
of  the  nerve  pass  forward  through  an  oval  opening  in  the  dura  mater,  on  the 
superior  border  of  the  petrous  portion  of  the  temporal  bone,  above  the  internal 
auditory  meatus :  they  then  run  between  the  bone  and  the  dura  mater  to  the  apex 
of  the  petrous  portion  of  the  temporal  bone,  where  the  fibres  of  the  sensory  root 
form  a  large,  semilunar  ganglion  (Gassertan)^  while  the  motor  root  passes  beneath 
the  ganglion  without  having  any  connection  with  it,  and  joins  outside  the  cranium 
with  one  of  the  trunks  derived  from  it. 

The  Gasserian  or  semilnnar  ganglion  ^  is  lodged  in  a  depression  near  the  apex 
of  the  petrous  portion  of  the  temporal  bone.  It  is  of  somewhat  crescentic  form, 
with  its  convexity  turned  forward.  Its  upper  surface  is  intimately  adherent  to 
the  dura  mater.  Besides  the  small  or  motor  root,  the  large  superficial  petrosal 
nerve  lies  underneath  the  ganglion. 

Branches  of  Communication, — This  ganglion  receives,  on  its  inner  side^  fila- 
ments from  the  carotid  plexus  of  the  sympathetic.  Branches  of  Distribution, — It 
gives  off  minute  branches  to  the  tentorium  cerebelli  and  the  dura  mater  in  the 
middle  fossa  of  the  cranium.  From  its  anterior  border^  which  is  directed  forward 
and  outward,  three  large  branches  proceed — the  ophthalmic^  superior  maxillary^ 
and  inferior  maxillary.  The  ophthalmic  and  superior  maxillary  consist  exclu- 
sively of  fibres  derived  from  the  larger  root  and  ganglion,  and  are  solely  nerves 
of  common  sensation.  The  third  division,  or  inferior  maxillary,  is  joined  outside 
the  cranium  by  the  motor  root.  This,  therefore,  strictly  speaking,  is  the  only 
portion  of  the  fifth  nerve  which  can  be  said  to  resemble  a  spinal  nerve. 

Ophthalmic  Nerve  (Figs.  440,  442,  443). 

The  Ophthalmic,  or  first  division  of  the  fifth,  is  a  sensory  nerve.  It  supplies 
the  eyeball,  the  lachrymal  gland,  the  mucous  lining  of  the  eye  and  nasal  fossae, 
and  the  integument  of  the  eyebrow,  forehead,  and  nose.  It  is  the  smallest  of 
the  three  divisions  of  the  fifth,  arising  from  the  upper  part  of  the  Gasserian 

'  A  Viennese  anatomist.  Raimund  Balthasar  Hirsch  (1765),  was  the  first  who  recognized  the 
ganglionic  nature  of  the  swelling  on  the  sensory  root  of  the  fifth  nerve,  and  called  it,  in  honor  of  his 
otherwise  unknown  teacher,  Jon.  Laur.  Gaaser,  the  "  Ganglion  Gasseri."  Julius  Casserius,  whose 
name  is  given  to  the  musculo-cutaneous  nerve  of  the  arm,  was  professor  at  Padua,  1545-1605.  (See 
Hvrtl,  LehHtwh  der  Anatomitj  p.  895  and  p.  55.) 
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ganglioD-  It  is  a  short,  flattened  band,  about  an  inch  in  length,  nhich  |a.- 
forward  along  the  outer  wall  of  the  cavernous  sinus,  below  the  other  nerve-  ,: 
just  before  entering  the  orbit,  through  the  sphenoidal  fissure,  divides  imo*. 
branches — lachrymal,  frontal,  and  natal. 

Branches  of  Commumeation. — The  ophthalmic  nerve  is  joined  bv  fiWi  ■ 
from  the  cavernous  plexus  of  the  sympathetic,  communicates  with  the  ihird ,; 
sixth  nerves,  and  is  not  unfrequently  joined  with  the  fourth. 

Branches  of  Distribution. — It  gives  off  recurrent  filaments  which  pas?  i*'- 
the  layers  of  the  tentorium  along  with  a  branch  from  the  fourth  nerve,  ail  > 
divides  into 

Lachrymal.  Frontal.  Nasal. 

The  Lachrymal  is  the  smallest  of  the  three  branches  of  the  ophthaltDit.  V 
unfrequently  it  arises  by  two  filaments,  one  from  the  ophthalmic,  the  olherfr-^ 
the  fourth.     It  passes  forward  in   a  separate  tube  of  dura  mater  and  enter- :. 


Fig.  442.— NervCT  Of  Ibe  orbit  and  ophlhalmlc  gaagllOD.    Side  view. 

orbit  through  the  narrowest  part  of  the  sphenoidal  fissure.  In  the  orbit  iir.: 
along  the  upper  border  of  the  External  rectus  muscle  with  the  lachrymil  »-■■ 
and  sends  off  a  recurrent  branch  which  joins  the  orbital  branch  of  the  5»K 
maxillary  nerve,  and  occasionally  takes  the  place  of  the  temporal  branch  "i - 
nerve,  which  is  then  absent.  Within  the  lachrymal  gland  it  gives  off"" 
filaments,  which  supply  the  gland  and  the  conjunctiva.  Finally,  it  pif";^ 
tarsal  ligaments,  and  terminates  in  the  integument  of  the  upper  eyelid,  j' ■  ■ 
with  filaments  of  the  facial  nerve. 

The  Frontal  is  the  largest  division  of  the  ophthalmic,  and  may  be  rep' 
both  from  its  size  and  direction,  as  the  continuation  of  the  nerve.  It  enifr? 
orbit  above  the  muscles  through  the  highest  and  broadest  part  of  the  siiben 
fissure,  and  runs  forward  along  the  middle  line,  between  the  Levaiorpali" 
and  the  periosteum.  Midway  between  the  apex  and  base  of  the  orbit  it  Ji' 
into  two  branches,  supratrochlear  and  supra-orbital. 

The  sitpratrof/ilenr  bmnvh.  the  smaller  of  the  two,  passes  inward  »b»ii  ■ 
pulley  of  the  Superior  obliijue  muscle,  and  gives  oflT  a  descending  filament-* 
joins  with  the  infra  trochlear  branch  of  the  nasal  nerve.     It  (hen  escapes  fnrj 
orbit  between  the  pulley  of  the  Superior  obliijue  and  the  supra-orbilal  furjii- 
curves  u])  on  to  the  forehead  close  to  the  bone,  and  ascends  beneath  the  O'.'rmp 
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supercilii  and  Occipito-frontalis  muscles,  and  supplies  the  integument  of  the  lower 
part  of  the  forehead  on  either  side  of  the  middle  line. 

The  supra-orbital  branch  passes  forward  through  the  supra-orbital  foramen, 
and  gives  off,  in  this  situation,  palpebral  filaments  to  the  upper  eyelid.  It  then 
ascends  upon  the  forehead,  and  terminates  in  cutaneous  and  pericranial  branches. 
The  cutajieous  branches^  two  in  number,  an  inner  and  an  outer,  supply  the 
integument  of  the  cranium  as  far  back  as  the  occiput.  They  are  at  first  situated 
beneath  the  Occipito-frontalis,  the  inner  branch  perforating  the  frontal  portion  of 
the  muscle,  the  outer  branch  its  tendinous  aponeurosis.  The  pericranial  branches 
are  distributed  to  the  pericranium  over  the  frontal  and  parietal  bones. 

The  NasaJ  nerve  is  intermediate  in  size  between  the  frontal  and  lachrymal,  and 
more  deeply  placed  than  the  other  branches  of  the  ophthalmic.  It  enters  the  orbit 
between  the  two  heads  of  the  External  rectus,  and  passes  obliquely  inward  across 
the  optic  nerve,  beneath  the  Levator  palpebrse  and  Superior  rectus  muscles,  to  the 
inner  wall  of  the  orbit,  where  it  enters  the  anterior  ethmoidal  foramen,  immediately 
below  the  Superior  oblique.  It  then  enters  the  cavity  of  the  cranium,  traverses 
a  shallow  groove  on  the  front  of  the  cribriform  plate  of  the  ethmoid  bone,  and 
passes  down,  through  the  slit  by  the  side  of  the  crista  galli,  into  the  nose,  where 
it  divides  into  two  branches,  an  internal  and  an  external.  The  internal  branch 
supplies  the  mucous  membrane  near  the  fore  part  of  the  septum  of  the  nose.  The 
external  branch  descends  in  a  groove  on  the  inner  surface  of  the  nasal  bone,  and 
supplies  a  few  filaments  to  the  mucous  membrane  covering  the  fore  part  of  the 
outer  wall  of  the  nares  as  far  as  the  inferior  spongy  bone ;  it  then  leaves  the 
cavity  of  the  nose,  between  the  lower  border  of  the  nasal  bone  and  the  upper  lateral 
cartilage  of  the  nose,  and,  passing  down  beneath  the  Compressor  nasi,  supplies  the 
integument  of  the  ala  and  the  tip  of  the  nose,  joining  with  the  facial  nerve. 

The  branches  of  the  nasal  nerve  are  the  ganglionic^  ciliary^  and  infratrochlear. 

The  ganglionic  is  a  slender  branch,  about  half  an  inch  in  length,  which  usually 
arises  from  the  nasal,  between  the  two  heads  of  the  External  rectus.  It  passes 
forward  on  the  outer  side  of  the  optic  nerve,  and  enters  the  superior  and  posterior 
angle  of  the  ciliary  ganglion,  forming  its  superior  or  long  root.  It  is  sometimes 
joined  by  a  filament  from  the  cavernous  plexus  of  the  sympathetic  or  from  the 
superior  division  of  the  third  nerve. 

The  long  ciliary  nerves^  two  or  three  in  number,  are  given  off  from  the  nasal 
as  it  crosses  the  optic  nerve.  They  join  the  short  ciliary  nerves  from  the  ciliary 
ganglion,  pierce  the  posterior  part  of  the  sclerotic,  and,  running  forward  between 
it  and  the  choroid,  are  distributed  to  the  ciliary  muscles,  iris,  and  cornea. 

The  infratrochlear  branch  is  given  off  just  before  the  nasal  nerve  passes 
through  the  anterior  ethmoidal  foramen.  It  runs  forward  along  the  upper  border 
of  the  Internal  rectus,  and  is  joined,  beneath  the  pulley  of  the  Superior  oblique, 
by  a  filament  from  the  supratrochlear  nerve.  It  then  passes  to  the  inner  angle 
of  the  eye,  and  supplies  the  integument  of  the  eyelids  and  side  of  the  nose,  the 
conjunctiva,  lachrymal  sac,  and  caruncula  lachrymalis. 

Ophthalmic  Qanglion  (Figs.  442,  443). 

Connected  with  the  three  divisions  of  the  fifth  nerve  are  four  small  ganglia. 
With  the  first  division  is  connected  the  ophthalmic  ganglion ;  with  the  second 
division,  the  spheno-palatine  or  Meckel' 8  ganglion;  and  with  the  third,  the  otic 
and  subinaxillary  ganglia.  All  the  four  receive  sensory  filaments  from  the  fifth, 
and  motor  and  sympathetic  filaments  from  various  sources ;  these  filaments  are 
called  the  roots  of  the  ganglia. 

The  Ophthalmic,  Lenticular,  or  Ciliary  Ganglion  is  a  small,  quadrangular, 
flattened  ganglion,  of  a  reddish-gray  color,  and  about  the  size  of  a  pin's  head, 
situated  at  the  back  part  of  the  orbit  between  the  optic  nerve  and  the  External 
rectus  muscle,  lying  generally  on  the  outer  side  of  the  ophthalmic  artery.  It  is 
enclosed  in  a  quantity  of  loose  fat,  which  makes  its  dissection  somewhat  difficult. 
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Fig.  443.— Plan  of  the  fifth  cranial  nerve.    (After  Flower.) 


Its   branches   of  communication^  or   roots^  are    three,  all    of  which    enter   its 
posterior  border.     One,  the  long  or  sensory  root,  is  derived  from  the  nasal  branch 
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of  the  ophthalmic  and  joins  its  superior  angle.  The  second,  the  short  or  motor 
root,  is  a  short,  thick  nerve,  occasionally  divided  into  two  parts,  which  is  derived 
from  the  branch  of  the  third  nerve  to  the  Inferior  oblique  muscle,  and  is  connected 
with  the  inferior  angle  of  the  ganglion.  The  third,  the  sympathetic  root,  is  a 
slender  filament  from  the  cavernous  plexus  of  the  sympathetic.  This  is  frequently 
blended  with  the  long  root,  though  it  sometimes  passes  to  the  ganglion  separately. 
According  to  Tiedemann,  this  ganglion  receives  a  filament  of  communication  from 
the  spheno-palatine  ganglion. 

Its  branches  of  distribution  are  the  short  ciliary  nerves.  These  are  delicate 
filaments,  from  six  to  ten  in  number,  which  arise  from  the  fore  part  of  the  ganglion 
in  two  bundles,  connected  with  its  superior  and  inferior  angles ;  the  lower  bundle 
is  the  larger.  They  run  forward  with  the  ciliary  arteries  in  a  wavy  course,  one 
set  above  and  the  other  below  the  optic  nerve,  and  are  joined  by  the  long  ciliary 
nerves  from  the  nasal.  They  pierce  the  sclerotic  at  the  back  part  of  the  globe,  pass 
forward  in  delicate  grooves  on  its  inner  surface,  and  are  distributed  to  the  ciliary 
muscle,  iris,  and  cornea.  Tiedemann  has  described  one  small  branch  as  penetrating 
the  optic  nerve  with  the  arteria  centralis  retinae. 

Superior  liaxillary  Nerve  (Fig.  444). 

The  Superior  liaxillary,  or  second  division  of  the  fifth,  is  a  sensory  nerve.  It 
is  intermediate,  both  in  position  and  size,  between  the  ophthalmic  and  inferior 
maxillary.  It  commences  at  the  middle  of  the  Gasserian  ganglion  as  a  flattened 
plexiform  band,  and  passes  forward  through  the  foramen  rotundum,  where  it 
becomes  more  cylindrical  in  form  and  firmer  in  texture.  It  then  crosses  the 
spheno-maxillary  fossa,  enters  the  orbit  through  the  spheno-maxillary  fissure, 
traverses  the  infra-orbital  canal  in  the  floor  of  the  orbit,  and  appears  upon  the  face 
at  the  infra-orbital  foramen.*  At  its  termination  the  nerve  lies  beneath  the 
Levator  labii  superioris  muscle,  and  divides  into  a  leash  of  branches,  which  spread 
out  upon  the  side  of  the  nose,  the  lower  eyelid,  and  upper  lip,  joining  with  filaments 
of  the  facial  nerve. 

Branches  of  Distribution. — The  branches  of  this  nerve  may  be  divided  into  four 
groups :  1.  Those  given  off  in  the  cranium.  2.  Those  given  off  in  the  spheno- 
maxillary fossa.     3.  Those  in  the  infra-orbital  canal.     4.  Those  on  the  face. 

In  the  cranium     .    .    .        Meningeal. 

{Orbital  or  temporo-malar. 
Spheno-palatine. 
Posterior  superior  dental. 

r  n        IV,  1  1  f   Middle  superior  dental. 

Infra-orbital  canal     .      i     a    ^    -      ^  j     *  i 

(   Anterior  superior  dental. 

{Palpebral. 
Nasal. 
Labial. 

The  meningeal  branch  is  given  off  directly  after  its  origin  from  the  Gasserian 
ganglion,  and  supplies  the  dura  mater,  communicating  with  a  meningeal  branch 
from  the  inferior  maxillary  nerve. 

The  orbital  or  temporo-malar  branch  arises  in  the  spheno-maxillary  fossa, 
enters  the  orbit  by  the  spheno-maxillary  fissure,  and  divides  at  the  back  of  that 
cavity  into  two  branches,  temporal  and  malar. 

The  temporal  branch  runs  in  a  groove  along  the  outer  wall  of  the  orbit  (in  the 
malar  bone),  receives  a  branch  of  communication  from  the  lachrymal,  and, 
passing  through  a  foramen  in  the  malar  bone,  enters  the  temporal  fossa.  It 
ascends  between  the  bone  and  substance  of  the  Temporal  muscle,  pierces  this 
muscle  and  the  temporal  fascia  about  an  inch  above  the  zygoma,  and  is  distributed 
to  the  integument  covering  the  temple  and  side  of  the  forehead,  communicating 

*  After  it  enters  the  infra-orbital  canal,  the  nerve  is  frequently  called  the  infra-orhUcd. 
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with  the  facial  and  auriculo-tcmporal  branch  of  the  inferior  maxillary  nerve.  Ab 
it  pierces  the  temporal  fascia  it  gives  off  a  slender  twig,  which  runs  between  the 
two  layers  of  the  fascia  to  the  outer  angle  of  the  orbit. 

The  malar  branch  passes  along  the  external  inferior  angle  of  the  orbit,  emerges 
u|>i>n  the  face  through  a  foramen  in  the  malar  bone,  and,  perforating  the  Orbicu- 
laris palpebrarum  muscle,  supplies  the  skin  on  the  prominence  of  the  cheek,  and 
is  named  suhrutaneus  Jtialw.  It  Joins  with  the  facial  and  the  palpebral  branches 
of  the  superior  maxillary. 

The  spheno-palatine  branchee,  two  in  number,  descend  to  the  spheno-palatine 
ganglion. 

The  posterior  snperior  dental  branchfls  arise  from  the  trunk  of  the  nerve  just 
as  it  is  about  to  enter  the  infra-orbital  canal ;  they  are  generally  two  ia  number. 


Fc<!.  444.— Dklrlbutlon  of  Ihe  Btuonil  and  third  dlvlBlom  of  the  nith  nerve  and  submBxlllsr)'  gangUou. 

but  sometimes  arise  bv  a  single  trunk,  and  immediately  divide  and  pa«s  downward 
on  the  tuberosity  of  the  superior  maxillary  bone.  They  give  off  several  twigs  to 
the  gums  and  neighboring  parts  of  the  mucous  membrane  of  the  cheek  {eupe^rior 
t/iinjit'al  hrancfies).  They  then  enter  the  posterior  dental  canals  on  the  zygomatic 
surface  of  the  superior  maxillary  bone,  and,  jiassing  from  behind  forward  in  the 
substance  of  the  bone,  communicate  with  the  middle  dental  nerve,  and  give  off 
branches  to  the  lining  membrane  of  the  antrum  and  three  twigs  to  each  of  the 
molar  teeth.  These  twigs  enter  the  foramina  at  the  apices  of  the  fangs  and 
au|iply  the  pulp. 

The  middle  suparior  dental  branch  is  given  off  from  the  superior  maxillary  nerve 
in  the  back  ]iart  of  the  infra-orbital  canal,  and  runs  downward  and  forward  in  a 
epcciiil  canal  in  the  outer  wall  of  the  antrum  to  supply  the  two  bicuspid  teeth.  It 
communicates  with  the  posterior  and  anterior  dental  branches.     At  its  point  of 
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communication  with  the  posterior  branch  is  a  slight  thickening  which  has  received 
the  name  of  the  ganglion  of  Valentin  ;  and  at  its  point  of  communication  with  the 
anierior  branch  is  a  second  enlargement,  which  is  called  the  ganglion  of  Bochdahk. 
Neiiher  of  these  is  probably  a  true  ganglion. 

The  anterior  anperioT  dental  branch,  of  large  size,  is  given  off  from  the  supe- 
rior maxillary  nerve  just  before  its  exit  from  the  infra-orbital  foramen ;  it  enters  a 
special  canal  in  the  anterior  wall  of  the  antrum,  and,  coursing  from  before  back- 
ward, divides  into  a  series  of  branches  which  supply  the  incisor  and  canine  teeth. 
It  communicates  with  the  middle  dental  branch,  and  gives  off  a  nasal  branch,  which 
jiasses  through  a  minute  canal  into  the  nasal  fossa,  and  supplies  the  mucous  mem- 
brane of  the  fore  part  of  the  inferior  meatus  and  the  floor  of  this  cavity,  c 
mating  with  the  naso-palatine  nerve  from  Meckel's  ganglion. 


Fra.  445.— The  apheno-palatliie  eaagllon  and  lu  branchei. 

'The  palpebral  blanches  pass  upward  beneath  the  Orbicularis  palpebrarum. 
They  supply  the  integument  and  conjunctiva  of  the  lower  eyelid  with  sensation, 
joining  at  the  outer  angle  of  the  orbit  with  the  facial  nerve  and  malar  branch  of 
Che  orbital. 

The  nasal. branches  pass  inward;  they  supply  the  integument  of  the  side  of 
the  n(^e  and  join  with  the  nasal  branch  of  the  ophthalmic. 

The  labial  branclieB,  the  largest  and  most  numei'ous,  descend  beneath  the 
Levator  labii  superioris,  and  are  distributed  to  the  integument  of  the  upper  lip, 
the  mucous  membrane  of  the  mouth,  and  labial  glands. 

All  these  branches  are  joined,  immediately  beneath  the  orbit,  by  filaments  from 
tke  facial  nerve,  forming  an  intricate  plexus,  the  infra-orbital. 

Spbeno-palatine  Oanglion  (Fig.  445). 

The  apbeno-palatine  ganglion  (^MeckeVs),  the  largest  of  the  cranial  ganglia,  is 
deeply  placed  in  the  spbeno-maxillary  fossa,  close  to  the  spheno-palatine  foramen. 
It  is  triangular  or  heart-shaped,  of  a  reddish-gray  color,  and  is  situated  just  below 
the  superior  maxillary  nerve  as  it  crosses  the  fossa. 

It»  Branchei  of  C'ommunicalion. — Like  the  other  ganglia  of  the  fifth  nerve,  it 
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possesses  a  motor,  a  sensory,  and  a  sympathetic  root.  Its  sensory  root  is  derived 
from  the  superior  maxillary  nerve  through  its  two  spheno-palatine  branches.  These 
branches  of  the  nerve,  given  off  in  the  spheno-maxillary  fossa,  descend  to  the 
ganglion.  Their  fibres,  for  the  most  part,  pass  in  front  of  the  ganglion,  as  they 
proceed  to  their  destination,  in  the  palate  and  nasal  fossa,  and  are  not  incorporated 
in  the  ganglionic  mass ;  some  few  of  the  fibres,  however,  enter  the  ganglion, 
constituting  its  sensory  root.  Its  motor  root  is  derived  from  the  facial  nerve 
through  the  large  superficial  petrosal  nerve,  and  its  sympathetic  root  from  the 
carotid  plexus,  through  the  large  deep  petrosal  nerve.  These  two  nerves  join 
together  to  form  a  single  nerve,  the  Vidian^  before  their  entrance  into  the 
ganglion. 

The  large  superficial  petrosal  branch  (nervus  petrosus  superficialis  major)  is 
given  off"  from  the  intumescentia  gangliofonnis  in  the  aqueductus  Fallopii ;  it 
passes  through  the  hiatus  Fallopii ;  enters  the  cranial  cavity,  and  runs  forward 
contained  in  a  groove  on  the  anterior  surface  of  the  petrous  portion  of  the 
temporal  bone,  lying  beneath  the  dura  mater  and  the  Gasserian  ganglion.  It 
then  enters  the  cartilaginous  substance  which  fills  in  the  foramen  lacerum 
medium  basis  cranii,  and,  joining  with  the  large  deep  petrosal  branch,  forms  the 
Vidian  nerve. 

The  large  deep  petrosal  branch  (nervus  petrosus  profundus)  is  given  off  from 
the  carotid  plexus,  and  runs  through  the  carotid  canal  on  the  outer  side  of  the 
internal  carotid  artery.  It  then  enters  the  cartilaginous  substance  which  fills  in 
the  foramen  lacerum  medium,  and  joins  with  the  large  superficial  petrosal  nerve 
to  form  the  Vidian. 

The  Vidian  nerve,  formed  in  the  cartilaginous  substance  which  fills  in  the  middle 
lacerated  foramen  by  the  junction  of  the  two  preceding  nerves,  passes  forward 
through  the  Vidian  canal,  with  the  artery  of  the  same  name,  and,  entering  the 
spheno-maxillary  fossa,  joins  the  posterior  angle  of  Meckel's  ganglion. 

Its  branches  of  distribution  are  divisible  into  four  groups :  ascending,  which 
pass  to  the  orbit;  descending,  to  the  palate;  internal,  to  the  nose;  and  posterior 
branches,  to  the  pharynx  and  nasal  fossae. 

The  ascending  branches  are  two  or  three  delicate  filaments  which  enter  the 
orbit  by  the  spheno-maxillary  fissure  and  supply  the  periosteum.  Arnold  describes 
and  delineates  these  branches  as  ascending  to  the  optic  nerve.  Bock  describes  a 
branch  as  going  to  the  cavernous  sinus  to  communicate  with  the  sixth  nerve,  and 
Tiedemann,  a  communicating  branch  to  the  ophthalmic  ganglion. 

The  descending  or  palatine  branches  are  distributed  to  the  roof  of  the  mouth, 
the  soft  palate,  tonsil,  and  lining  membrane  of  the  nose.  They  are  almost  a  direct 
continuation  of  the  spheno-palatine  branches  of  the  superior  maxillary  nerve,  and 
are  three  in  number — anterior,  middle,  and  posterior. 

The  anterior  or  large  palatine  nerve  descends  through  the  posterior  palatine 
canal,  emerges  upon  the  hard  palate  at  the  posterior  palatine  foramen,  and  pa^es 
forward  through  a  groove  in  the  hard  palate  nearly  as  far  as  the  incisor  teeth.  It 
supplies  the  gums,  the  mucous  membrane  and  glands  of  the  hard  palate,  and 
communicates  in  front  with  the  termination  of  the  naso-palatine  nerve.  While  in 
the  posterior  palatine  canal  it  gives  off  inferior  nasal  branches^  which  enter  the 
nose  through  openings  in  the  palate  bone,  and  ramify  over  the  middle  meatus  and 
the  middle  and  inferior  spongy  bones;  and,  at  its  exit  from  the  canal  a  palatine 
branch  is  distributed  to  both  surfaces  of  the  soft  palate. 

The  middle  or  external  palatine  nerve  descends  through  one  of  the  accessory 
palatine  canals,  distributing  branches  to  the  uvula,  tonsil,  and  soft  palate.  It  is 
occasionally  wanting. 

The  posterior  or  small  palatine  nerve  descends  with  a  small  artery  through  the 
small  posterior  palatine  canal,  emerging  by  a  separate  opening  behind  the  posterior 
palatine  foramen.  It  supplies  the  Levator  palati  and  Azygos  uvulae  muscles,  the 
soft  palate,  tonsil,  and  uvula.     The  middle  and  posterior  palatine  join  with  the 
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tonsillar  branches  of  the  glosso-pharyngeal  to  form  the  plexus  around  the  tonsil 
{drculuB  to7i8illaris). 

The  internal  branches  are  distributed  to  the  septum  and  outer  wall  of  the  nasal 
fossae.     They  are  the  superior  nasal  ^anterior)  and  the  naso-palatine. 

The  superior  nasal  branches  (anterior)^  four  or  five  in  number,  enter 
the  back  part  of  the  nasal  fossa  by  the  spheno-palatine  foramen.  They 
supply  the  mucous  membrane  covering  the  superior  and  middle  spongy  bones, 
and  that  lining  the  posterior  ethmoidal  cells,  a  few  being  prolonged  to  the 
upper  and  back  part  of  the  septum.  One  branch  is  continued  on  to  the  inner 
surface  of  the  anterior  wall  of  the  antrum,  and  there  forms  a  communication 
with  the  anterior  dental  nerve.  At  the  point  of  communication  a  swelling 
exists,  denominated  ^'the  ganglion  of  Bochdalek,"  the  nature  of  which  seems 
to  be,  however,  uncertain. 

The  naso-palatine  nerve  {Ootunnius)  also  enters  the  nasal  fossa  through  the 
spheno-palatine  foramen,  and  passes  inward  across  the  roof  of  the  nose,  below 
the  orifice  of  the  sphenoidal  sinus,  to  reach  the  septum ;  it  then  runs  obliquely 
downward  and  forward  along  the  lower  part  of  the  septum,  to  the  anterior  palatine 
foramen,  lying  between  the  periosteum  and  mucous  membrane.  It  descends  to  the 
roof  of  the  mouth  through  the  anterior  palatine  canal.  The  two  nerves  are  here 
contained  in  separate  and  distinct  canals,  situated  in  the  intermaxillary  suture, 
and  termed  the  foramina  of  Scarpa,  the  left  nerve  being  usually  anterior  to  the 
right  one.  In  the  mouth  they  become  united,  supply  the  mucous  membrane 
behind  the  incisor  teeth,  and  join  with  the  anterior  palatine  nerve.  The  naso- 
palatine nerve  occasionally  furnishes  a  few  small  filaments  to  the  mucous  mem- 
brane of  the  septum. 

The  posterior  branches  are  the  pharyngeal  (ptery go-palatine)  and  the  upper 
posterior  nasal  branches. 

The  pharyngeal  nerve  {pterygo-palatine)  is  a  small  branch  arising  from  the 
back  part  of  the  ganglion,  being  generally  blended  with  the  Vidian  nerve.  It 
passes  through  the  pterygo-palatine  canal  with  the  pterygo-palatine  artery,  and  is 
distributed  to  the  mucous  membrane  of  the  upper  part  of  the  pharynx,  behind  the 
Eustachian  tube. 

The  upper  posterior  nasal  branches  are  a  few  twigs  given  off  from  the  posterior 
part  of  the  ganglion,  which  run  backward  in  the  sheath  of  the  Vidian  nerve  to 
the  mucous  membrane  at  the  back  part  of  the  roof,  septum,  and  superior  meatus 
of  the  nose  and  that  covering  the  end  of  the  Eustachian  tube. 

Inferior  Maxillary  Nerve  (Fig.  444). 

The  Inferior  Maxillary  Nerve  distributes  branches  to  the  teeth  and  gums  of 
the  lower  jaw,  the  integument  of  the  temple  and  external  ear,  the  lower  part  of 
the  face  and  lower  lip,  and  the  muscles  of  mastication ;  it  also  supplies  the  tongue 
with  a  large  branch.  It  is  the  largest  of  the  three  divisions  of  the  fifth,  and  is 
made  up  of  two  roots :  a  large  or  sensory  root  proceeding  from  the  inferior  angle 
of  the  Gasserian  ganglion ;  and  a  small  or  motor  root,  which  passes  beneath  the 
ganglion,  and  unites  with  the  sensory  root  just  after  its  exit  through  the  foramen 
ovale.  Immediatelv  beneath  the  base  of  the  skull  this  nerve  divides  into  two 
trunks,  anterior  and  posterior.  Previous  to  its  division  the  primary  trunk  gives 
off  from  its  inner  side  a  recurrent  (meningeal)  branch  and  the  nerve  to  the  Internal 
pterygoid  muscle. 

The  recturent  branch  is  given  off  directly  after  its  exit  from  the  foramen 
ovale.  It  passes  backward  into  the  skull  through  the  foramen  spinosum  with  the 
middle  meningeal  artery.  It  divides  into  two  branches,  anterior  and  posterior, 
which  accompany  the  main  divisions  of  the  artery  and  supply  the  dura  mater. 
The  anterior  branch  communicates  with  the  meningeal  branch  of  the  superior 
maxillary  nerve. 

The  Internal  Pterygoid  Nerve,  given  off  from  the  inferior  maxillary  previous 
Ui  its  division,  is  intimately  connected  at  its  origin  with  the  otic  ganglion.    It  is  a 
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long  and  slender  branch,  which  passes  inward  to  enter  the  deep  surface  of  the 
Internal  pterygoid  muscle. 

The  anterior  and  smaller  division,  which  receives  nearly  the  whole  of  the 
motor  root,  divides  into  branches  which  supply  the  muscles  of  mastication.  They 
are  the  masseteric,  deep  temporal,  buccal,  and  external  pterygoid. 

The  masseteric  branch  passes  outward,  above  the  External  pterygoid  muscle, 
in  front  of  the  temporo-maxillary  articulation,  and  crosses  the  sigmoid  notch  with 
the  masseteric  artery  to  the  Masseter  muscle,  in  which  it  ramifies  nearly  as  far  as 
its  anterior  border.  It  occasionally  gives  a  branch  to  the  Temporal  muscle  and 
a  filament  to  the  articulation  of  the  jaw. 

The  deep  temporal  branches,  two  in  number,  anterior  and  posterior,  supply 
the  deep  surface  of  the  Temporal  muscle.  The  posterior  branchy  of  small  size,  is 
placed  at  the  back  of  the  temporal  fossa.  It  is  sometimes  joined  with  the  masse- 
teric branch.  The  anterior  branch  is  reflected  upward  at  the  pterygoid  ridge  of 
the  sphenoid  to  the  front  of  the  temporal  fossa.  Sometimes  there  are  three  deep 
temporal  branches,  the  third  branch  {middle  deep  temporal)  passing  outward 
over  the  External  pterygoid  muscle  to  enter  the  deep  surface  of  the  Temporal 
muscle. 

The  buccal  branch  passes  forward  between  the  two  heads  of  the  External 
pterygoid,  and  downward  beneath  the  inner  surface  of  the  coronoid  process  of  the 
lower  jaw,  or  through  the  fibres  of  the  Temporal  muscle,  to  reach  the  surface  of 
the  Buccinator,  upon  which  it  divides  into  a  superior  and  an  inferior  branch.  It 
gives  a  branch  to  the  External  pterygoid  during  its  passage  through  that  muscle, 
and  a  few  ascending  filaments  to  the  Temporal  muscle,  one  of  which  occasionally 
joins  with  the  anterior  branch  of  the  deep  temporal  nerve.  The  upper  branch 
supplies  the  integument  and  upper  part  of  the  Buccinator  muscle,  joining  with 
the  facial  nerve  round  the  facial  vein.  The  loiver  branch  passes  forward  to  the 
angle  of  the  mouth  :  it  supplies  the  integument  and  Buccinator  muscle,  as  well  as 
the  mucous  membrane  lining  the  inner  surface  of  that  muscle,  and  joins  the  facial 
nerve.* 

The  External  Pterygoid  Nerve  is  most  frequently  derived  from  the  buccal,  but 
it  may  be  given  off  separately  from  the  anterior  trunk  of  the  nerve.  It  enters  the 
muscle  on  its  inner  surface. 

The  posterior  and  larger  division  of  the  inferior  maxillary  nerve  is  for  the 
most  part  sensory,  but  receives  a  few  filaments  from  the  motor  root.  It  divides 
into  three  branches :  auriculo-temporal,  lingual  (gustatory),  and  inferior  dental. 

The  Auriculo-temporal  Nerve  generally  arises  by  two  roots,  beneath  which  the 
middle  meningeal  artery  passes.  It  runs  backward  beneath  the  External  ptery- 
goid muscle  to  the  inner  side  of  the  neck  of  the  lower  jaw.  It  then  turns  upward 
with  the  temporal  artery,  between  the  external  ear  and  condyle  of  the  jaw,  under 
cover  of  the  parotid  gland,  and,  escaping  from  beneath  this  structure,  ascends 
over  the  zygoma  and  divides  into  two  temporal  branches. 

The  branches  of  communication  are  with  the  facial  and  with  the  otic  ganglion. 
The  branches  of  communication  with  the  facial,  usually  two  in  number,  pass 
forward  from  behind  the  neck  of  the  condyle  of  the  jaw,  to  join  this  nerve  at  the 
posterior  border  of  the  Masseter  muscle.  They  form  one  of  the  principal 
branches  of  communication  between  the  facial  and  the  fifth  nerve.  The  filaments 
of  communication  with  the  otic  ganglion  are  derived  from  the  commencement  of 
the  auriculo-temporal  nerve. 

The  branches  of  distribution  are — 

Auricular,  inferior  and  superior.  Articular. 

Branches  to  the  meatus  auditorius.  Parotid. 

Temporal,  anterior  and  posterior. 

The  inferior  auricular  arises  behind  the  articulation  of  the  jaw,  and  is  distrib- 

'  There  seems  to  be  no  reason  to  doubt  that  the  branch  supplying  the  Buccinator  muscle  is  entire- 
ly a  nerve  of  ordinary  sensation,  and  that  the  true  motor-supply  of  this  muscle  is  from  the  facial. 
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nted  to  the  ear  below  the  external  meatus:  other  filaments  twine  round  the 
internal  maxillary  artery  and  communicate  with  the  sympathetic.  The  superior 
auricular  arises  in  front  of  the  external  ear,  and  supplies  the  integument  cover- 
ing the  tragus  and  pinna. 

Branches  to  the  meatus  auditoriiis,  two  in  number,  arise  from  the  point  of 
communication  between  the  auriculo-temporal  and  facial  nerves,  and  are  distrib- 
uted to  the  meatus. 

A  branch  to  the  temporo-maxillary  articulation  is  usually  derived  from  the 
auriculo-temporal  nerve. 

The  parotid  branches  supply  the  parotid  gland. 

The  anterior  temporal  accompanies  the  temporal  artery  to  the  vertex  of  the 
skull,  and  supplies  the  integument  of  the  temporal  region,  communicating  with 
the  facial  nerve  and  the  temporal  branch  of  the  temporo-malar  from  the  superior 
maxillary.  The  posterior  temporal^  the  smaller  of  the  two,  is  distributed  to  the 
upper  part  of  the  pinna  and  the  neighboring  tissues. 

The  Lingual  Nerve  (gustatory)  suppli^es  the  papillae  and  mucous  membrane  of 
the  tongue.  It  is  deeply  placed  throughout  the  whole  of  its  course.  It  lies  at 
first  beneath  the  External  pterygoid  muscle,  together  with  the  inferior  dental 
nerve,  being  placed  to  the  inner  side  of  the  latter  nerve,  and  is  occasionally 
joined  to  it  by  a  branch  which  crosses  the  internal  maxillary  artery.  The  chorda 
tympani  also  joins  it  at  an  acute  angle  in  this  situation.  The  nerve  then  passes 
between  the  Internal  pterygoid  muscle  and  the  inner  side  of  the  ramus  of  the 
jaw,  and  crosses  obliquely  to  the  side  of  the  tongue  over  the  Stylo-glossus 
muscle,  and  then  between  the  Hyo-glossus  muscle  and  deep  part  of  the  submaxil- 
lary gland :  the  nerve  lastly  runs  across  Wharton's  duct,  and  along  the  side  of 
the  tongue  to  its  apex,  lying  immediately  beneath  the  mucous  membrane. 

The  branches  of  communication  are  with  the  facial  through  the  chorda  tympani, 
the  inferior  dental  and  hypoglossal  nerves,  and  the  submaxillary  ganglion.  The 
branches  to  the  submaxillary  ganglion  are  two  or  three  in  number ;  those  con- 
nected with  the  hypoglossal  nerve  form  a  plexus  at  the  anterior  margin  of  the 
Hyo-glossus  muscle. 

The  branches  of  distribution  are  few  in  number.  They  supply  the  mucous 
membrane  of  the  mouth,  the  gums,  the  sublingual  gland,  the  filiform  and  fungi- 
form papillae  and  mucous  membrane  of  the  tongue ;  the  terminal  filaments  com- 
municate, at  the  tip  of  the  tongue,    with  the  hypoglossal  nerve. 

The  Inferior  Dental  is  the  largest  of  the  three  branches  of  the  inferior  max- 
illary nerve.  It  passes  downward  with  the  inferior  dental  artery,  at  first  beneath 
the  External  pterygoid  muscle,  and  then  between  the  internal  lateral  ligament 
and  the  ramus  of  the  jaw  to  the  dental  foramen.  It  then  passes  forward  in  the 
dental  canal  of  the  inferior  maxillary  bone,  lying  beneath  the  teeth,  as  far  as  the 
mental  foramen,  where  it  divides  into  two  terminal  branches,  incisor  and  mental. 
The  branches  of  the  inferior  dental  are,  the  mylo-hyoid,  dental,  incisive,  and 
mental. 

The  mylo'hyoid  is  derived  from  the  inferior  dental  just  as  that  nerve  is  about 
to  enter  the  dental  foramen.  It  descends  in  a  groove  on  the  inner  surface  of  the 
ramus  of  the  jaw,  in  which  it  is  retained  by  a  process  of  fibrous  membrane.  It 
reaches  the  under  surface  of  the  Mylo-hyoid  muscle,  and  supplies  it  and  the 
anterior  belly  of  the  Digastric,  occasionally  sending  one  or  two  filaments  to  the 
submaxillary  gland. 

The  dental  branches  supply  the  molar  and  bicuspid  teeth.  They  correspond 
in  number  to  the  fangs  of  those  teeth :  each  nerve  entering  the  orifice  at  the 
point  of  the  fang  and  supplying  the  pulp  of  the  tooth. 

The  incisive  branch  is  continued  onward  within  the  bone  to  the  middle  line, 
and  supplies  the  canine  and  incisor  teeth. 

The  mental  branch  emerges  from  the  bone  at  the  mental  foramen,  and  divides 
beneath  the  Depressor  anguli  oris  into  two  or  three  branches ;  one  descends  to 
sapply  the  skin  of  the  chin,  and  another  (sometimes  two)  ascends  to  supply  the 

49 
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skin  and  mucous  membrane  of  the  lower  lip.    These  branches  communicate  freely 
with  the  facial  nerve. 

Two  small  ganglia  are  connected  with  the  inferior  maxillary  nerve — the  otic 
with  the  trunk  of  the  nerve,  and  the  submaxillary  with  its  lingual  branch. 

Otic  Qanglion  (Fig.  44S). 

The  Otic  OangUon  {Arnold'^)  is  a  small,  oval-shaped,  flattened  ganglion  of  a 
reddish-grav  color,  situated  immediately  below  the  foramen  ovale,  on  the  inner 
surface  of  the  inferior  maxillary  nerve,  and  round  the  origin  of  ihe  internal  ptery- 
goid nerve.  It  is  in  relation,  eiUmaUy,  with  the  trunk  of  the  inferior  maxillary 
nerve,  at  the  point  where  the  motor  root  joins  the  sensory  portion;  internally, 
with  the  cartilaginous  part  of  the  Eustachian  tube,  and  the  origin  of  the  Tensor 
palati  muscle;  oekind  it  is  the  middle  meningeal  artery. 

Branches  of  Comnmnication. — This  ganglion  is  connected  with  the  internal 
pterygoid  branch  of  the  inferior  maxillary  nerve  by  two  or  three  short,  delicate 
filaments.  From  this  it  may  obtain  a  motor  root,  and  possibly  also  a  sensory  root, 
as  these  filaments  from  the  nerve  to  the  Internal  pterygoid  may  contain  sensory 
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fibres.  It  communicates  with  the  glosso-pharyngeal  and  facial  nerves  through  the 
small  superficial  petrosal  nerve  continued  from  the  tympanic  plexus  (page  779), 
and  through  this  communication  it  probably  receives  its  sensory  root  from  the 
glosso-pharyngeal  and  its  motor  root  from  the  facial ;  its  communication  with  the 
sympathetic  is  effected  by  a  filament  from  the  plexus  surrounding  the  middle 
meningeal  artery.  The  ganglion  also  communicates  with  the  auriculo- temporal 
nerve.  This  is  probably  a  branch  from  the  glosso-pharyngeal  which  passes 
to  the  ganglion,  and  through  it  and  the  auriculo-temporal  nerve  to  the  parotid 
gland. 

Its  branches  of  distribution  are  a  filament  to  the  Tensor  tympani  and  one  to  the 
Tensor  palati.  The  former  passes  backward  on  the  outer  side  of  the  Eustachian 
tube ;  the  latter  arises  from  the  ganglion,  near  the  origin  of  the  internal  pterygoid 
nerve,  and  passes  forward.  The  fibres  of  these  nerves  are,  however,  mainly  derived 
from  the  nerve  to  the  Internal  pterygoid  muscle.  It  also  gives  off  a  small  com- 
municating branch  to  the  chorda  tympani. 
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Sabmazillary  Gkuiglion  (Fig.  444). 

The  submaxillary  ganglion  is  of  small  size,  fusiform  in  shape,  and  situated 
above  the  deep  portion  of  the  submaxillary  gland,  near  the  posterior  border  of  the 
Mylo-hyoid  muscle,  being  connected  by  filaments  with  the  lower  border  of  the 
lingual  (gustatory)  nerve. 

Branches  of  (Jommunication. — This  ganglion  is  connected  with  the  lingual 
(gustatory)  nerve  by  a  few  filaments  which  join  it  separately  at  its  fore  and  back 
part.  It  also  receives  a  branch  from  the  chorda  tympani,  by  which  it  communicates 
with  the  facial,  and  communicates  with  the  sympathetic  by  filaments  from  the 
sympathetic  plexus  around  the  facial  artery. 

Branches  of  Distribution. — These  are  five  or  six  in  number:  they  arise  from 
the  lower  part  of  the  ganglion,  and  supply  the  mucous  membrane  of  the  mouth  and 
Wharton's  duct,  some  being  lost  in  the  submaxillary  gland.  The  branch  of  com- 
munication from  the  lingual  to  the  fore  part  of  the  ganglion  is  by  some  regarded 
as  a  branch  of  distribution,  by  which  filaments  of  the  chorda  tympani  pass  from 
the  ganglion  to  the  nerve,  and  by  it  are  conveyed  to  the  sublingual  gland  and  the 
tongue. 

SurfsM^e  Harking. — It  will  be  seen  from  the  above  description  that  the  three  terminal 
branches  of  the  three  divisions  of  the  fifth  nerve  emerge  from  foramina  in  the  bones  of  the  skull 
and  face  on  to  the  face :  the  terminal  branch  of  the  first  division  emerging  through  the  supra- 
orbital foramen ;  that  of  the  second  through  the  infra-orbital  foramen ;  and  the  t  nird  through 
the  mental  foramen.  The  supra-orbital  foramen  is  situated  at  the  junction  of  the  internal 
and  middle  third  of  the  supra-orbital  arch  between  the  intenial  and  external  angular  processes. 
If  a  straight  line  is  drawn  from  this  i)oint  to  the  lower  border  of  the  inferior  maxillary'  bone,  so 
that  it  passes  between  the  two  bicuspid  teeth  in  both  jaws,  it  will  pass  over  the  infra-orbital  and 
mental  foramina,  the  former  being  situated  about  one  centimetre  (two-fifths  of  an  inch)  below  the 
mararin  of  the  orbit,  and  the  latter  varying  in  position  according  to  the  a^e  of  the  individual. 
In  the  adult  it  is  midway  between  the  upper  and  lower  borders  of  the  inferior  maxillary  bone ; 
in  the  child  it  is  nearer  the  lower  border ;  and  in  the  edentulous  jaw  of  old  age  it  is  close  to  the 
upper  margin. 

Surgical  Anatomy. — ^The  fiflh  nerve  may  be  affected  in  its  entirety,  or  its  sensory  or  motor 
root  may  be  affected,  or  one  of  its  primary  main  divisions.  In  injury  to  the  sensory  root  there  is 
anjesthesia  of  the  whole  of  the  side  of  the  face  on  the  side  of  the  lesion,  with  the  exception  of 
the  skin  over  the  parotid  gland ;  insensibility  of  the  conjunctiva,  followed  by  destructive  inflam- 
mation of  the  cornea,  partly  from  loss  of  trophic  influence,  and  partly  from  the  irritation  pro- 
duced by  the  presence  of  foreign  bodies  on  it,  which  are  not  perceived  by  the  patient,  and  there- 
tore  not  expelled  by  the  act  oi  winking  ;  dryness  of  the  nose,  loss  to  a  considerable  extent  of  the 
sense  of  taste,  and  diminished  secretion  of  the  lachrvmal  and  salivanr  glands.  In  injury  to  the 
motor  root  there  is  impaired  action  of  the  lower  jaw  from  paralysis  of^^the  muscles  of  mastication 
on  the  affected  side. 

The  fiflh  nerve  is  often  the  seat  of  neuralgia,  and  each  of  the  three  divisions  has  been 
divided  or  a  portion  of  the  nerve  excised  for  this  affection.  The  supra-orbital  nerve  may  be 
exposed  by  making  an  incision  an  inch  and  a  half  in  length  alonjs:  the  supra-orbital  margin  below 
the  eyebrow,  whicn  is  to  be  drawn  upward,  the  centre  oi  the  incision  corresponding  to  the  supra- 
orbital notch.  The  skin  and  Orbicularis  {)alpebrarum  having  been  divided,  the  nerve  can  be 
easily  found  emerging  from  the  notch  and  lying  in  some  loose  cellular  tissue.  It  should  be  drawn 
up  by  a  blunt  hook  and  divided,  or,  what  is  better,  a  portion  of  it  removed.  The  infra-orbital 
nerve  has  been  divided  at  its  exit  by  an  incision  on  the  cheek  ;  or  the  floor  of  the  orbit  has  been 
exposed,  the  infra-orbital  canal  opened  up,  and  the  anterior  part  of  the  nerve  resected  ;  or  the 
whole  nerve,  together  with  Meckel's  ganglion  as  far  back  as  the  foramen  rotundum,  has  been 
removed.  This  latter  operation,  though  undoubtedly  a  severe  proceeding,  appears  to  liave  been 
followed  by  the  best  results.  The  operation  is  performed  as  follows :  The  superior  maxillary 
bone  Is  first  exposed  by  a  T-shaped  incision,  one  limb  passing  along  the  lower  margin  of  the  orbit, 
the  other  from  the  centre  of  this  vertically  down  the  cheek  to  the  angle  of  the  mouth.  The 
nerve  is  then  found,  divided,  and  a  piece  of  silk  tied  to  it  as  a  ^ide.  A  small  trephine  (one- 
half  inch)  is  then  applied  to  the  bone  below,  but  including,  the  infra-orbital  foramen,  and  the 
antrum  opened.  The  trephine  is  now  ao plied  to  the  posterior  wall  of  the  antrum,  and  the 
spheno-maxillary  fossa  exposed.  The  infra-orbital  canal  is  now  opened  up  from  below  by  fine 
cutting-pliers  or  a  chisel,  and  the  nerve  drawn  down  into  the  trephine  hole,  it  being  held  on  the 
stretcn  by  means  of  the  piece  of  silk ;  it  is  severed  with  fine  curved  scissors  as  near  the  foramen 
rotundum  as  possible,  any  branches  coming  off  from  the  ganglion  being  also  divided.  ^  The 
inferior  dental  nerve  has  been  divided  at  its' exit  from  the  foramen  by  an  incision  made  through 
the  mucous  membrane  where  it  is  reflected  from  the  alveolar  process  on  to  the  lower  lip ;  or  a 
portion  of  the  nerve  has  been  resected  by  an  incision  on  the  cheek  through  the  Masseter  muscle, 

*  Carnochan,  Arner,  Joum.  Med.  Science^  1858,  p.  136. 
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the  remainder  join  the  facial.  At  the  bottom  of  the  meatus  it  is  connected  to  this 
nerve  bv  one  or  two  slender  filaments. 

At  the  bottom  of  the  meatus  the  facial  nerve  enters  the  aqueductus  Fallopii, 
and  follows  the  serpentine  course  of  that  canal  through  the  petrous  portion  of  the 
temporal  bone,  from  its  commencement  at  the  internal  meatus  to  its  termination 
at  the  stylo-mastoid  foramen.  It  is  at  first  directed  outward  toward  the  inner 
wall  of  the  tympanum,  where  it  forms  a  reddish  gangliform  swelling  (intumescentia 
ganglioformis^  or  geniculate  ganglion)^  and  is  joined  by  several  nerves ;  then  bending 
suddenly  backward,  it  runs  in  the  internal  wall  of  the  tympanum,  above  the 
fenestra  ovalis,  and  at  the  back  of  that  cavity  passes  vertically  downward  behind 
the  tympanum  to  the  stylo-mastoid  foramen.  On  emerging  from  this  aperture  it 
runs  forward  in  the  substance  of  the  parotid  gland,  crosses  the  external  carotid 
artery,  and  divides  behind  the  ramus  of  the  lower  jaw  into  two  primary  branches, 
temporO'facial  and  cervico-facial^  from  which  numerous  offsets  are  distributed  over 
the  side  of  the  head,  face,  and  upper  part  of  the  neck,  supplying  the  superficial 
muscles  in  these  regions.  As  the  primary  branches  and  their  offsets  diverge  from 
each  other  they  present  somewhat  the  appearance  of  a  bird's  claw ;  hence  the 
name  oi  pes  anserinus  is  given  to  the  divisions  of  the  facial  nerve  in  and  near  the 
parotid  gland. 

The  communications  of  the  facial  nerve  may  be  thus  arranged : 

In  the  internal  auditory  meatus    .      With  the  auditory  nerve. 

With    Meckel's    ganglion   by   the    large 

superficial  petrosal  nerve. 
With    the   otic    ganglion    by    the    small 

superficial  petrosal  nerve. 
With    the    sympathetic   on    the    middle 
meningeal  by  the  external  superficial 
petrosal  nerve. 
^  With  the  glosso-pharyngeal. 
With  the  pneumogastric. 
lis  cAiL  iruiu  Liic  stjiu-mnatuiu  I  With  the  carotid  plexus. 

foramen With  the  auricularis  magnus. 

^  With  the  auriculo-temporal. 
On  the  face With  the  three  divisions  of  the  fifth. 


In  the  aqueductus  Fallopii    .       .  < 


At  its  exit  from  the  stylo-mastoid  <   With  the  carotid  ph 


In  the  internal  auditory  meatus  some  minute  filaments  pass  between  the  facial 
and  auditory  nerves. 

Opposite  the  hiatus  Fallopii  the  gangliform  enlargement  on  the  facial  nerve 
communicates  with  Meckel's  ganglion  by  means  of  the  large  superficial  petrosal 
nerve,  which  forms  its  motor  root;  with  the  otic  ganglion,  by  the  small  superficial 
petrosal  nerve ;  and  with  the  sympathetic  filaments  accompanying  the  middle 
meningeal  artery,  by  the  external  petrosal  (Bidder).  From  the  gangliform  enlarge- 
ment, according  to  Arnold,  a  twig  is  sent  back  to  the  auditory  nerve. 

At  its  exit  from  the  stylo-mastoid  foramen  it  sends  a  twig  to  the  glosso- 
pharyngeal, another  to  the  pneumogastric  nerve,  and  communicates  with  the 
carotid  plexus  of  the  sympathetic,  with  the  great  auricular  branch  of  the  cervical 
plexus,  with  the  auriculo-temporal  branch  of  the  inferior  maxillary  nerve  in  the 
parotid  gland,  and  on  the  face  with  the  terminal  branches  of  the  three  divisions 
of  the  fifth. 

Branches  of  Distribution. 
Within  the  aqueductus  Fallopii  •  ^   p'k  ^    t  r    v.     * 

V  .,•  I 

^^,         .^-         .,       .1  ^    J  f  Posterior  Auricular. 

At  Its  exit  from  the  styio-mastoid  )  ^.       ,  . 
«  "^  ^   Digastric. 

^«'^""'^° \  Stylo-hyoid. 
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On  the  face 


Temporo-facial 


Cervico-facial 


Temporal. 

Malar. 

Infra-orbital. 

Buccal. 

Supramaxillary. 

Inframaxillary. 


Facial. 


A^  / 


To  retrahens 


TboCCIPITO   FROt* 


Fig.  449.— Plan  of  the  foclal  nerve.    (After  Flower.) 

The  tsnnpanic  branch  arises  from  the  nerve  opposite  the  pyramid ;  it  passes 
through  a  small  canal  in  the  pyramid  and  supplies  the  Stapedius  muscle. 

The  chorda  tympani  is  given  off  from  the  facial  a^  it  passes  vertically  down- 
ward at  the  back  of  the  tympanum,  about  a  quarter  of  an  inch  before  its  exit  from 
the  stylo-mastoid  foramen.  It  passes  from  below  upward  and  forward  in  a 
distinct  canal,  and  enters  the  cavity  of  the  tympanum  through  an  aperture  (iter 
chordce  posteriiis)  on  its  posterior  wall  between  the  opening  of  the  mastoid  cells 
and  the  attachment  of  the  membrana  tympani,  and  becomes  invested  with  mucous 
membrane.  It  passes  forward  through  the  cavity  of  the  tympanum,  between  the 
handle  of  the  malleus  and  vertical  ramus  of  the  incus,  to  its  anterior  inferior 
angle,  and  emerges  from  that  cavity  through  a  foramen  at  the  inner  end  of  the 
Glaserian  fissure,  which  is  called  the  iter  chordce  anterius^  or  canal  of  Huguier. 
It  then  descends  between  the  two  Pterygoid  muscles,  meets  the  lingual  nerve 
at  an  acute  angle,  and  accompanies  it  to  the  submaxillary  gland ;  part  of  it  then 
joins  the  submaxillary  ganglion ;  the  rest  is  continued  onward  into  the  proper 
muscular  fibres  of  the  tongue — the  Inferior  lingualis  muscle.  A  few  of  its  fibres 
probably  pass  through  the  submaxillary  ganglion  to  the  sublingual  gland.  Before 
joining  the  lingual  nerve  it  receives  a  small  communicating  branch  from  the 
otic  ganglion. 

The  Posterior  auricular  nerve  arises  close  to  the  stylo-mastoid  foramen,  and 
passes  upward  in  front  of  the  mastoid  process,  where  it  is  joined  by  a  filament 
from  the  auricular  branch  of   the  pneumogastric,  and  communicates  with  the 
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mastoid  branch  of  the  aiiricularia  magnus  and  with  the  small  occipital.  As  it 
ascends  betweea  the  meatus  and  mastoid  process  it  divides  into  two  branches. 
The  iiuricular  branch  supplies  the  Retrahens  aurem  and  the  small  muscles  on  ihe 
cranial  surface  of  the  pinna.  The  occipital  branch,  the  larger,  passes  backward 
along  the  superior  curved  line  of  the  occipital  bone,  and  supplies  the  occipital 
portion  of  the  Occipito-frontaiis. 

The  digastric  branch  usually  arises  by  a  common  trunk  with  the  Stylo-hyoid 
branch :  it  divides  into  several  filaments,  which  supply  the  posterior  belly  of  the 


Fio.  4M.— Tbe  nerrcB  or  the  scHlp,  face.  o.nd  Bide  of  the  oeck. 

Digastric ;  one  of  these  perforates  that  muscle  to  join  the  glosso-pharyngeal  nerve. 

The  stylo-hyoid  is  a  long  slender  branch,  which  paaees  inward,  entering  the 
Stylo-hyoid  mu.sulc  about  its  middle;  it  communicates  with  the  sympathetic 
filaments  on  the  cxlernal  carotid  artery. 

The  Temporo-focial,  the  larger  of  the  two  terminal  branches,  passes  upward 
and  forward  through  the  parotid  glands,  crosses  the  external  carotid  artery  and 
teraporo-maxillary  vein,  and  passes  over  the  neck  of  the  condyle  of  the  jaw,  being 
connected  in  this  situation  with  the  aiiriculo-temporal  branch  of  the  inferior 
maxillary  norvp,  and  divides  into  branches  which  are  distributed  over  the  temple 
an<l  u|iper  part  of  the  face ;  these  are  divided  into  three  sets — temporal,  malar,  and 
infra-orbital. 
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The  temporal  branches  cross  the  zygoma  to  the  temporal  region,  supplying  the 
Attrahens  and  Attollens  aurem  muscles,  and  join  with  the  temporal  branch  of  the 
temporo-maxillary,  a  branch  of  the  superior  maxillary,  and  with  the  auriculo- 
temporal branch  of  the  inferior  maxillary.  The  more  anterior  branches  supply  the 
frontal  portion  of  the  Occipito-frontalis,  the  Orbicularis  palpebrarum,  and  Corruga- 
tor  supercilii  muscles,  joining  with  the  supra-orbital  and  lachrymal  branches  of 
the  ophthalmic. 

The  malar  branches  pass  across  the  malar  bone  to  the  outer  angle  of  the  orbit, 
where  they  supply  the  Orbicularis  palpebrarum  muscle,  joining  with  filaments  from 
the  lachrymal  nerve;  others  supply  the  lower  eyelid,  joining  with  filaments  of  the 
malar  branch  (subcutaneus  malce)  of  the  superior  maxillary  nerve. 

The  infra-orbital,  of  larger  size  than  the  rest,  pass  horizontally  forward  to  be 
distributed  between  the  lower  margin  of  the  orbit  and  the  mouth.  The  superficial 
branches  run  beneath  the  skin  and  above  the  superficial  muscles  of  the  face,  which 
they  supply  :  some  branches  are  distributed  to  the  Pyramidalis  nasi,  joining  at  the 
inner  angle  of  the  orbit  with  the  infratrochlear  and  nasal  branches  of  the 
ophthalmic.  The  deep  branches  pass  beneath  the  Zygomatici  and  the  Levator  labii 
superioris,  supplying  them  and  the  Levator  anguli  oris,  and  form  a  plexus  {ivfra- 
orbital)  by  joining  with  the  infra-orbital  branch  of  the  superior  maxillary  nerve 
and  the  buccal  branches  of  the  cervico-facial.  This  branch  also  supplies  the 
Levator  labii  superioris  alaeque  nasi  and  the  small  muscles  of  the  nose. 

The  Cervico-facial  division  of  the  facial  nerve  passes  obliquely  downward  and 
forward  through  the  parotid  gland,  crossing  the  external  carotid  artery.  In  this 
situation  it  is  joined  by  branches  from  the  great  auricular  nerve.  Opposite  the 
angle  of  the  lower  jaw  it  divides  into  branches  which  are  distributed  on  the  lower 
half  of  the  face  and  upper  part  of  the  neck.  These  may  be  divided  into  three  sets 
— buccal,  supramaxillary,  and  inframaxillary. 

The  buccal  branches  cross  the  Masseter  muscle.  They  supply  the  Buccinator 
and  Orbicularis  oris,  and  join  with  the  infra-orbital  branches  of  the  temporo-facial 
division  of  the  nerve,  and  with  filaments  of  the  buccal  branch  of  the  inferior 
maxillary  nerve. 

The  supramaxillary  branches  pass  forward  beneath  the  Platysma  and 
Depressor  anguli  oris,  supplying  the  muscles  of  the  lower  lip  and  chin,  and 
communicating  with  the  mental  branch  of  the  inferior  dental  nerve. 

The  inframaxillary  branches  run  forward  beneath  the  Platysma,  and  form  a 
series  of  arches  across  the  side  of  the  neck  over  the  suprahyoid  region.  One  of 
these  branches  descends  vertically  to  join  with  the  superficialis  colli  nerve  from 
the  cervical  plexus;  others  supply  the  Platysma. 

Surgical  Anatomy. — The  facial  nerve  is  more  frequently  paralyzed  than  any  of  the  other 
of  the  cranial  nerves.  The  paralysis  may  depend  either  upon  (1)  central  causes — i.  e.  blood -clots 
or  intracranial  tumors  pressing  on  the  nerve  oefore  its  entrance  into  the  internal  auditory  meatus. 
It  is  also  one  of*  the  nerves  involved  in  *'  bulbar  paralysis."  Or  (2)  it  may  be  paralyzed  in  its 
passage  through  the  petrous  bone  by  dama^re  due  to  middle-ear  disease  or  by  fractures  of  the 
Dase.  ()r  (3)  it  may  be  affected  at  or  aflor  its  exit  from  the  stylo- mastoid  foramen.  This  is 
commonly  known  as  "  Bell's  paralysis."  It  may  be  due  to  exposure  to  cold  or  to  injury  of  the 
nerve,  either  from  accidental  wounds  of  the  face  or  during  some  surgical  operation,  as  removal 
of  parotid  tumors,  0{)ening  of  abscesses,  or  operations  on  the  lower  jaw. 

When  the  cause  is  central  the  sixth  nerve  is  usually  also  paralyzed,  and  there  is  hemiplegia 
on  the  opposite  side.  In  these  cases  the  electrical  reactions  are  the  same  as  in  health  ;  whereas 
when  the  paralysis  is  in  the  course  of  the  nerve  the  reaction  is  usually  lost.  When  the  nerve  is 
parab'zed  m  the  petrous  bone,  in  addition  to  the  parah'sis  of  the  muscles  of  expression  there  is 
loss  of  taste  in  the  anterior  part  of  the  tongue,  and  the  patient  is  unable  to  recognize  the  dift'er- 
ence  between  bitters  and  sweets,  acids  and  salines,  from  involvement  of  the  chorda  tympani. 
The  mouth  is  dry,  because  the  salivar>'  glands  are  not  secreting,  and  the  sense  of  hearing  is 
affected  from  paralysis  of  the  Stapedius.  When  the  cause  of  the  paralysis  is  from  fracture  of 
the  base  of  the  skull,  the  auditory  nerve  and  the  petrosal  nerves,  which  are  connected  with  the 
intumescentia  ganglioformis,  are  also  involved.  When  the  injury  is  after  the  exit  of  the  nerve 
from  the  stylo-mastoid  foramen,  all  the  muscles  of  expression,  except  the  Levator  palpebrse, 
together  with  the  jjosterior  belly  of  the  Digastric  and  Stylo-hyoid,  are  paralyzed.  There  is 
smoothness  of  the  forehead  and  the  patient  is  unable  to  frown:  the  eyelids  cannot  be  closed 
and  the  lower  lid  droops,  so  that  the  punctum  is  no  longer  in  contact  with  the  globe,  and  the 
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tean  ran  down  the  cheek :  there  is  smoothness  of  the  cheek  and  ksB  of  the  naso-hhuJ  fnirow ; 
the  nostril  cannot  be  dilated ;  the  mouth  is  drawn  to  the  socmd  side,  and  there  is  mabQity  to 
whistle;  food  collects  between  the  cheek  and  gum  from  paralysis  of  the  Bucdnator.  Tlie  facial 
nerve  is  at  fault  in  cases  of  so-called  '"  histrionic  spasm,  *  which  consists  in  an  abnoet  constant 
and  uncontrollable  twitching  of  the  muscles  of  the  face.  This  twitcfaini!  is  scMnedmes  so  severe 
as  to  cause  great  discomfort  and  annoyance  to  the  patient  and  to  interfere  with  sleep,  and  for 
its  relief  the  facial  nerve  has  been  stretched.  The  operation  is  perfonned  b>'  makij^  an  incision 
behind  the  ear  from  the  root  of  the  mastoid  process  to  the  aqzle  of  the  jaw.  The  parotid  is 
turned  forward,  and  the  dissection  carried  along  the  anterior  bolder  of  the  Stemo-mastoid  mus- 
cle and  mastoid  pnxress  until  the  upper  border  of  the  posterior  belly  of  the  Digastric  is  found. 
The  nerve  is  parallel  to  this  on  about  a  level  of  the  middle  of  the  mastoid  prueessl  When  found, 
the  nerve  must  be  stretched  by  passing  a  blunt  hook  beneath  it  and  pulling  it  forward  and  out- 
ward.    Too  great  force  must  not  be  used,  for  fear  of  permanent  injniy  to  tlie  nerve. 

Eighth  Nenre. 

The  Eighth  or  Auditory  Nerve  {portio  mollis)  is  the  special  ner^e  of  the  sense 
of  bearing,  being  distributed  exclusively  to  the  internal  ear. 

Its  superficial  origin  is  from  the  groove  between  the  olivary  and  restiform 
bodies  at  the  lower  border  of  the  pons.  It  lies  e.xternal  to  the  facial  nerve.  It 
has  two  deep  origins :  1.  From  a  prominence,  the  auditory  tubercle^  on  the  outer 
side  of  the  inferior  fovea  on  the  floor  of  the  fourth  ventricle.  2.  From  a  nucleus 
situated  at  the  lateral  angle  of  the  same  ventricle.  The  auditory  nerve  winds 
round  the  restiform  body,  and  passes  forward  across  the  posterior  border  of  the 
middle  peduncle  of  the  cerebellum,  in  company  with  the  facial  nerve,  from  which 
it  is  partially  separated  by  a  small  artery  (auditory).  It  then  enters  the  internal 
auditory  meatus  with  the  facial  nerve.  At  the  bottom  of  the  meatus  it  receives 
one  or  two  filaments  from  the  facial  nerve,  and  then  divides  into  two  branches, 
cochlear  and  vestibular^  which  are  distributed,  the  former  to  the  cochlea,  the  latter 
to  the  vestibule  and  semicircular  canals.  The  auditory  nerve  is  soft  in  texture 
(hence  the  name  portio  mollis)^  and  is  destitute  of  neurilemma.  The  distribution 
of  the  auditory  nerve  in  the  internal  ear  will  be  found  described  along  with  the 
anatomy  of  that  organ  in  a  subsequent  page. 

Surgical  Anatomy. — Tlie  auditory  nerve  is  frequently  injured,  together  with  the  facial 
nerve,  in  fractures  of  the  middle  fossa  of  the  base  of  the  skull  implicating  the  internal  auditor}' 
meatus.  The  nerve  may  be  either  torn  across,  producing  permanent  deafness,  or  it  may  be 
bruised  or  pressed  upon  by  extravasated  blood  or  infiammatoiy  exudation,  when  the  deafness 
will  in  all  probability  be  temporary.  The  nerve  may  also  be  injured  by  violent  blows  on  the 
head  without  fracture,  and  deafness  may  arise  from  loud  explosions  from  dvTianiite,  etc.,  prob 
ably  from  some  lesion  of  this  nerve,  which  is  more  liable  to  be  injured  than  the  other  cranial 
nerves  on  account  of  its  structure.  The  test  that  the  nerve  is  destroyed  and  that  the  deafness  is 
not  due  to  some  lesion  of  the  auditory  apparatus  is  obtained  by  placing  a  vibrating  tuning-fork 
on  the  head.  The  vibrations  will  be  heard  in  cases  where  the  auditory  apparatus  is  at  fault,  but 
not  in  cases  of  destruction  of  the  auditory  nerve. 

Ninth  Pair  (Figs.  451,  452,  453). 

The  Ninth  or  Glosso-pharsmgeal  Nerve  (Figs.  451,  452,  453)  is  distributed,  as 
its  name  implies,  to  the  tongue  and  pharynx,  being  the  nerve  of  sensation  to  the 
mucous  membrane  of  the  pharynx,  fauces,  and  tonsil,  and  a  special  nerve  of  taste 
to  all  the  parts  of  the  tongue  to  which  it  is  distributed.  Its  superficial  origin 
is  by  three  or  four  filaments  closely  connected  together,  from  the  upper  part 
of  the  medulla  oblongata,  in  the  groove  between  the  olivary  and  the  restiform 
body. 

its  deep  origin  may  be  traced  through  the  fasciculi  of  the  lateral  tract  to  a 
nucleus  of  gray  matter  at  the  lower  part  of  the  floor  of  the  fourth  ventricle, 
beneath  the  inferior  fovea,  below  the  inner  nucleus  of  the  auditory  nerve,  and 
above  that  of  the  pneumogastric.  From  its  superficial  origin  it  passes  outward 
across  the  flocculus,  and  leaves  the  skull  at  the  central  part  of  the  jugular  fora- 
men, in  a  separate  sheath  of  the  dura  mater,  in  front  of  the  pneumogastric  and 
spinal  accessory  nerves  (Fig.  386).  In  its  passage  through  the  jugular  foramen 
it  grooves  the  lower  border  of  the  petrous  portion  of  the  temporal  bone,  and 
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The  temporal  branches  cross  the  zygoma  to  the  temporal  region,  supplying  the 
Attrahens  and  Attollens  aurem  muscles,  and  join  with  the  temporal  branch  of  the 
temporo-maxillary,  a  branch  of  the  superior  maxillary,  and  with  the  auriculo- 
temporal branch  of  the  inferior  maxillary.  The  more  anterior  branches  supply  the 
frontal  portion  of  the  Occipito-frontalis,  the  Orbicularis  palpebrarum,  and  Corruga- 
tor  supercilii  muscles,  joining  with  the  supra-orbital  and  lachrymal  branches  of 
the  ophthalmic. 

The  malar  branches  pass  across  the  malar  bone  to  the  outer  angle  of  the  orbit, 
where  they  supply  the  Orbicularis  palpebrarum  muscle,  joining  with  filaments  from 
the  lachrymal  nerve;  others  supply  the  lower  eyelid,  joining  with  filaments  of  the 
malar  branch  (subcutaneus  malce)  of  the  superior  maxillary  nerve. 

The  infra-orbital^  of  larger  size  than  the  rest,  pass  horizontally  forward  to  be 
distributed  between  the  lower  margin  of  the  orbit  and  the  mouth.  The  superficial 
branches  run  beneath  the  skin  and  above  the  superficial  muscles  of  the  face,  which 
they  supply :  some  branches  are  distributed  to  the  Pyramidalis  nasi,  joining  at  the 
inner  angle  of  the  orbit  with  the  infratrochlear  and  nasal  branches  of  the 
ophthalmic.  The  deep  branches  pass  beneath  the  Zygomatici  and  the  Levator  labii 
superioris,  supplying  them  and  the  Levator  anguli  oris,  and  form  a  plexus  {infra- 
orbital)  by  joining  with  the  infra-orbital  branch  of  the  superior  maxillary  nerve 
and  the  buccal  branches  of  the  cervico-facial.  This  branch  also  supplies  the 
Levator  labii  superioris  alaeque  nasi  and  the  small  muscles  of  the  nose. 

The  Cervico-facial  division  of  the  facial  nerve  passes  obliquely  downward  and 
forward  through  the  parotid  gland,  crossing  the  external  carotid  artery.  In  this 
situation  it  is  joined  by  branches  from  the  great  auricular  nerve.  Opposite  the 
angle  of  the  lower  jaw  it  divides  into  branches  which  are  distributed  on  the  lower 
half  of  the  face  and  upper  part  of  the  neck.  These  may  be  divided  into  three  sets 
— buccal,  supramaxillary,  and  inframaxillary. 

The  buccal  branches  cross  the  Masseter  muscle.  They  supply  the  Buccinator 
and  Orbicularis  oris,  and  join  with  the  infra-orbital  branches  of  the  temporo-facial 
division  of  the  nerve,  and  with  filaments  of  the  buccal  branch  of  the  inferior 
maxillarv  nerve. 

The  supramaxillary  branches  pass  forward  beneath  the  Platysma  and 
Depressor  anguli  oris,  supplying  the  muscles  of  the  lower  lip  and  chin,  and 
communicating  with  the  mental  branch  of  the  inferior  dental  nerve. 

The  inframaxillary  branches  run  forward  beneath  the  Platysma,  and  form  a 
series  of  arches  across  the  side  of  the  neck  over  the  suprahyoid  region.  One  of 
these  branches  descends  vertically  to  join  with  the  superficialis  colli  nerve  from 
the  cervical  plexus;  others  supply  the  Platysma. 

Surgical  Anatomy. — The  facial  nerve  is  more  frequently  paralyzed  than  any  of  the  other 
of  the  cranial  nerves.  The  paralysis  may  depend  either  upon  (1)  central  causes — i  e.  blood-clots 
or  intracranial  tumors  pressing  on  the  nerve  oefore  its  entrance  into  the  internal  auditory  meatus. 
It  is  also  one  of*  the  nerves  involved  in  ^'  bulbar  paralysis."  Or  (2)  it  may  be  paralyzed  in  its 
passage  through  the  ])etrous  bone  by  damage  due  to  middle-ear  disease  or  by  fractures  of  the 
base.  Or  (3)  it  may  })e  affected  at  or  after  its  exit  from  the  stylo-mastoid  foramen.  This  is 
commonly  known  as  '*  Bell's  paralysis."  It  may  be  due  to  exposure  to  cold  or  to  iiyury  of  the 
nerve,  either  from  accidental  wounds  of  the  face  or  during  some  surgical  operation,  as  removal 
of  parotid  tumors,  opening  of  abscesses,  or  operations  on  the  lower  jaw. 

When  the  cause  is  central  the  sixth  nerve  is  usually  also  paralyzed,  and  there  is  hemiplegia 
on  the  opposite  side.  In  these  cases  the  electrical  reactions  are  the  same  as  in  health ;  whereas 
when  the  paralysis  is  in  the  course  of  the  nerve  the  reaction  is  usually  lost.  When  the  nerve  is 
paralyzed  m  the  petrous  bone,  in  addition  to  the  paral^-sis  of  the  muscles  of  expression  there  is 
loss  of  taste  in  the  anterior  part  of  the  tongue,  and  the  patient  is  unable  to  recognize  the  differ- 
ence between  bitters  and  sweets,  acids  and  salines,  from  involvement  of  the  chorda  tympani. 
The  mouth  is  dry,  because  the  salivary  glands  are  not  secreting,  and  the  sense  of  hearing  is 
affected  from  paralysis  of  the  Stapedius.  When  the  cause  of  the  paral^^sis  is  from  fracture  of 
the  ba.se  of  the  skull,  the  auditory  nerve  and  the  petrosal  nerves,  which  are  connected  with  the 
intumes(!entia  ganglioformis,  are  also  involved.  \V  hen  the  injury  is  afler  the  exit  of  the  nerve 
from  the  stylo-mastoid  foramen,  all  the  muscles  of  expression,  except  the  Levator  palpebrse, 
together  with  the  posterior  belly  of  the  Digastric  and  Stylo-hyoid,  are  paralyzed.  There  is 
smoothness  of  the  forehead  and  the  patient  is  unable  to  frown:  the  eyelids  cannot  be  closed 
and  the  lower  lid  droops,  so  that  the  punctum  is  no  longer  in  contact  with  the  globe,  and  the 
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tears  run  down  the  cheek ;  there  is  smoothness  of  the  cheek  and  loss  of  the  naso-labial  fiirrow ; 
the  nostril  cannot  be  dilated ;  the  mouth  is  drawn  to  the  sound  side,  and  there  is  inability  to 
whistle ;  food  collects  between  the  cheek  and  gum  from  paralysis  of  the  Buccinator.  The  faciaJ 
nerve  is  at  fault  in  cases  of  so-called  *'  histrionic  spasm,  which  consists  in  an  almost  constant 
and  uncontrollable  twitching  of  the  muscles  of  the  face.  This  twitching  is  sometimes  so  severe 
as  to  cause  great  discomfort  and  annoyance  to  the  patient  and  to  interfere  with  sleep,  and  for 
its  relief  the  facial  nerve  has  been  stretched.  The  operation  is  performed  by  making  an  incision 
behind  the  ear  from  the  root  of  the  mastoid  process  to  the  an^le  of  the  jaw.  The  parotid  is 
turned  forward,  and  the  dissection  carried  along  the  anterior  border  of  the  Stemo-mastoid  mus- 
cle and  mastoid  process  until  the  upper  border  of  the  posterior  belly  of  the  Digastric  is  found. 
The  nerve  is  parallel  to  this  on  about  a  level  of  the  middle  of  the  mastoid  process.  When  found, 
the  nerve  must  be  stretched  by  passing  a  blunt  hook  beneath  it  and  pulling  it  forward  and  out- 
ward.   Too  great  force  must  not  be  used,  for  fear  of  permanent  injury  to  the  nerve. 

Eighth  Nerve. 

The  Eighth  or  Auditory  Nerve  {portio  mollis)  is  the  special  nerve  of  the  sense 
of  hearing,  being  distributed  exclusively  to  the  internal  ear. 

Its  superficial  origin  is  from  the  groove  between  the  olivary  and  restiform 
bodies  at  the  lower  border  of  the  pons;  It  lies  external  to  the  facial  nerve.  It 
has  two  deep  origins :  1.  From  a  prominence,  the  auditory  tubercle,  on  the  outer 
side  of  the  inferior  fovea  on  the  floor  of  the  fourth  ventricle.  2.  From  a  nucleus 
situated  at  the  lateral  angle  of  the  same  ventricle.  The  auditorv  nerve  winds 
round  the  restiform  body,  and  passes  forward  across  the  posterior  border  of  the 
middle  peduncle  of  the  cerebellum,  in  company  with  the  facial  nerve,  from  which 
it  is  partially  separated  by  a  small  artery  (auditory).  It  then  enters  the  internal 
auditorv  meatus  with  the  facial  nerve.  At  the  bottom  of  the  meatus  it  receives 
one  or  two  filaments  from  the  facial  nerve,  and  then  divides  into  two  branches, 
cochlear  and  vestibular^  which  are  distributed,  the  former  to  the  cochlea,  the  latter 
to  the  vestibule  and  semicircular  canals.  The  auditorv  nerve-  is  soft  in  texture 
(hence  the  name  portio  mollis),  and  is  destitute  of  neurilemma.  The  distribution 
of  the  auditory  nerve  in  the  internal  ear  will  be  found  described  along  with  the 
anatomy  of  that  organ  in  a  subsequent  page. 

Surgical  Anatomy. — ^The  auditory  nerve  is  frequently  injured,  together  with  the  facial 
nerve,  in  fractures  of  the  middle  fossa  of  the  base  of  the  skull  implicating  the  internal  auditor}* 
meatus.  The  nerve  may  be  either  torn  across,  producing  permanent  deafness,  or  it  may  be 
bruised  or  pressed  upon  by  extravasated  blood  or  inflammatoiy  exudation,  when  the  deafness 
will  in  all  probability  be  temporary.  The  nerve  may  also  be  injured  by  violent  blows  on  the 
head  without  fracture,  and  deafness  may  arise  from  loud  explosions  from  dynamite,  etc.,  prob 
ably  from  some  lesion  of  this  nerve,  which  is  more  liable  to  be  injured  than  the  other  cranial 
nerves  on  account  of  its  structure.  The  test  that  the  nerve  is  destroyed  and  that  the  deafness  is 
not  due  to  some  lesion  of  the  auditory  apparatus  is  obtained  by  placing  a  vibrating  tuning-fork 
on  the  head.  The  vibrations  will  be  heard  in  cases  where  the  auaitor>'  apparatus  is  at  fault,  but 
not  in  cases  of  destruction  of  the  auditory  nerve. 

Ninth  Pair  (Figs.  451,  452,  453). 

The  Ninth  or  Glosso-pharsmgeal  Nerve  (Figs.  451,  452,  453)  is  distributed,  as 
its  name  implies,  to  the  tongue  and  pharynx,  being  the  nerve  of  sensation  to  the 
mucous  membrane  of  the  pharynx,  fauces,  and  tonsil,  and  a  special  nerve  of  taste 
to  all  the  parts  of  the  tongue  to  which  it  is  distributed.  Its  superficial  origin 
is  by  three  or  four  filaments  closely  connected  together,  from  the  upper  part 
of  the  medulla  oblongata,  in  the  groove  between  the  olivary  and  the  restiform 
bodv. 

•  - 

Its  deep  origin  may  be  traced  through  the  fasciculi  of  the  lateral  tract  to  a 
nucleus  of  gray  matter  at  the  lower  part  of  the  floor  of  the  fourth  ventricle, 
beneath  the  inferior  fovea,  below  the  inner  nucleus  of  the  auditory  nerve,  and 
above  that  of  the  pneumogastric.  From  its  superficial  origin  it  passes  outward 
across  the  flocculus,  and  leaves  the  skull  at  the  central  part  of  the  jugular  fora- 
men, in  a  separate  sheath  of  the  dura  mater,  in  front  of  the  pneumogastric  and 
spinal  accessory  nerves  (Fig.  386).  In  its  passage  through  the  jugular  foramen 
it  grooves  the  lower  border  of  the  petrous  portion  of  tne  temporal  bone,  and 
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at  its  exit  from  the  skull  passes  forward  between  the  jugular  vein  and  internal 
carotid  artery,  and  descends  in  front  of  the  latter  vessel,  and  beneath  the  styloid 
process  and  the  muscles   connected  with  it,  to  the  lower  border  of  the  Stylo- 
pharyngeus.     The  nerve  now  curves  inward,  forming  an  arch  on  the  side  of  the 
neck,  and  lying  upon  the  Stylo-pharyngeus  and  Mid- 
dle eonatrictor  of  the  pharynx,  above  the  superior 
laryngeal  nerve.     It  then  passes  beneath  the  Hyo- 
glossus,  and   is  finally    distributed    to    the    mucous 
membrane  of  the  fauces  and  base  of  the  tongue,  and 
ihe  mucous  glands  of  the  mouth  and  tonsil. 

In  passing  through  the  jugular  foramen  the  nerve 
presents,    in    succession,    two   gangliform   enlarge- 
loentB.     The  superior,  the  smaller,  is  called  the  jug- 
ular ganylion  ;  the  inferior  and  larger,  the  petrous  "'■ 
ganglion,  or  tha  ganglion  of  Andersch.                             FiG.wi.-Nervwofiheeighthpair, 

The  superior,  or  jupOar,  ganglion  is  situated  in  the  {u,^^""^^"'  gangUa,  and  c™muiiio»- 
upper  part  of  the  groove  in  which  the  nerve  is  lodged 

during  its  passage  through  the  jugular  foramen.  It  is  of  very  small  size,  and 
involves  only  the  lower  part  of  the  trunk  of  the  nerve.  It  is  usually  regarded 
as  a  segmentation  from  the  lower  ganglion. 

The  inferior,  or  petrous,  ganglion  is  situated  in  a  depression  in  the  lower  bor- 
der of  the  petrous  portion  of  the  temporal  bone ;  it  is  larger  than  the  former  and 
involves  the  whole  of  the  fibres  of  the  nerve.  From  this  ganglion  arise  those 
filaments  which  connect  the  glosso-pharyngeal  with  the  pneumogastric  and  sym- 
pathetic nerves. 

The  branches  of  communication  are  with  the  pneumogastric.  sympathetic,  and 
facial. 

The  branches  to  the  pneumogastric  are  two  filaments,  arising  from  the  petrous 
ganglion,  one  to  its  auricular  branch,  and  one  to  the  upper  ganglion  of  the 
pneumogastric. 

The  branch  to  the  sympathetic,  also  arising  from  the  petrous  ganglion,  is  con- 
nected with  the  superior  cervical  ganglion. 

The  branch  of  communication  witn  the  facial  perforates  the  posterior  befly  of 
the  Digastric.  It  arises  from  the  trunk  of  the  nerve  below  the  petrous  ganglion, 
and  joins  the  facial  just  after  its  exit  from  the  stylo-raastoid  foramen. 

The  branches  of  distribution  are  the  tympanic,  cai-otid,  pharyngeal,  muscular, 
tonsillar,  and  lingual. 

The  tympanic  branch  (Jaeobfion's  nerve)  arises  from  the  petrous  ganglion,  and 
enters  a  small  bony  canal  in  the  lower  surface  of  the  petrous  portion  of  the  tem- 
|ioral  bone,  the  lower  opening  of  which  is  situated  on  the  bony  ridge  which  sep- 
arates the  carotid  canal  from  the  jugular  fossa.  It  ascends  to  the  tympanum, 
enters  that  cavity  by  an  aperture  in  its  floor  close  to  the  inner  wall,  and  divides 
into  branches  which  are  contained  in  grooves  upon  the  surface  of  the  promontory, 
forming  the  tympanic  plexus. 

Its  branches  of  distribution  are — one  to  the  fenestra  rotunda,  one  to  the  fenestra 
ovalis,  and  one  to  the  lining  membrane  of  the  tvmpanum  and  Eustachian  tube 

Its  branches  of  communication  are  three,  and  occupy  separate  grooves  on  the 
surface  of  the  promontory.  One  branch,  the  small  deep  petrosal,  arches  forward 
and  downward  to  the  carotid  canal  to  join  the  carotid  plexus.  A  second,  the 
long  petrosal  nerve,  runs  forward  through  a  canal  close  to  or  in  the  processus 
cochleariformis  and  enters  the  foramen  lacerum  medium,  where  it  joins  the 
carotid  plexus  of  the  sympathetic,  and  generally  the  large  superficial  petrosal 
nerve.  The  third  branch  runs  upward  through  the  substance  of  the  petrous  por- 
tion of  the  temporal  bone.  In  its  course  it  passes  hy  the  ganglifonn  enlargement 
of  the  facial  nerve,  and,  receiving  a  connecting  filament  from  it,  becomes  the 
small  superficial  petrosal  nerve.  This  nerve  enters  the  skull  through  a  small 
aperture  situated  external  to  the  hiatus  Fallopii  on  the  anterior  surface  of  the 
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Fig.  452.— Plan  of  the  glossopharyngeal,  pneumogastric,  and  spinal  accessory  nerves.    (After  Flower,) 

petrous  bone,  courses  forward  across  the  base  of  the  skull,  and  emerges  through 
a  foramen  in  the  middle  fossa  (sometimes  in  the  foramen  ovale),  and  joins  the  otic 
ganglion. 
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The  carotid  braachea  descend  along  the  trunk  of  the  internal  carotid  artery  as 
far  as    ita   commencement,  communicating  with  the  pharyngeal  branch  of  the 
pneumngaatric  and  with  branches 
of  the  sympathetic. 

The  pharyngeal  braachea  are  " 
three  or  four  filaments  which 
unite  opposite  the  Middle  con- 
strictor of  the  pharynx  with  the 
pharyngeal  branchesof  the  pneu- 
mogastric.  the  external  laryngeal, 
and  sympathetic  nerves  to  form 
the  pharyngeal  plexus,  branches 
from  which  perforate  the  muscu- 
lar coat  of  the  pharynx  to  sup- 
ply the  muscles  and  mucous 
membrane. 

The  mnecniar  branch  is  dis- 
tributed to  the  Stylo-pharyngeus, 

The  tonsillar  branches  supply 
the  tonsil,  forming  a  plexus  {cir- 
cuius  tonsillaris)  around  this 
body,  from  which  branches  are 
distributed  to  the  soft  palate  and 
fauces,  where  they  communicate 
with  the  palatine  nerves. 

The  lingual  branches  are  two 
in  number:  one  supplies  the 
circumvallate  papillie  and  the 
mucous  membrane  covering  the 
surface  of  the  base  of  the  tongue ; 
the  other  perforates  its  substance, 
and  supplies  the  mucous  mem- 
brane and  follicular  glands  of 
the  tongue  and  anterior  surface 
of  the  epiglottis. 

Tenth  Pair  (Figa.  452,  453). 

The  Tenth  or  Pnetimogastrlc 
Nerve  (nervus  vagus  or  par 
vatjum)  has  a  more  extensive 
distribution  than  any  of  the 
other  cranial  nerves,  passing 
through  the  neck  and  thorax  to 
the  upper  part  of  the  abdomen. 
It  is  composed  of  both  motor  and 
sensory  fibres.  It  supplies  the 
organs  of  voice  and  respiration 
with  motor  and  sensory  fibres, 
and  the  pharynx,  ccsophagus, 
stomach,  and  heart  with  motor 

fibres.      Its   superfieiiil   origin   is      Fio.ISS.— Courseanddietrlbutlonof  ihoelghih  pntrofnervw. 
by  eight  or  ten  filaments  from 

the  groove  between  the  olivary  and  the  restiform  body  below  the  glosso-pharyn- 
geal;  its  dvcp  origin  may  be  traced  through  the  fasciculi  of  the  medulla,  to 
tenninate  in  a  nucleus  of  gray  matter  at  the  lower  part  of  the  floor  of  the 
fourth    ventricle,   below   and    continuous   with   the    nucleus   of  origin   of    the 
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glosso-pharyngeal.  The  filaments  become  united  and  form  a  flat  cord,  which 
passes  outward  beneath  the  flocculus  to  the  jugular  foramen,  through  which 
it  emerges  from  the  cranium.  In  passing  through  this  opening  the  pneu- 
mogastric  accompanies  the  spinal  accessory,  being  contained  in  the  same 
sheath  of  dura  mater  with  it,  a  membranous  septum  separating  it  from  the 
glosso-pharyngeal,  which  lies  in  front  (Fig.  386).  The  nerve  in  this  situation 
presents  a  well-marked  ganglionic  enlargement,  which  is  called  the  jugular  gan- 
glion,  or  the  ganglion  of  the  root  of  the  pneumogastric :  to  it  the  accessory  part 
of  the  spinal  accessory  nerve  is  connected  by  one  or  two  filaments.  After  the  exit 
of  the  nerve  from  the  jugular  foramen  the  nerve  is  joined  by  the  accessory  portion 
of  the  spinal  accessory,  and  enlarged  into  a  second  gangliform  swelling,  called  the 
ganglion  inferiuSy  or  the  ganglion  of  the  trunk  of  the  nerve^  through  which  the 
fibres  of  the  spinal  accessory  pass  unchanged,  being  principally  distributed  to  the 
pharyngeal  and  superior  laryngeal  branches  of  the  vagus ;  but  some  of  the  fila- 
ments from  it  are  continued  into  the  trunk  of  the  vagus  below  the  ganglion,  to  be 
distributed  with  the  recurrent  laryngeal  nerve,  and  probably  also  with  the  cardiac 
nerves.  The  nerve  passes  vertically  down  the  neck  within  the  sheath  of  the  carotid 
vessels  lying  between  the  internal  carotid  artery  and  internal  jugular  vein  as  far  as 
the  thyroid  cartilage,  and  then  between  the  same  vein  and  the  common  c^-rotid  to 
the  root  of  the  neck.  Here  the  course  of  the  nerve  becomes  different  on  the  two 
sides  of  the  body. 

On  the  right  side  the  nerve  passes  across  the  subclavian  artery  between  it  and 
the  right  innominate  vein,  and  descends  by  the  side  of  the  trachea  to  the  back  part 
of  the  root  of  the  lung,  where  it  spreads  out  in  a  plexiform  network  {posterior  pul- 
monary), from  the  lower  part  of  which  two  cords  descend  upon  the  oesophagus,  on 
which  they  divide,  forming,  with  branches  from  the  opposite  nerve,  the  oesophageal 
\AQX\i^{j)lexus  guliv);  below,  these  branches  are  collected  into  a  single  cord,  which 
runs  along  the  back  part  of  the  oesophagus,  enters  the  abdomen,  and  is  distributed 
to  the  posterior  surface  of  the  stomach,  joining  the  left  side  of  the  solar  plexus,  and 
sending  filaments  to  the  splenic  plexus  and  a  considerable  branch  to  the  coeliac 
plexus. 

On  the  left  side  the  pneumogastric  nerve  enters  the  chest  between  the  left 
carotid  and  subclavian  arteries,  behind  the  left  innominate  vein.  It  crosses  the 
arch  of  the  aorta  and  descends  behind  the  root  of  the  left  lung,  forming  the  poste- 
rior jmhnonary  plexus^  and  along  the  anterior  surface  of  the  oesophagus,  where  it 
unites  w4th  the  nerve  of  the  right  side  in  forming  the  plexus  gulae,  to  the  stomach, 
distributing  branches  over  its  anterior  surface,  some  extending  over  the  great 
ctil'de-sacy  and  others  along  the  lesser  curvature.  Filaments  from  these  branches 
enter  the  gastro-hepatic  omentum  and  join  the  hepatic  plexus. 

The  ganglion  of  the  root  is  of  a  grayish  color,  circular  in  form,  about 
two  lines  in  diameter,  and  resembles  the  ganglion  on  the  large  root  of  the  fifth 
nerve. 

Connecting  Branches, — To  this  ganglion  the  accessory  portion  of  the  spinal 
accessory  nerve  is  connected  by  several  delicate  filaments  ;  it  also  has  a  communi- 
cating tw^ig  with  the  petrous  ganglion  of  the  glosso-pharyngeal,  with  the  facial 
nerve  by  means  of  its  auricular  branch,  and  with  the  sympathetic  by  means  of  an 
ascending  filament  from  the  superior  cervical  ganglion. 

The  ganglion  of  the  trunk  (inferior)  is  a  plexiform  cord,  cylindrical  in 
form,  of  a  reddish  color,  and  about  an  inch  in  length ;  it  involves  the  w^hole 
of  the  fibres  of  the  nerve,  and  passing  through  it  is  the  accessory  portion  of 
the  spinal  accessory  nerve,  which  blends  with  the  pneumogastric  below  the 
ganglion,  and  is  then  principally  continued  into  it«  pharyngeal  and  superior 
laryngeal  branches. 

Connecting  Branches. — This  ganglion  is  connected  with  the  hypoglossal,  the 
superior  cervical  ganglion  of  the  sympathetic,  and  the  loop  between  the  first  and 
second  cervical  nerves. 

The  branches  of  the  pneumogastric  are — 
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T    xL    •       1      r  f  Meningeal. 

In  the  jugular  fossa     .         .         .    |  Auricular. 

I  Pharyngeal. 

In  the  neck  J  Superior  laryngeal. 

I  Kecurrent  laryngeal. 
I  Cervical  cardiac. 
I  Thoracic  cardiac. 

T    ^1     ^1  J  Anterior  pulmonary. 

In  the  thorax      .         .         .         -^dxi  ^ 

I  rosterior  pulmonary. 

(^(Esophageal. 

In  the  abdomen  ....       Gastric. 

The  meningeal  branch  is  a  recurrent  branch  given  off  from  the  ganglion  of  the 
root  in  the  jugular  foramen.  It  passes  backward,  and  is  distributed  to  the  dura  mater 
covering  the  posterior  fossa  of  the  base  of  the  skull. 

The  auricular  branch  {Arnold! %)  arises  from  the  ganglion  of  the  root,  and  is 
joined  soon  after  its  origin  by  a  filament  from  the  petrous  ganglion  of  the  glosso- 
pharyngeal ;  it  passes  outward  behind  the  jugular  vein,  and  enters  a  small  canal 
on  the  outer  wall  of  the  jugular  fossa.  Traversing  the  substance  of  the  temporal 
bone,  it  crosses  the  aqueductus  Fallopii  about  two  lines  above  its  termination  at 
the  stylo-mastoid  foramen ;  here  it  gives  off  an  ascending  branch,  which  joins  the 
facial :  the  continuation  of  the  nerve  reaches  the  surface  by  passing  through  the 
auricular  fissure  between  the  mastoid  process  and  the  external  auditory  meatus,  and 
divide*  into  two  branches,  one  of  which  communicates  with  the  posterior  auricular 
nerve,  while  the  other  supplies  the  integument  at  the  back  part  of  the  pinna  and 
the  posterior  part  of  the  external  auditory  meatus. 

The  pharyngeal  branch,  the  principal  motor  nerve  of  the  pharynx,  arises  from 
the  upper  part  of  the  inferior  ganglion  of  the  pneumogastric.  It  consists  principally 
of  filaments  from  the  accessory  portion  of  the  spinal  accessory :  it  passes  across 
the  internal  carotid  artery  (in  front  or  behind)  to  the  upper  border  of  the  Middle 
constrictor,  where  it  divides  into  numerous  filaments,  which  join  with  those  from 
the  glosso-pharyngeal,  superior  laryngeal  (its  external  branch),  and  sympathetic, 
to  form  the  pharyngeal  plexus,  from  which  branches  are  distributed  to  the  muscles 
and  mucous  membrane  of  the  pharynx  and  the  muscles  of  the  soft  palate.  From 
the  pharyngeal  plexus  a  minute  filament  is  given  off,  which  descends  and  joins  the 
hypoglossal  nerve  as  it  winds  round  the  occipital  artery. 

The  superior  larsmgeal  is  the  nerve  of  sensation  to  the  larynx.  It  is  larger  than 
the  preceding,  and  arises  from  the  middle  of  the  inferior  ganglion  of  the  pneumo- 
gastric. It  consists  principally  of  filaments  from  the  accessory  portion  of  the  spinal 
accessory.  In  its  course  it  receives  a  branch  from  the  superior  cervical  ganglion 
of  the  sympathetic.  It  descends  by  the  side  of  the  pharynx  behind  the  internal 
carotid,  where  it  divides  into  two  branches,  the  external  and  internal  laryngeal. 

The  external  laryngeal  branch^  the  smaller,  descends  by  the  side  of  the  larynx, 
beneath  the  Sterno- thyroid,  to  supply  the  Crico-thyroid  muscle.  It  gives  branches 
to  the  pharyngeal  plexus  and  the  Inferior  constrictor,  and  communicates  with  the 
8U{)erior  cardiac  nerve,  behind  the  common  carotid. 

The  internal  laryngeal  branch  descends  to  the  opening  in  the  thyro-hyoid 
membrane,  through  which  it  passes  with  the  superior  laryngeal  artery,  and  is 
distributed  to  the  mucous  membrane  of  the  larynx.  A  small  branch  communicates 
with  the  recurrent  laryngeal  nerve.  The  branches  to  the  mucous  membrane  are 
distributed,  some  in  front  to  the  epiglottis,  the  base  of  the  tongue,  and  the 
epiglottidean  glands ;  while  others  pass  backward,  in  the  aryteno-epiglottidean 
fold,  to  supply  the  mucous  membrane  surrounding  the  superior  orifice  of  the 
larvnx,  as  well  as  the  membrane  which  lines  the  cavitv  of  the  larvnx  as  low  down 
as  the  vocal  cord.  The  filament  which  joins  with  the  recurrent  laryngeal  descends 
beneath  the  mucous  membrane  on  the  inner  surface  of  the  thyroid  cartilage,  where 
the  two  nerves  become  united. 
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The  inferior  or  recurrent  larsmgeal,  so  called  from  its  reflected  course,  is  the 
motor  nerve  of  the  larynx.  It  arises  on  the  right  side,  in  front  of  the  subclavian 
artery ;  winds  from  before  backward  round  that  vessel,  and  ascends  obliquely  to 
the  side  of  the  trachea,  behind  the  common  carotid  and  inferior  thyroid  arteries. 
On  the  left  side  it  arises  in  front  of  the  arch  of  the  aorta,  and  winds  from  before 
backward  round  the  aorta  at  the  point  where  the  remains  of  the  ductus  arteriosus 
are  connected  with  it,  and  then  ascends  to  the  side  of  the  trachea.  The  nerves  on 
both  sides  ascend  in  the  groove  between  the  trachea  and  oesophagus,  and,  passing 
under  the  lower  border  of  the  Inferior  constrictor  muscle,  enter  the  larynx  behind 
the  articulation  of  the  inferior  cornu  of  the  thyroid  cartilage  with  the  cricoid, 
being  distributed  to  all  the  muscles  of  the  larynx,  except  the  Crico-thyroid.  It 
communicates  with  the  Superior  laryngeal  nerve. 

The  recurrent  laryngeal,  as  it  winds  round  the  subclavian  artery  and  aorta, 
gives  off  several  cardiac  filaments,  which  unite  with  the  cardiac  branches  from  the 
pneumogastric  and  sympathetic.  As  it  ascends  in  the  neck  it  gives  off  oesophageal 
branches,  more  numerous  on  the  left  than  on  the  right  side,  which  supply  the 
mucous  membrane  and  muscular  coat  of  the  oesophagus ;  tracheal  branches  to  the 
mucous  membrane  and  muscular  fibres  of  the  trachea :  and  some  pharyngeal 
filaments  to  the  Inferior  constrictor  of  the  pharynx. 

The  cervical  cardiac  branches,  two  or  three  in  number,  arise  from  the  pneumo- 
gastric, at  the  upper  and  lower  part  of  the  neck. 

The  superior  branches  are  small,  and  communicate  with  the  cardiac  branches 
of  the  sympathetic.     They  can  be  traced  to  the  great  or  deep  cardiac  plexus. 

The  inferior  branches^  one  on  each  side,  arise  at  the  lower  part  of  the  neck, 
just  above  the  first  rib.  On  the  right  side  this  branch  passes  in  front  or  by  the 
side  of  the  arteria  innominata,  and  communicates  with  one  of  the  cardiac  nerves 
proceeding  to  the  great  or  deep  cardiac  plexus.  On  the  left  side  it  passes  in  front 
of  the  arch  of  the  aorta  and  joins  the  superficial  cardiac  plexus. 

The  thoracic  cardiac  branches,  on  the  right  side,  arise  from  the  trunk  of  the 
pneumogastric  as  it  lies  by  the  side  of  the  trachea,  and  from  its  recurrent  laryngeal 
branch,  but  on  the  left  side  from  the  recurrent  nerve  only ;  passing  inward,  they 
terminate  in  the  deep  cardiac  plexus. 

The  anterior  pulmonary  branches,  two  or  three  in  number,  and  of  small 
size,  are  distributed  on  the  anterior  aspect  of  the  root  of  the  lungs.  They  join 
with  filaments  from  the  sympathetic,  and  form  the  anterior  pulmonary  plexus. 

The  posterior  pulmonary  branches,  more  numerous  and  larger  than  the  anterior, 
are  distributed  on  the  posterior  aspect  of  the  root  of  the  lung  :  they  are  joined  by 
filaments  from  the  third  and  fourth  (sometimes  also  first  and  second)  thoracic 
ganglia  of  the  sympathetic,  and  form  the  posterior  pulmonary  plexus.  Branches 
from  both  plexuses  accompany  the  ramification  of  the  air-tubes  through  the 
substance  of  the  lungs. 

The  oesophageal  branches  are  given  off  from  the  pneumogastric  both  above  and 
below  the  pulmonary  branches.  The  lower  are  more  numerous  and  larger  than  the 
upper.  They  form,  together  with  branches  from  the  opposite  nerve,  the  oesophageal 
plexus  or  plexus  gulof. 

The  gastric  branches  are  the  terminal  filaments  of  the  pneumogastric  nerve. 
The  nerve  on  the  right  side  is  distributed  to  the  posterior  surface  of  the  stomach, 
and  joins  the  left  side  of  the  coeliac  plexus  and  the  splenic  plexus.  The  nerve 
on  the  left  side  is  distributed  over  the  anterior  surface  of  the  stomach,  some 
filaments  passing  across  the  great  eul-de-saCy  and  others  along  the  lesser  curvature. 
They  unite  with  branches  of  the  right  nerve  and  with  the  sympathetic,  some  fila- 
ments passing  through  the  lesser  omentum  to  the  hepatic  plexus. 

Surgical  Anatomy. — ^Tlie  laryngeal  nerves  are  of  considerable  im{)ortanee  in  considering 
some  of  the  morbid  conditions  of  the  larj-nx.  When  the  peripheral  terminations  of  the  superior' 
lariJ^ngeal  nerve  are  irritated  by  some  foreign  body  passing  over  them,  reflex  spasm  of  the  glottis 
is  the  result.  When  the  trunk  of  this  same  nerve  is  pressed  upon  by,  for  instance,  a  coitre  or 
an  aneurism  of  the  upper  part  of  the  carotid,  we  have  a  peculiar  dry,  brassy  cough.     When  the 
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nerve  is  paralyzed,  we  have  anaesthesia  of  the  mucous  membrane  of  the  larynx,  so  that  foreign 
bodies  can  readily  enter  the  cavity,  and,  in  consequence  of  its  supplying  the  crico-thyroid  muscle, 
the  vocal  cords  cannot  be  made  tense,  and  the  voice  is  deep  and  noarse.  Paralysis  of  the 
superior  laryngeal  nerves  may  be  the  result  of  bulbar  paralvsis,  may  be  a  sequel  to  diphtheria, 
when  both  nerves  are  usually  involved,  or  it  may,  though  less  commonly,  be  caused  by  the 
pressure  of  tumora  or  aneurisms,  when  the  paralysis  is  generally  unilateral.  Irritation  of  the 
mferior  laryngeal  nerves  produces  spasm  ot  the  muscles  of  the  larynx.  When  both  these 
recurrent  ner\xs  are  paralvzed,  the  vocal  cords  are  motionless,  in  the  so-called  *'  cadaveric  posi- 
tion " — that  is  to  say.  in  the  position  in  which  they  are  found  in  ordinary  tranquil  respiration — 
neither  closed  as  in  phonation,  nor  open  as  in  deep  inspiratory  eflforts.  When  one  recurrent 
nerve  is  paralyzed,  the  cord  of  the  same  side  is  motionless,  while  the  opposite  one  crosses  the 
middle  line  to  accommodate  itself  to  the  affected  one ;  hence  phonation  is  present,  but  the  voice 
is  altered  and  weak  in  timbre.  The  recurrent  larvngeal  nerves  may  be  paralyzed  in  bulbar 
paralysis  or  afler  diphtheria,  when  it  usually  affects  both  sides ;  or  they  may  be  affected  by  the 
pressure  of  aneurisms  of  the  aorta,  innominate  or  subclavian  arteries ;  by  mediastinal  tumors ; 
oy  bronchocele  ;  or  by  cancer  of  the  upper  part  of  the  oesophagus,  when  the  paralysis  is  oflen 
unilateral. 

Eleventh  Pair  (Figs.  452,  453). 

The  Eleventh  or  Spinal  Accessory  Nerve  consists  of  two  parts — one  the 
accessory  part  to  the  vagus,  and  the  other  the  spinal  portion. 

The  accessory  part  is  the  smaller  of  the  two.  Its  superficial  origin  is  by  four 
or  five  delicate  filaments  from  the  side  of  the  medulla,  below  the  roots  of  the  vagus. 
Its  def'p  origin  may  be  traced  to  a  nucleus  of  gray  matter  at  the  back  of  the 
medulla,  extending  from  the  level  of  the  top  of  the  calamus  scriptorius  as  far  down 
as  the  intermedio-lateral  tract  of  the  spinal  cord.  It  passes  outward  to  the  jugular 
foramen,  where  it  joins  with  the  spinal  portion  and  with  the  upper  ganglion  of  the 
vagus  by  one  or  two  filaments,  and  is  then  continued  over  the  surface  of  this 
ganglion  to  join  the  trunk  of  the  vagus  after  its  exit  from  the  jugular  foramen. 
The  fibres  of  the  accessory  part  then  pass  unchanged  through  the  inferior  ganglion, 
or  ganglion  of  the  trunk  of  the  vagus,  to  be  distributed  principally  to  the  pharyngeal 
and  superior  laryngeal  branches  of  the  pneumogastric.  Through  the  pharyngeal 
branch  it  probably  supplies  the  muscles  of  the  soft  palate  (see  page  425).  Some  few 
filaments  from  it  are  continued  into  the  trunk  of  the  vagus  below  the  ganglion,  to 
be  distributed  with  the  recurrent  laryngeal  nerve  and  probably  also  with  the 
cardiac  nerves. 

The  spinal  portion  is  firm  in  texture.  Its  superficial  origin  is  by  several 
filaments  from  the  lateral  tract  of  the  cord,  as  low  down  as  the  sixth  cervical 
nerve.  Its  deep  origin  may  be  traced  to  the  intermedio-lateral  tract  of  the  gray 
matter  of  the  cord.  This  portion  of  the  nerve  ascends  between  the  ligamentum 
denticulatum  and  the  posterior  roots  of  the  spinal  nerves,  enters  the  skull  through 
the  foramen  magnum,  and  is  then  directed  outward  to  the  jugular  foramen, 
through  which  it  passes,  lying  in  the  same  sheath  as  the  pneumogastric,  but 
separated  from  it  by  a  fold  of  the  arachnoid.  In  the  jugular  foramen  it  receives 
one  or  two  filaments  from  the  accessory  portion.  At  its  exit  from  the  jugular 
foramen  it  passes  backward,  either  in  front  of  or  behind  the  internal  jugular  vein, 
and  descends  obliquely  behind  the  Digastric  and  Stylo-hyoid  muscles  to  the  upper 
part  of  the  Sterno-mastoid.  It  pierces  that  muscle,  and  passes  oblic^uely  across 
the  occipital  triangle,  to  terminate  in  the  deep  surface  of  the  Trapezius.  This 
nerve  gives  several  branches  to  the  Sterno-mastoid  during  its  passage  through  it, 
and  joins  in  its  substance  with  branches  from  the  second  cervical,  which  supply 
the  muscle.  In  the  occipital  triangle  it  joins  with  the  second  and  third  cervical 
nerves  and  assists  in  the  formation  of  the  cervical  plexus.  Beneath  the  Trapezius 
it  joins  with  the  third  and  fourth  cervical  nerves  to  form  a  sort  of  plexus,  from 
which  fibres  are  distributed  to  the  muscle. 

Surgical  Anatomy. — In  cases  of  spasmodic  torticollis  in  which  all  previous  palliative  treat- 
ment has  failed,  and  the  spasms  are  so  severe  as  to  undermine  the  patient's  health,  division  or 
excision  of  a  portion  of  the  spinal  accessory  nerve  has  been  resorted  to.  This  may  be  done  either 
along  the  anterior  or  posterior  border  of  the  Sterno-mastoid  muscle.  The  former  operation  is 
performed  by  naaking  an  incision  from  the  apex  of  the  mastoid  process,  three  inches  in  length, 
along  the  anterior  border  of  the  Sterno-mastoid  muscle.     The  anterior  border  of  the  muscle  is 
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defined  and  pulled  backward,  so  as  to  stretch  the  nerve,  which  is  then  to  be  sought  for  beneath 
the  Digastric  muscle,  about  two  inches  below  the  apex  of  the  mastoid  process.  The  other 
operation  consists  in  making  an  incision  along  the  p)osterior  border  of  the  muscle,  so  that  the 
centre  of  the  incision  corresponds  to  the  middle  of  this  border  of  the  muscle.  The  superficial 
structures  having  been  diviaed  and  the  border  of  the  muscle  defined,  the  nerve  is  to  be  sought 
for  as  it  emerges  from  the  muscle  to  cross  the  occipital  triangle.  When  fuund,  it  is  to  be  traced 
upward  through  the  muscle,  and  a  portion  of  it  excised  above  the  point  where  it  gives  off  its 
branches  to  the  Stemo-mastoid.  In  this  operation  one  of  the  descending  branches  oi  the  super- 
ficial cervical  plexus  is  liable  to  be  mistaken  for  the  nerve. 

Twelfth  Pair  (Figs.  453,  454). 

The  Twelfth  or  Hypoglossal  Nerve  is  the  motor  nerve  of  the  tongue.     Its 
superficial  origin  is  by  several  filaments,  from  ten  to  fifteen  in  number,  from  the 
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Fig.  454.— Plan  of  the  hypoglossal  nerye»   (After  Flower.) 


groove  between  the  pyramidal  and  olivary  bodies,  in  a  continuous  line  with  the 
anterior  roots  of  the  spinal  nerves.  Its  deep  origin  can  be  traced  to  a  nucleus  of 
gray  matter  on  the  floor  of  the  fourth  ventricle,  on  either  side  of  the  median  line, 
extending  from  the  level  of  the  auditory  striae  to  the  lowest  point  of  the  ventricle 
of  Arantius.  The  filaments  of  this  nerve  are  collected  into  two  bundles  which 
perforate  the  dura  mater  separately,  opposite  the  anterior  condyloid  foramen,  and 
unite  together  after  their  passage  through  it.  In  those  cases  in  which  the  anterior 
condyloid  foramen  in  the  occipital  bone  is  double  these  two  portions  of  the  nerve 
are  separated  by  the  small  piece  of  bone  which  divides  the  foramen.  The  nerve 
descends  almost  vertically  to  a  point  corresponding  with  the  angle  of  the  jaw\  It 
is  at  first  deeply  seated  beneath  the  internal  carotid  artery  and  internal  jugular 
vein,  and  intimately  connected  with  the  pneumogastric  nerve ;  it  then  passes 
forward  between  the  vein  and  artery,  and  lower  down  in  the  neck  becomes  super- 
ficial below  the  Digastric  muscle.  The  nerve  then  loops  round  the  occipital  artery, 
and  crosses  the  external  carotid  below  the  tendon  of  the  Digastric  muscle.     It 
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passes  beneath  the  Mjlo-hyoid  muscle,  lying  between  it  and  the  Hyo-glossus,  and 
eommunicatea  at  Ihe  anterior  border  of  the  latter  muacle  with  the  lingual  (gus- 
taton')  nerve;  it  is  then  continued  forward  in  the  fibres  of  the  Gcnio-hyo-glossua 
muscle  as  far  aa  the  tip  of  the  tongue,  distributing  branches  to  its  substance. 
The  branche»  of,  communication  are — with  the 

Pneumogastric.  First  and  Second  Cervical  Nerves. 

Sympathetic.  Lingual  (gustatory). 

The  commnnication  with  the  pneumogastric  takes  place  close  to  the  exit  of  the 
nerve  from  the  skull,  numerous  filaments  passing  between  the  hypoglossal  and 


Fio.  4i5.— Hypoglomal  nerve,  cefvlcal  pleiu*.  and  iheit  btanche*. 

lower  ganglion  of  the  pneumogastric ;  somecimea  the  two  nerves  are  united  so  as 
to  form  one  mass.  It  also  communicates  with  the  pharyngeal  plexus  by  a  minute 
filament  as  it  winds  round  the  occipital  artery. 

The  communication  with  the  sympathetic  takes  place  opposite  the  atlas  by 
branches  derived  from  the  superior  cervical  ganglion,  and  in  the  same  situation 
the  nerve  is  joined  by  a  filament  derived  from  the  loop  connecting  the  first  two 
cervical  nerves. 

The  communication  with  the  lingual  (gustatory)  takes  place  near  the  anterior 
border  of  the  Hyo-glossus  muscle  by  numerous  filaments  which  ascend  upon  it. 

The  branches  of  diatribiUion  are — the 

Meningeal.  Thyro-byoid. 

Descendens  hypoglossi.  Muscular. 

Meningeal  Branches.— As  the  hypoglossal  nerve  passes  through  the  anterior 
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condyloid  foramen  it  gives  off,  according  to  Luschka,  several  filaments  to  the  dura 
mater  in  the  posterior  fossa  of  the  base  of  the  skull. 

The  descendens  hypogloasi  is  a  long  slender  branch  which  quits  the  hypoglossal 
where  it  turns  round  the  occipital  artery.  It  descends  obliquely  across  the  sheath 
of  the  carotid  vessels,  and  joins  the  communicating  branches  from  the  second  and 
third  cervical  nerves,  just  below  the  middle  of  the  neck,  to  form  a  loop.  From  the 
convexity  of  this  loop  branches  pass  forward  to  supply  the  Sterno-hyoid,  Sterno- 
thyroid, and  both  bellies  of  the  Omo-hyoid.  According  to  Arnold,  another  filament 
descends  in  front  of  the  vessels  into  the  chest  and  joins  the  cardiac  and  phrenic 
nerves.  The  descendens  hypoglossi  is  occasionally  contained  in  the  sheath  of  the 
carotid  vessels,  being  sometimes  placed  over,  and  sometimes  beneath,  the  internal 
jugular  vein. 

The  thyro-hyoid  is  a  small  branch  arising  from  the  hypoglossal  near  the  poste- 
rior border  of  the  Hyo-glossus ;  it  passes  obliquely  across  the  great  cornu  of  the 
hyoid  bone  and  supplies  the  Thyro-hyoid  muscle. 

The  muscular  branches  are  distributed  to  the  Stylo-glossus,  Hyo-glossus,  Genio- 
hyoid, and  Genio-hyo-glossus  muscles.  At  the  under  surface  of  the  tongue  numer- 
ous slender  branches  pass  upward  into  the  substance  of  the  organ  to  supply  its 
muscular  structure. 

Surgical  Anatomy. — The  hypoglossal  nerve  is  an  important  jfuide  in  the  operation  of  liga- 
ture of  the  lingual  artery  (see  page  555).  It  runs  forward  just  aoove  the  great  cornu  of  the 
hyoid  bone,  and  forms  the  upper  boundary  of  the  triangular  space  in  which  the  artery  is  to  be 
sought  for. 

THE  8PINAJ.  NERVES. 

The  spinal  nerves  are  so  called  because  they  take  their  origin  from  the  spinal 
cord,  and  are  transmitted  through  the  intervertebral  foramina  on  either  side  of  the 
spinal  column.  There  are  thirty-one  pairs  of  spinal  nerves,  which  are  arranged 
into  the  following  groups,  corresponding  to  the  region  of  the  spine  through  which 
they  pass : 

Cervical 8  pairs. 

Dorsal 12     " 

Lumbar 5     " 

Sacral 5     " 

Coccygeal 1  pair. 

It  will  be  observed  that  each  group  of  nerves  corresponds  in  number  wuth  the 
vertebrae  in  that  region,  except  the  cervical  and  coccygeal. 

Each  spinal  nerve  arises  by  two  roots,  an  anterior  or  motor  root,  and  a  pos- 
terior or  sensory  root. 

Roots  of  the  Spinal  Nerves. 

The  Anterior  Boots. — The  superficial  origin  is  from  a  somewhat  irregular  series 
of  depressions  which  map  out  a  longitudinal  area  on  the  antero-lateral  column  of 
the  spinal  cord,  gradually  approaching  toward  the  anterior  median  fissure  as  they 
descend. 

The  deep  origin  can  be  traced  to  the  anterior  part  of  the  antero-lateral  column ; 
the  roots,  after  penetrating  horizontally  through  the  longitudinal  fibres  of  this  tract, 
enter  the  gray  substance,  where  their  fibrils  diverge  in  several  directions :  some, 
passing  inivard^  are  continued  across  the  anterior  commissure  in  front  of  the  cen- 
tral canal,  to  become  continuous  with  the  axis-cylinder  processes  of  the  large  cells 
of  the  anterior  cornua  of  the  opposite  side ;  othera  terminate  in  the  mesial  group 
of  cells  of  the  anterior  column  of  the  same  side ;  other  fibrils  pass  outward^  some  to 
become  continuous  with  the  axis-cylinder  processes  of  the  group  of  cells  in  the 
lateral  part  of  the  anterior  column  ;  and  others  enter  the  lateral  column  of  the  same 
side,  where,  turning  upward,  they  pursue  their  course  as  longitudinal  fibres.  The 
remaining  fibrils  pass  backivard  to  the  posterior  horn,  where  they  are  continuous 
with  the  axis-cylinders  of  the  cells  at  the  base  of  the  posterior  cornu. 
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The  Posterior  Boots. — The  superficial  origin  is  from  the  postero-lateral  fissure 
of  the  cord.  The  deep  origin  is  from  the  gray  substance  of  the  posterior  cornu, 
either  directly  through  the  substantia  gelatinosa,  or  indirectly,  by  first  passing 
through  the  white  matter  of  the  posterior  column  and  winding  round  in  front  of 
the  caput  cornu.  Those  which  enter  the  gray  matter  at  once  for  the  most  part 
turn  upward  and  downward,  and  become  continuous  with  the  fine  nerve-plexus  in 
the  central  portion  of  the  gray  matter ;  some  few  fibres  pass  transversely  through 
the  posterior  commissure  to  the  opposite  side,  and  others  into  the  anterior  cornu 
of  the  same  side.  Those  fibres  which  enter  the  gray  matter  in  front  of  the  caput 
cornu  reach  the  posterior  vesicular  column  (Clark's  column)  and  blend  with  it,  a 
few  fibres  passing  through  it,  to  become  longitudinal  in  the  posterior  column  of 
the  cord. 

The  anterior  roots  are  smaller  than  the  posterior,  devoid  of  ganglionic  enlarge- 
ment, and  their  component  fibrils  are  collected  into  two  bundles  near  the  inter- 
vertebral foramina. 

The  posterior  roots  of  the  nerves  are  larger,  but  the  individual  filaments  are 
finer  and  more  delicate  than  those  of  the  anterior.  As  their  component  fibrils 
pass  outward,  toward  the  aperture  in  the  dura  mater,  they  coalesce  into  two  bun- 
dles, receive  a  tubular  sheath  from  that  membrane,  and  enter  the  ganglion  which 
is  developed  upon  each  root. 

The  posterior  root  of  the  first  cervical  nerve  forms  an  exception  to  these  cha- 
racters. It  is  smaller  than  the  anterior,  has  frequently  no  ganglion  developed 
upon  it,  and  when  the  ganglion  exists  it  is  often  situated  within  the  dura  mater. 

Qanglia  of  the  Spinal  Nerves. 

A  ganglion  is  developed  upon  the  posterior  root  of  each  of  the  spinal  nerves. 
These  ganglia  are  of  an  oval  form  and  of  a  reddish  color ;  they  bear  a  proportion 
in  size  to  the  nerves  upon  which  they  are  formed,  and  are  placed  in  the  interver- 
tebral foramina,  external  to  the  point  where  the  nerves  perforate  the  dura 
mater.  Each  ganglion  is  bifid  internally,  where  it  is  joined  by  the  two  bundles 
of  the  posterior  root,  the  two  portions  being  united  into  a  single  mass  externally. 
The  ganglion  upon  the  first  and  second  cervical  nerves  forms  an  exception  to 
these  characters,  being  placed  on  the  arches  of  the  vertebrae  over  which  the  nerves 
pass.  The  ganglia,  also,  of  the  sacral  nerves  are  placed  within  the  spinal  canal ;  and 
that  on  the  coccygeal  nerve,  also  in  the  canal,  about  the  middle  of  its  posterior  root. 

Distribution  of  the  Spinal  Nerves. 

Immediately  beyond  the  ganglion  the  two  roots  coalesce,  their  fibres  inter- 
mingle, and  the  trunk  thus  formed  passes  out  of  the  intervertebral  foramen,  and 
divides  into  a  posterior  division  for  the  supply  of  the  posterior  part  of  the  body, 
and  an  anterior  division  for  the  supply  of  the  anterior  part  of  the  body,  each  con- 
taininor  fibres  from  both  roots. 

The  posterior  divisions  of  the  spinal  nerves  are  generally  smaller  than  the 
anterior;  they  arise  from  the  trunk  resulting  from  the  union  of  the  roots  in 
the  intervertebral  foramina,  and,  passing  backward,  divide  into  internal  and 
external  branches,  which  are  distributed  to  the  muscles  and  integument  behind 
the  spine.  The  first  cervical  and  lower  sacral  nerves  are  exceptions  to  these 
characters. 

The  anterior  divisions  of  the  spinal  nerves  supply  the  parts  of  the  body  in  front 
of  the  spine,  including  the  limbs.  They  are  for  the  most  part  larger  than  the 
posterior  divisions,  this  increase  of  size  being  proportioned  to  the  larger  extent  of 
structures  they  are  required  to  supply.  Each  division  is  connected  by  slender 
filaments  with  the  sympathetic.  In  the  dorsal  region  the  anterior  divisions  of  the 
J^pinal  nerves  are  completely  separate  from  each  other,  and  are  uniform  in  their 
distribution ;  but  in  the  cervical,  lumbar,  and  sacral  regions  they  form  intricate 
plexuses  previous  to  their  distribution. 
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condyloid  foramen  it  gives  off,  according  to  Luschka,  several  filaments  to  the  dura 
mater  in  the  posterior  fossa  of  the  base  of  the  skull. 

The  descendens  hsrpoglossi  is  a  long  slender  branch  which  quits  the  hypoglossal 
where  it  turns  round  the  occipital  artery.  It  descends  obliquely  across  the  sheath 
of  the  carotid  vessels,  and  joins  the  communicating  branches  from  the  second  and 
third  cervical  nerves,  just  below  the  middle  of  the  neck,  to  form  a  loop.  From  the 
convexity  of  this  loop  branches  pass  forward  to  supply  the  Sterno-hyoid,  Sterno- 
thyroid, and  both  bellies  of  the  Omo-hyoid.  According  to  Arnold,  another  filament 
descends  in  front  of  the  vessels  into  the  chest  and  joins  the  cardiac  and  phrenic 
nerves.  The  descendens  hypoglossi  is  occasionally  contained  in  the  sheath  of  the 
carotid  vessels,  being  sometimes  placed  over,  and  sometimes  beneath,  the  internal 
jugular  vein. 

The  thyro-hyoid  is  a  small  branch  arising  from  the  hypoglossal  near  the  poste- 
rior border  of  the  Hyo-glossus ;  it  passes  obliquely  across  the  great  cornu  of  the 
hyoid  bone  and  supplies  the  Thyro-hyoid  muscle. 

The  muscular  branches  are  distributed  to  the  Stylo-glossus,  Hyo-glossus,  Genio- 
hyoid, and  Genio-hyo-glossus  muscles.  At  the  under  surface  of  the  tongue  numer- 
ous slender  branches  pass  upward  into  the  substance  of  the  organ  to  supply  its 
muscular  structure. 

Surgical  Anatomy. — The  hypoglossal  nerve  is  an  important  guide  in  the  operation  of  liga- 
ture of  the  lingual  arteiy  (see  page  555).  It  runs  forward  just  above  the  great  cornu  of  the 
hyoid  bone,  and  forms  the  upper  boundary  of  the  triangular  space  in  which  the  artery  is  to  be 
sought  for. 

THE  SPINAJ.  NERVES. 

The  spinal  nerves  are  so  called  because  they  take  their  origin  from  the  spinal 
cord,  and  are  transmitted  through  the  intervertebral  foramina  on  either  side  of  the 
spinal  column.  There  are  thirty-one  pairs  of  spinal  nerves,  which  are  arranged 
into  the  following  groups,  corresponding  to  the  region  of  the  spine  through  which 
they  pass : 

Cervical 8  pairs. 

Dorsal 12     " 

Lumbar 5     " 

Sacral 5     " 

Coccygeal 1  pair. 

It  will  be  observed  that  each  group  of  nerves  corresponds  in  number  with  the 
vertebrse  in  that  region,  except  the  cervical  and  coccygeal. 

Each  spinal  nerve  arises  by  two  roots,  an  anterior  or  motor  root,  and  a  pos- 
terior or  sensory  root. 

Roots  of  the  Spinal  Nerves. 

The  Anterior  Boots. — The  superficial  origin  is  from  a  somewhat  irregular  series 
of  depressions  which  map  out  a  longitudinal  area  on  the  antero-lateral  column  of 
the  spinal  cord,  gradually  approaching  toward  the  anterior  median  fissure  as  they 
descend. 

The  deep  origin  can  be  traced  to  the  anterior  part  of  the  antero-lateral  column ; 
the  roots,  after  penetrating  horizontally  through  the  longitudinal  fibres  of  this  tract, 
enter  the  gray  substance,  where  their  fibrils  diverge  in  several  directions  :  some, 
passing  inward,  are  continued  across  the  anterior  commissure  in  front  of  the  cen- 
tral canal,  to  become  continuous  with  the  axis-cylinder  processes  of  the  large  cells 
of  the  anterior  cornua  of  the  opposite  side ;  others  terminate  in  the  mesial  group 
of  cells  of  the  anterior  column  of  the  same  side ;  other  fibrils  pass  outward,  some  to 
become  continuous  with  the  axis-cylinder  processes  of  the  group  of  cells  in  the 
lateral  part  of  the  anterior  column  ;  and  others  enter  the  lateral  column  of  the  same 
side,  where,  turning  upward,  they  pursue  their  course  as  longitudinal  fibres.  The 
remaining  fibrils  pass  backward  to  the  posterior  horn,  where  they  are  continuous 
with  the  axis-cylinders  of  the  cells  at  the  base  of  the  posterior  cornu. 


THE  SPINAL   NERVES.  789 

The  Posterior  Boots. — The  superficial  origin  is  from  the  postero-lateral  fissure 
of  the  cord.  The  deep  origin  is  from  the  gray  substance  of  the  posterior  cornu, 
either  directly  through  the  substantia  gelatinosa,  or  indirectly,  by  first  passing 
through  the  white  matter  of  the  posterior  column  and  winding  round  in  front  of 
the  caput  cornu.  Those  which  enter  the  gray  matter  at  once  for  the  most  part 
turn  upward  and  downward,  and  become  continuous  with  the  fine  nerve-plexus  in 
the  central  portion  of  the  gray  matter ;  some  few  fibres  pass  transversely  through 
the  posterior  commissure  to  the  opposite  side,  and  others  into  the  anterior  cornu 
of  the  same  side.  Those  fibres  which  enter  the  gray  matter  in  front  of  the  caput 
cornu  reach  the  posterior  vesicular  column  (Clark*s  column)  and  blend  with  it,  a 
few  fibres  passing  through  it,  to  become  longitudinal  in  the  posterior  column  of 
the  cord. 

The  anterior  roots  are  smaller  than  the  posterior,  devoid  of  ganglionic  enlarge- 
ment, and  their  component  fibrils  are  collected  into  two  bundles  near  the  inter- 
vertebral foramina. 

The  posterior  roots  of  the  nerves  are  larger,  but  the  individual  filaments  are 
finer  and  more  delicate  than  those  of  the  anterior.  As  their  component  fibrils 
pass  outward,  toward  the  aperture  in  the  dura  mater,  they  coalesce  into  two  bun- 
dles, receive  a  tubular  sheath  from  that  membrane,  and  enter  the  ganglion  which 
is  developed  upon  each  root. 

The  posterior  root  of  the  first  cervical  nerve  forms  an  exception  to  these  cha- 
racters. It  is  smaller  than  the  anterior,  has  frequently  no  ganglion  developed 
upon  it,  and  when  the  ganglion  exists  it  is  often  situated  within  the  dura  mater. 

Ganglia  of  the  Spinal  Nerves. 

A  ganglion  is  developed  upon  the  posterior  root  of  each  of  the  spinal  nerves. 
These  ganglia  are  of  an  oval  form  and  of  a  reddish  color ;  they  bear  a  proportion 
in  size  to  the  nerves  upon  which  they  are  formed,  and  are  placed  in  the  interver- 
tebral foramina,  external  to  the  point  where  the  nerves  perforate  the  dura 
mater.  Each  ganglion  is  bifid  internally,  where  it  is  joined  by  the  two  bundles 
of  the  posterior  root,  the  two  portions  being  united  into  a  single  mass  externally. 
The  ganglion  upon  the  first  and  second  cervical  nerves  forms  an  exception  to 
these  characters,  being  placed  on  the  arches  of  the  vertebrae  over  which  the  nerves 
pass.  The  ganglia,  also,  of  the  sacral  nerves  are  placed  within  the  spinal  canal ;  and 
that  on  the  coccygeal  nerve,  also  in  the  canal,  about  the  middle  of  its  posterior  root. 

Distribution  of  the  Spinal  Nerves. 

Immediately  beyond  the  ganglion  the  two  roots  coalesce,  their  fibres  inter- 
mingle, and  the  trunk  thus  formed  passes  out  of  the  intervertebral  foramen,  and 
divides  into  a  posterior  division  for  the  supply  of  the  posterior  part  of  the  body, 
and  an  anterior  division  for  the  supply  of  the  anterior  part  of  the  body,  each  con- 
tainincr  fibres  from  both  roots. 

The  posterior  divisions  of  the  spinal  nerves  are  generally  smaller  than  the 
anterior;  they  arise  from  the  trunk  resulting  from  the  union  of  the  roots  in 
the  intervertebral  foramina,  and,  passing  backward,  divide  into  internal  and 
external  branches,  which  are  distributed  to  the  muscles  and  integument  behind 
the  spine.  The  first  cervical  and  lower  sacral  nerves  are  exceptions  to  these 
characters. 

The  anterior  divisions  of  the  spinal  nerves  supply  the  parts  of  the  body  in  front 
of  the  spine,  including  the  limbs.  They  are  for  the  most  part  larger  than  the 
posterior  divisions,  this  increase  of  size  being  proportioned  to  the  larger  extent  of 
structures  they  are  required  to  supply.  Each  division  is  connected  by  slender 
filaments  with  the  sympathetic.  In  the  dorsal  region  the  anterior  divisions  of  the 
ppinal  nerves  are  completely  separate  from  each  other,  and  are  uniform  in  their 
distribution ;  but  in  the  cervical,  lumbar,  and  sacral  regions  they  form  intricate 
plexuses  previous  to  their  distribution. 
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Points  of  Emergence  of  the  Spinal  Nerves. 

The  roots  of  the  spinal  nerves  from  their  origin  in  the  cord  run  obliquely 
downward  to  their  point  of  exit  from  the  intervertebral  foramina,  the  amount  of 
obliquity  varying  in  different  regions  of  the  spine,  and  being  greater  in  the  lower 
than  the  upper  part.  The  level  of  their  emergence  from  the  cord  is  within  certain 
limits  variable,  and  of  course  does  not  correspond  to  the  point  of  emergence  of  the 
nerve  from  the  intervertebral  foramina.  The  accompanying  table,  from  Macalister, 
shows  as  accurately  as  can  be  shown  the  relation  of  these  points  of  origin  from  the 
spinal  cord  to  the  bodies  and  spinous  processes  of  the  verlebrae : 
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THE  OEBVIOAL  1VEBVE8. 

The  roots  of  the  cervical  nerves  increase  in  size  from  the  first  to  the  fifth,  and 
then  remain  the  same  size  to  the  eighth.  The  posterior  roots  bear  a  proportion 
to  the  anterior  as  3  to  1,  which  is  much  greater  than  in  any  other  region,  the 
individual  filaments  being  also  much  larger  than  those  of  the  anterior  roots.  In 
direction  the  roots  of  the  cervical  are  less  oblique  than  those  of  the  other  spinal 
nerves.  The  first  cervical  nerve  is  directed  a  little  upward  and  outward;  the 
second  is  horizontal ;  the  others  are  directed  obliquely  downward  and  outward, 
the  lowest  being  the  most  oblique,  and  consequently  longer  than  the  upper,  the 
distance  between  their  place  of  origin  and  their  point  of  exit  from  the  spinal  canal 
never  exceeding  the  depth  of  one  vertebra. 

The  trunk  of  the  first  cervical  nerve  (suboccipital)  leaves  the  spinal  canal  between 
the  occipital  bone  and  the  posterior  arch  of  the  atlas ;  the  second,  between  the 
posterior  arch  of  the  atlas  and  the  lamina  of  the  axis ;  and  the  eighth  (the  last), 
between  the  last  cervical  and  first  dorsal  vertebrae. 

Each  nerve,  at  its  exit  from  the  intervertebral  foramen,  divides  into  a  posterior 
and  an  anterior  division.  The  anterior  divisions  of  the  four  upper  cervical  nerves 
form  the  cervical  plexus.  The  anterior  divisions  of  the  four  lower  cervical  nerves, 
together  with  the  first  dorsal,  form  the  brachial  plexus. 

Posterior  Divisions  of  the  Cervical  Nerves  (Fig.  456). 

The  posterior  division  of  the  first  cervical  {suboccipital)  nerve  differs  from  the 
posterior  divisions  of  the  other  cervical  nerves  in  not  dividing  into  an  internal 
and  external  branch.  It  is  larger  than  the  anterior  division,  and  escapes  from  the 
spinal  canal  between  the  occipital  bone  and  the  posterior  arch  of  the  atlas,  lying 
behind  the  vertebral  artery.  It  enters  the  suboccipital  triangle  formed  by  the 
Rectus  capitis  posticus  major,  the  Obliquus  superior,  and  Obliquus  inferior,  and 
supplies  the  Recti  and  Oblicjui  muscles,  and  the  Complexus.  From  the  branch 
which  supplies  the  Inferior  oblique  a  filament  is  given  ofi*  which  joins  the  second 
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cervical  nerve.  This  nerve  also  occasionally  gives  off  a  cutaneous  filament,  which 
accompanies  the  occipital  artery  and  communicates  with  the  occipitalis  major  and 
minor  nerves. 

The  posterior  division  of  the  second  cervical  nerve  is  three  or  four  times  greater 
than  the  anterior  division,  and  the  largest  of  all  the  posterior  cervical  divisions. 
It  emerges  from  the  spinal  canal  between  the  posterior  arch  of  the  atlas  and 


lamina  of  the  axis,  below  the  Inferior  oblique.  It  supplies  this  muscle,  and 
recerves  a  communicating  filament  from  the  first  cervical.  It  then  divides  into  an 
internal  and  external  branch. 

The  internal  branch,  called,  from  its  size  and  distribution,  the  occipitalig  major, 
ascends  obliquely  inward  between  the  Obli(|uua  inferior  and  Complexus,  and 
[lierces  the  latter  muscle  and  the  Trapezius  near  their  attachments  to  the  cranium. 
It  is  now  joined  by  a  filament  from  the  posterior  division  of  the  third  cervical 
nerve,  and.  ascending  on  the  back  part  of  the  head  with  the  occipital  artery,  divides 
into  two  branches,  which  supply  the  integument  of  the  scalp  as  far  forward  as 
the  vertex,  communicating  with  the  occipitalis  minor.     It  gives  off  an  auricular 
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branch  to  the  back  part  of  the  ear  and  muscular  branches  to  the  Gomplexus. 
The  external  branch  is  often  joined  by  the  external  branch  of  the  posterior 
division  of  the  third,  and  supplies  the  Splenius,  Trachelo-mastoid,  and  Complexus. 

The  posterior  division  of  the  third  cervical  is  smaller  than  the  preceding,  but 
larger  than  the  fourth ;  it  differs  from  the  posterior  divisions  of  the  remaining 
cervical  nerves  in  its  supplying  an  additional  filament,  the  third  occipital  nerve, 
to  the  integument  of  the  occiput.  The  posterior  division  of  the  third  nerve,  like 
the  others,  divides  into  an  internal  and  external  branch.  The  internal  branch 
passes  between  the  Complexus  and  Semispinals,  and,  piercing  the  Splenius  and 
Trapezius,  supplies  the  skin  over  the  latter  muscle ;  the  external  branchpoint  with 
that  of  the  posterior  division  of  the  second  to  supply  the  Splenius,  Trachelo-mas- 
toid, and  Complexus. 

The  third  occipital  nerve  arises  from  the  internal  or  cutaneous  branch  beneath 
the  Trapezius ;  it  then  pierces  that  muscle,  and  supplies  the  skin  on  the  lower  and 
back  part  of  the  head.  It  lies  to  the  inner  side  of  the  occipitalis  major,  w^ith 
which  it  is  connected. 

The  posterior  division  of  the  suboccipital  nerve  and  the  internal  branches  of 
the  posterior  divisions  of  the  second  and  third  cervical  nerves  are  occasionally 
joined  beneath  the  Complexus  by  communicating  branches.  This  communication 
is  described  by  Cruveilhier  as  the  posterior  cervical  plexus. 

The  posterior  divisions  of  the  fourth,  fifth,  sixth,  seventh,  and  eighth  cervical 
nerves  (Fig.  463)  pass  backward,  and  divide,  behind  the  Posterior  intertransverse 
muscles,  into  internal  and  external  branches.  The  internal  branches^  the  larger, 
are  distributed  differently  in  the  upper  and  lower  part  of  the  neck.  Those 
derived  from  the  fourth  and  fifth  nerves  pass  between  the  Complexus  and  Semi- 
spinalis  muscles,  and,  having  reached  the  spinous  processes,  perforate  the 
aponeurosis  of  the  Splenius  and  Trapezius,  and  are  continued  outward  to  the 
integument  over  the  Trapezius,  whilst  those  derived  from  the  three  lowest  cervical 
nerves  are  the  smallest,  and  are  placed  beneath  the  Semispinalis  colli,  which  they 
supply,  and  then  pass  into  the  Interspinales,  Multifidus  spinae,  and  Complexus, 
and  send  twigs  through  this  latter  muscle  to  supply  the  integument  near  the 
spinous  processes  (Hirschfeld).  The  external  branches  supply  the  muscles  at  the 
side  of  the  neck — viz.  the  Cervicalis  ascendens.  Trans versalis  colli,  and  Trachelo- 
mastoid. 

Anterior  Division  of  the  Cervical  Nerves. 

The  anterior  division  of  the  first  or  suboccipital  nerve  is  of  small  size.  It 
escapes  from  the  spinal  canal  through  a  groove  upon  the  posterior  arch  of  the 
atlas.  In  this  groove  it  lies  beneath  the  vertebral  artery,  to  the  inner  side  of 
the  Rectus  capitis  lateralis.  As  it  crosses  the  foramen  in  the  transverse  process 
of  the  atlas  it  receives  a  filament  from  the  sympathetic.  It  then  descends,  in  front 
of  this  process,  to  communicate  with  an  ascending  branch  from  the  second  cervical 
nerve. 

Communicating  filaments  from  this  nerve  join  the  pneumogastric,  the  hyj>o- 
glossal,  and  sympathetic,  and  some  branches  are  distributed  to  the  Rectus  lateralis 
and  the  two  Anterior  recti.  According  to  Valentin,  the  anterior  division  of  the 
suboccipital  also  distributes  filaments  to  the  occipito-atlantal  articulation  and 
mastoid  process  of  the  temporal  bone. 

I^he  anterior  division  of  the  second  cervical  nerve  escapes  from  the  spinal 
canal,  between  the  posterior  arch  of  the  atlas  and  the  lamina  of  the  axis,  and, 
passing  forward  on  the  outer  side  of  the  vertebral  artery,  divides  in  front  of  the 
Intertransverse  muscle  into  an  ascending  branch,  which  joins  the  first  cervical, 
and  one  or  tw^o  descending  branches,  which  join  the  third.  It  gives  off  the  small 
occipital ;  a  branch  to  assist  in  forming  the  great  auricular ;  another  to  assist  in 
forming  the  superficial  cervical ;  one  of  the  communicantes  hypoglossi,  and  a 
filament  to  the  Sterno-mastoid  which  communicates  in  the  substance  of  the  muscle 
with  the  spinal  accessory. 
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The  anterior  division  of  the  tliird  cervical  nerve  is  double  the  size  of  the 
preceding.  At  its  exit  from  the  intervertebral  foramen  it  passes  downward  and 
outward  beneath  the  Sterno-mastoid,  and  divides  into  two  branches.  The  ascend- 
ing branch  joins  the  anterior  division  of  the  second  cervical ;  the  descending 
branch  passes  down  in  front  of  the  Scalenus  anticus,  and  communicates  with  the 
fourth.  It  gives  off  the  greater  part  of  the  great  auricular  and  superficial  cervical 
nerves ;  one  of  the  communicantes  hypoglossi ;  a  branch  to  the  supraclavicular 
nerves ;  a  filament  to  assist  in  forming  the  phrenic ;  and  muscular  branches  to  the 
Levator  anguli  scapulae  and  Trapezius :  this  latter  nerve  communicates  beneath 
the  muscle  with  the  spinal  accessory.  Sometimes  the  nerve  to  the  Scalenus 
medius  is  derived  from  this  source. 

The  anterior  division  of  the  fourth  cervical  is  of  the  same  size  as  the  preceding. 
It  receives  a  branch  from  the  third,  sends  a  communicating  branch  to  the  fifth 
cervical,  and,  passing  downward  and  outward,  divides  into  numerous  filaments 
which  cross  the  posterior  triangle  of  the  neck,  forming  the  supraclavicular  nerves. 
It  gives  a  branch  to  the  phrenic  nerve  whilst  it  is  ccmtained  in  the  intertransverse 
space,  and  sometimes  a  branch  to  the  Scalenus  medius  muscle.  It  also  gives  a 
branch  to  the  Levator  anguli  scapulae  and  to  the  Traj)ezius,  which  unites  with  the 
branch  given  off  from  the  third  nerve,  and  communicates  beneath  the  muscle  with 
the  spinal  accessory. 

The  anterior  divisions  of  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves 
are  remarkable  for  their  large  size.  They  are  much  larger  than  the  preceding 
nerves,  and  are  all  of  equal  size.  They  assist  in  the  formation  of  the  brachial 
plexus. 

The  Cervical  Plexus. 

The  cervical  plexus  (Fig.  457)  is  formed  by  the  anterior  divisions  of  the  four 
upper  cervical  nerves.  It  is  situated  opposite  the  four  upper  cervical  vertebrae, 
resting  upon  the  Levator  anguli  scapulae  and  Scalenus  medius  muscles,  and 
covered  in  by  the  Sterno-mastoid. 

Its  branches  may  be  divided  into  two  groups,  superficial  and  deep^  which  may 
be  thus  arranged : 

Occipitalis  minor, 
r  Ascending    .  -(  Auricularis  magnus. 

Superficialis  colli. 


Superficial 


[ 


Deep 


< 


{Suprasternal. 
Supraclavicular. 
Supra-acromial. 
^  Communicating. 
J  Muscular. 

I  Communicans  hypoglossi. 
(^  Phrenic, 
f  Communicating. 
(  Muscular. 


^  Internal 


External  . 


Superficial  Branches  of  the  Cervical  Plexus. 

The  Occipitalis  minor  (Fig.  463,  page  809)  arises  from  the  second  cervical 
nerve ;  it  curves  round  the  posterior  border  of  the  Sterno-mastoid,  and  ascends, 
running  parallel  to  the  posterior  border  of  the  muscle,  to  the  back  part  of  the 
side  of  the  head.  Near  the  cranium  it  perforates  the  deep  fascia,  and  is  continued 
upward  along  the  side  of  the  head  behind  the  ear,  supplying  the  integnraent,  and 
communicating  with  the  occi])italis  major,  the  auricularis  magnus,  and  with  the 
posterior  auricular  branch  of  the  facial. 

This  nerve  gives  off  an  auricular  branchy  which  supplies  the  integument  of 
the  upper  and  back  part  of  the  auricle,  communicating  with  the  mastoid  branch 
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of  the  auricularis  magoua.  ThiR  branch  is  occasionally  derived  from  the  great 
occipital  nerve.     The  occipitalis  minor  varies  in  size;  it  is  occasionally  double. 

The  AnricnlariB  Magntu  is  the  largest  of  the  ascending  branches.  It  arises 
from  the  second  and  third  cervical  nerves,  winds  round  the  posterior  border  of 
the  Sterno-raastnid,  and,  after  perforating  the  deep  fascia,  u^cends  upon  that 
muscle  beneath  the  Platyama  to  the  parotid  gland,  where  it  divides  into  facial, 
auricular,  and  mastoid  branche:?- 

The/ocfVi/  hrani:hea  pass  across  the  parotid,  and  are  distributed  to  the  integ- 
ument of  the  face  over  the  parotid  gland ;  others  penetrate  the  substance  of  the 
gland  and  communicate  with  the  facial  nerve. 

The  auricular  branches  ascend  to  supply  the  integument  of  the  back  part  of 


—Plan  of  the  cervical  plexus. 


the  pinna,  except  at  its  upper  part,  communicating  with  the  auricular  branches 
of  the  facial  and  pneumogastric  nerves. 

The  mastoid  Jyranph  comraunicatea  with  the  occipitalis  minor  and  the  posterior 
auricular  branch  of  the  facial,  and  is  distributed  to  the  integument  behind  the  ear. 

The  Snperflcialis  Oolli  arises  from  the  second  and  third  cervical  nerves,  turns 
round  the  posterior  border  of  the  Sterno-mastoid  about  its  middle,  and,  passing 
oblii|ueIy  forward  beneath  the  external  jugular  vein  to  the  anterior  border  of  that 
muscle,  perforates  the  deep  cprvical  fascia,  and  divides  beneath  the  Platysuaa  into 
two  branches  which  are  distributed  to  the  antero-lateral  parts  of  the  neck. 

The  axi:i-ndinff  branch  gives  a  filament  which  accompanies  the  external  jug ul&r 
vein  ;  it  then  passes  upward  to  the  SMbmaxillary  region,  and  divides  into  branches, 
some  of  which  form  a  plexus  with  the  cervical  branches  of  the  facial  nerve  beneath 
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the  Platysma;  others  pierce  that  muscle,  supply  it,  and  are  distributed  to  the 
integument  of  the  upper  half  of  the  neck,  at  its  fore  part,  as  high  as  the  chin. 

The  descending  branch  (occasionally  represented  by  two  or  more  filaments) 
pierces  the  Platysma,  and  is  distributed  to  the  integument  of  the  side  and  front 
of  the  neck,  as  low  as  the  sternum. 

The  DeBcending  or  sapraclavicular  branches  arise  from  the  third  and  fourth 
cervical  nerves:  emerging  beneath  the  posterior  border  of  the  Sterno-mastoid, 
they  descend  in  the  interval  between  that  muscle  and  the  Trapezius,  and  divide 
into  branches,  which  are  arranged,  according  to  their  position,  into  three  groups. 

The  inner  or  suprasternal  branches  cross  obliquely  over  the  clavicular  and 
sternal  attachments  of  the  Sterno-mastoid,  and  supply  the  integument  as  far  as 
the  median  line. 

The  middle  or  supraclavicular  branches  cross  the  clavicle,  and  supply  the 
integument  over  the  Pectoral  and  Deltoid  muscles,  communicating  with  the 
cutaneous  branches  of  the  upper  intercostal  nerves. 

The  external  or  supra-acromial  branches  pass  obliquely  across  the  outer  surface 
of  the  Trapezius  and  the  acromion,  and  supply  the  integument  of  the  upper  and 
back  part  of  the  shoulder. 

m 

Deep  Branches  of  the  Cervical  Plexus.     Internal  Series. 

The  communicating  branches  consist  of  several  filaments  which  pass  from  the 
loop  between  the  first  and  second  cervical  nerves  in  front  of  the  atlas  to  the 
pneumogastric,  hypoglossal,  and  sympathetic,  and  a  communicating  branch 
between  the  fourth  and  fifth  cervical. 

Muscular  branches  supply  the  Anterior  recti  and  Rectus  lateralis  muscles ; 
th^y  proceed  from  the  first  cervical  nerve  and  from  the  loop  formed  between  it 
and  the  second. 

The  Oommnnicans  Hypoglossi  (Fig.  455)  consists  usually  of  two  filaments,  one 
being  derived  from  the  second,  and  the  other  from  the  third  cervical.  These 
filaments  pass  downward  on  the  outer  side  of  the  internal  jugular  vein,  cross  in 
front  of  the  vein  a  little  below  the  middle  of  the  neck,  and  form  a  loop  with  the 
descendens  hypoglossi  in  front  of  the  sheath  of  the  carotid  vessels  (see  page  787). 
Occasionally,  the  junction  of  these  nerves  takes  place  within  the  sheath. 

The  Phrenic  Nerve  (internal  respiratory  of  Bell )  arises  chiefly  from  the  fourth 
cervical  nerve,  with  a  few  filaments  from  the  third  and  a  communicating  branch 
from  the  fifth.  It  descends  to  the  root  of  the  neck,  running  obliquely  across  the 
front  of  the  Scalenus  anticus,  passes  over  the  first  part  of  the  subclavian  artery, 
between  it  and  the  subclavian  vein,  and,  as  it  enters  the  chest,  crosses  the 
internal  mammary  artery  near  its  origin.  Within  the  chest  it  descends  nearly 
vertically  in  front  of  the  root  of  the  lung  and  by  the  side  of  the  pericardium, 
between  it  and  the  mediastinal  portion  of  the  pleura,  to  the  Diaphragm,  where  it 
divides  into  branches,  which  separately  pierce  that  muscle  and  are  distributed  to 
its  under  surface. 

The  two  phrenic  nerves  differ  in  their  length,  and  also  in  their  relations  at 
the  upper  part  of  the  thorax. 

The  right  nerve  is  situated  more  deeply,  and  is  shorter  and  more  vertical  in 
direction  than  the  left ;  it  lies  on  the  outer  side  of  the  right  vena  innominata  and 
superior  vena  cava. 

The  left  nerve  is  rather  longer  than  the  right,  from  the  inclination  of  the 
heart  to  the  left  side,  and  from  the  Diaphragm  being  lower  on  this  than  on  the 
opposite  side.  At  the  upper  part  of  the  thorax  it  crosses  in  front  of  the  arch  of 
the  aorta  to  the  root  of  the  lung. 

Each  nerve  supplies  filaments  to  the  pericardium  and  pleura,  and  near  the 
chest  is  joined  by  a  filament  from  the  sympathetic,  and  occasionally  by  one  from 
the  union  of  the  descendens  hypoglossi  with  the  spinal  nerves :  this  filament  is 
found,  according  to  Swan,  only  on  the  left  side.     It  is  also  usually  connected  by 
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a  filament   with   the   nerve   to   the   Subclavius   muscle.     Branches  have  been 
described  as  passing  to  the  peritoneum. 

From  the  right  nerve  one  or  two  filaments  pass  to  join  in  a  small  ganglion 
with  phrenic  branches  of  the  solar  plexus  ;  and  branches  from  this  ganglion  are 
distributed  to  the  hepatic  plexus,  the  suprarenal  capsule,  and  inferior  vena  cava. 
From  the  left  nerve  filaments  pass  to  join  the  phrenic  plexus  of  the  sympathetic, 
but  without  any  ganglionic  enlargement. 

Deep  Branches  of  the  Oervical  Plexus.    Eactemal  Series. 

Oommimicating  Branches. — The  deep  branches  of  the  external  series  of  the 
cervical  plexus  communicate  with  the  spinal  accessory  nerve,  in  the  substance  of 
the  Sterno-mastoid  muscle,  in  the  occipital  triangle,  and  beneath  the  Trapezius. 

MoBcular  branches  are  distributed  to  the  Sterno-mastoid,  Trapezius,  Levator 
anguli  scapulae,  and  Scalenus  medius. 

The  branch  for  the  Sterno-mastoid  is  derived  from  the  second  cervical;  the 
Trapezius  and  Levator  anguli  scapulae  receive  branches  from  the  third  and 
fourth.  The  Scalenus  medius  is  supplied  sometimes  from  the  third,  sometimes 
the  fourth,  and  occasionally  from  both  nerves. 

The  Brachial  Plexus  (Fig.  458). 

The  Brachial  Plezns  is  formed  by  the  union  of  the  anterior  branches  of  the 
four  lower  cervical  and  the  greater  part  of  the  first  dorsal  nerves,  receiving  also  a 
fasciculus  from  the  fourth  cervical  nerve.  It  extends  from  the  lower  part  of  the 
side  of  the  neck  to  the  axilla.  It  is  very  broad,  and  presents  little  of  a  plexiform 
arrangement  at  its  commencement.  It  is  narrow  opposite  the  clavicle,  becomes 
broad  and  forms  a  more  dense  interlacement  in  the  axilla,  and  divides  opposite 
the  coracoid  process  into  numerous  branches  for  the  supply  of  the  upper  limb. 
The  nerves  which  form  the  plexus  are  all  similar  in  size,  and  their  mode  of  com- 
munication is  subject  to  considerable  variation,  so  that  no  one  plan  can  be  given 
as  applying  to  every  caisp.  The  following  appears,  however,  to  be  the  most  con- 
stant arrangement :  the  fifth  and  sixth  cervical  unite  together  soon  after  their 
exit  from  the  intervertebral  foramina  to  form  a  common  trunk.  The  eighth  cervi- 
cal and  first  dorsal  also  unite  to  form  one  trunk.  So  that  the  nerves  forming  the 
plexus,  as  they  lie  on  the  Scalenus  medius  external  to  the  outer  border  of  the 
Scalenus  anticus,  are  blended  into  three  trunks — an  outer  one,  formed  by  the 
junction  of  the  fifth  and  sixth  cervical  nerves  ;  a  middle  one,  consisting  of  the 
seventh  cervical  nerve;  and  an  inner  one,  formed  by  the  junction  of  the  eighth 
cervical  and  first  dorsal  nerves.  As  they  pass  beneath  the  clavicle,  each  of  these 
three  trunks  divides  into  two  branches,  an  anterior  and  a  posterior.  The  anterior 
divisions  of  the  outer  and  middle  trunks  then  unite  to  form  a  common  cord, 
which  is  situated  on  the  outer  side  of  the  middle  part  of  the  axillary  artery,  and 
is  called  the  outer  cord  of  the  brachial  plexus.  The  anterior  division  of  the 
inner  trunk,  formed  by  the  union  of  the  eighth  cervical  and  first  dorsal,  passes 
down  on  the  inner  side  of  the  axillarv  arterv  in  the  middle  of  the  axilla,  and 
forms  the  iniier  cord  of  the  brachial  plexus.  The  posterior  divisions  of  the  outer 
trunk  fformed  by  the  junction  of  the  fifth  and  sixth  nerves)  and  of  the  middle 
trunk  (the  seventh  nerve)  unite  together  to  form  the  posterior  cord  of  the  brachial 
plexus,  which  is  situated  behind  the  second  portion  of  the  axillary  artery.  From 
this  posterior  cord  are  given  oif  the  two  lower  subscapular  nerves,  the  upper  sub- 
scapular nerve  being  given  off  from  the  posterior  division  of  the  outer  trunk 
prior  to  its  junction  with  the  posterior  division  of  the  middle  trunk.  The  pos- 
terior cord  divides  into  the  circumflex  and  musculo-spiral  nerves.  The  muscuk»- 
spiral  nerve  is  subsequently  joined  by  the  posterior  division  of  the  inner  trunk, 
formed  by  the  union  of  the  eighth  cervical  and  first  dorsal. 

The  brachial  plexus  communicates  with  the  cervical  plexus  by  a  branch  from 
the  fourth  to  the  fifth  nerve,  and  with  the  phrenic  nerve  by  a  branch  from  the 
fifth  cervical,  which  joins  that  nerve  on  the  Anterior  scalenus  muscle :  the  cervi- 
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cal  and  first  dorsal  nerves  are  also  joined  by  filaments  from  the  middle  and 
inferior  cervical  ganglia  of  the  sympathetic,  close  to  their  exit  from  the  interver- 
tebral foramina. 

Belations. — In  the  neck  the  brachial  plexus  lies  at  the  first  between  the  Anterior 
and  Middle  scaleni  muscles,  and  then  above  and  to  the  outer  side  of  the  subclavian 
artery :  it  then  passes  behind  the  clavicle  and  Subclavius  muscle,  lying  upon  the 
first  serration  of  the  Serratus  magnus,  and  the  Subscapularis  muscles.  In  the 
axilla  it  is  placed  on  the  outer  side  of  the  first  portion  of  the  axillary  artery ;  it 
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Fig.  458.~Plaii  of  the  brachial  plexns. 

surrounds  the  artery  in  the  second  part  of  its  course,  one  cord  lying  upon  the  outer 
side  of  that  vessel,  one  on  the  inner  side,  and  one  behind  it,  and  at  the  lower  part 
of  the  axillary  space  gives  off  its  terminal  branches  to  the  upper  extremity. 

BrancheB. — The  branches  of  the  brachial  plexus  are  arranged  in  two  groups — 
viz.  those  given  off  above  the  clavicle,  and  those  below  that  bone. 


Branches  above  the  Clavicle. 


Communicating. 
Muscular. 


Posterior  thoracic. 
Suprascapular. 

The  communicating  branch  with  the  phrenic  is  derived  from  the  fifth  cervical 
nerve  or  from  the  loop  between  the  fifth  and  sixth ;  it  joins  the  phrenic  on  the 
Anterior  scalenus  muscle. 

The  muscular  branches  supply  the  Longus  colli,  Scaleni,  Rhomboidei,  and 
Subclavius  muscles.     Those  for  the  Longus  colli  and  Scaleni  arise  from  the  lower 
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cervical  nerves  at  their  exit  from  the  intervertebral  foramina.  The  Rhomboid 
branch  arises  from  the  fifth  cervical,  pierces  the  Scalenus  medius,  and  passes 
beneath  the  Levator  anguli  scapulae,  which  it  occasionally  supplies,  to  the  Rhomboid 
muscles.     The  nerve  to  the  Subclavius  is  a  small  filament  which  arises  from  ihe 


fifth  cervical  at  its  point  of  junction  with  the  sixth  nerve;  it  descends  in  front 
of  the  subcSavian  arterv  to  the  Siibclavius  muscle,  and  is  usually  connected  by  a 


of  the 

filament  with  the  ph 


uituL  witu  iiie  [imeuii;  nerve. 

The    posterior  thoracic   nerve    (Jong   thoracic,  external  respiratory  of   Belt) 

g.  461)  supplies  the  Serratns  magnus,  and  is  remarkable  for  the  length  of  its 


(Fig.  461)  supplies 
course.     It 


by  two  roots  from  the  fifth  and  sixth  cervical  nerves 
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immediately  after  theii-  exit  from   the  intervertebral  foramina,  but  generally  by 
three  roots  from  the  fifth,  sixth,  and  iieventh  nerves.     These  unite  in  the  substance 
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of  the  Middle  scalenus  muscle,  and,  after  emerging  from  it,  the  nerve  passes  down 
behind  the  brachial  plexus  and  the  axillary  vessels,  resting  on  the  outer  surface  of 
the  Serratus  magnus.  It  extends  along  the  side  of  the  chest  to  the  lower  border 
of  that  muscle,  supplying  filaments  to  each  of  its  digitations. 

The  suprascapular  nerve  (Fig.  462)  arises  from  the  cord  formed  by  the  fifth  and 
sixth  cervical  nerves ;  passing  oblit^uely  outward  beneath  the  Trapezius,  it  enters 
the  supraspinous  fossa,  through  the  notch  in  the  upper  border  of  the  scapula,  and, 
passing  beneath  the  Supras[)inatus  muscle,  curves  in  front  of  the  spine  of  the 
scapula  to  the  infraspinous  fossa.  In  the  supraspinous  fossa  it  gives  off  two 
branches  to  the  Supraspinatus  muscle,  and  an  articular  filament  to  the  shoulder- 
joint  ;  and  in  the  infraspinous  fossa  it  gives  off  two  branches  to  the  Infraspinatus 
muscle,  besides  some  filaments  to  the  shoulder-joint  and  scapula. 

.    Branches  below  the  Clavicle. 

The  branches  given  off  below  the  clavicle  are  derived  from  the  three  cords  of 
the  brachial  plexus,  in  the  following  manner : 

Fro)n  the  outer  cord  arise  the  external  of  the  two  anterior  thoracic  nerves,  the 
musculo-cutaneous  nerve,  and  the  outer  head  of  the  median. 

From  the  inner  cord  arise  the  internal  of  the  two  anterior  thoracic  nerves,  the 
internal  cutaneous,  the  lesser  internal  cutaneous  (nerve  of  Wrisberg),  the  ulnar,  and 
inner  head  of  the  median. 

From  the  posterior  cord  arise  two  of  the  three  subscapular  nerves,  the  third 
arising  from  the  posterior  division  of  the  trunk  formed  by  the  fifth  and  sixth 
cervical  nerves;  the  cord  then  divides  into  the  musculo-spiral  and  circumflex 
nerves. 

These  may  be  arranged  according  to  the  parts  they  supply : 

To  the  chest         ....         Anterior  thoracic, 
m    ^1       1.     ,j  f  Subscapular. 

To  the  shoulder  .         .         .         .      |  circumflex. 


To  the  arm,  forearm,  and  hand  .        < 


^  Musculo-cutaneous. 

Internal  cutaneous. 

Lesser  internal  cutaneous. 

Median. 

Ulnar. 
^Musculo-spiral. 


The  fasciculi  of  which  these  nerves  are  composed  mav  be  traced  through  the 
plexus  to  the  spinal  nerves  from  which  they  originate.     They  are  as  follows : 

External  anterior  thoracic  from  5th,  6th,  and  7th  cervical. 

Internal  anterior  thoracic  *'  8th  cervical  and  1st  dorsal. 

Subscapular  "  5th,  6th,  7th,  and  8th  cervical. 

Circumflex  "  5th,  6th,  7th,  and  8th  cervical. 

Musculo-cutaneous  "  5th,  6th,  and  7th  cervical. 

Internal  cutaneous  "  8th  cervical  and  1st  dorsal. 

Lesser  internal  cutaneous  "  1st  dorsal. 

Median  '*  6th,  7th,  and  8th  cervical,  and  1st  dorsal. 

Ulnar  "  8th  cervical  and  1st  dorsal. 

Musculo-spiral  ''  6th,  7th,  and  8th  cervical,  and  1st  dorsal. 

The  Anterior  Thoracic  Nerves  (Fig.  461),  two  in  number,  supply  the  Pectoral 
muscles. 

The  external  or  superficial  nerve,  the  larger  of  the  two,  arises  from  the  outer 
cord  of  the  brachial  plexus,  through  which  its  fibres  may  be  traced  to  the  fifth, 
sixth,  and  seventh  cervical  nerves.  It  passes  inward,  across  the  axillary  artery 
and  vein,  pierces  the  costo-coracoid  membrane,  and  is  distributed  to  the  under 
surface  of  the  Pectoralis  major.     It  sends  down  a  communicating  filament  to  join 


THE  BRACHIAL   PLEXUS.  801 

the  internal  nerve,  which  forms  a  loop  round  the  inner  side  of  the  axillary 
arterv. 

The  internal  or  deep  nerve  arises  from  the  inner  cord,  and  through  it  from 
the  eighth  cervical  and  first  dorsal.  It  passes  upward  between  the  axillary  artery 
and  vein,  and  joins  with  the  filament  from  the  superficial  nerve.  It  then  passes 
to  the  under  surface  of  the  Pectoralis  minor  muscle,  where  it  divides  into  a  number 
of  branches,  which  supply  the  muscle  on  its  under  surface.  Some  of  the  branches 
pass  through  the  muscle  ;  others  wind  round  its  upper  border  and  pierce  the  costo- 
coracoid  membrane  to  supply  the  Pectoralis  major. 

The  Subscapular  Nerves,  three  in  number,  supply  the  Subscapularis,  Teres 
major,  and  Latissimus  dorsi  muscles.  The  fasciculi  of  which  they  are  composed 
may  be  traced  to  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves. 

The  upper  suhBcapular  nerve,  the  smallest,  enters  the  upper  part  of  the  Sub- 
scapularis muscle. 

The  lower  subscapular  nerve  enters  the  axillary  border  of  the  Subscapularis 
and  terminates  in  the  Teres  major.  The  latter  muscle  is  sometimes  supplied  by  a 
separate  branch. 

The  middle  or  long  subscapular,  the  largest  of  the  three,  follows  the  course  of 
the  subscapular  artery,  along  the  posterior  wall  of  the  axilla  to  the  Latissimus 
dorsi,  through  which  it  may  be  traced  as  far  as  its  lower  border. 

The  Circtunflez  Nerve  (Fig.  462^  supplies  some  of  the  muscles  and  the  integu- 
ment of  the  shoulder  and  the  shoulder-joint.  It  arises  from  the  posterior  cord  of 
the  brachial  plexus,  in  common  with  the  musculo-spiral  nerve,  and  its  fibres  may 
be  traced  through  the  posterior  cord  to  the  fifth,  sixth,  seventh,  and  eighth  cer- 
vical nerves.  It  is  at  first  placed  behind  the  axillary  artery,  between  it  and  the 
Subscapularis  muscle,  and  passes  downward  and  outward  to  the  lower  border  of 
that  muscle.  It  then  winds  backward  in  company  with  the  posterior  circumflex 
artery,  through  a  quadrilateral  space  bounded  above  by  the  Teres  minor,  below 
by  the  Teres  major,  internally  by  the  long  head  of  the  Triceps,  and  externally  by 
the  neck  of  the  humerus,  and  divides  into  two  branches. 

The  upper  branch  winds  round  the  surgical  neck  of  the  humerus,  beneath  the 
Deltoid,  with  the  posterior  circumflex  vessels,  as  far  as  the  anterior  border  of  that 
muscle,  supplying  it,  and  giving  off  cutaneous  branches,  which  pierce  the  muscle 
and  ramify  in  the  integument  covering  its  lower  part. 

The  lower  branch^  at  its  origin,  distributes  filaments  to  the  Teres  minor  and 
back  part  of  the  Deltoid  muscles.  Upon  the  filament  to  the  former  muscle  a 
gangliform  enlargement  usually  exists.  The  nerve  then  pierces  the  deep  fascia, 
and  supplies  the  integument  over  the  lower  two-thirds  of  the  posterior  surface  of 
the  Deltoid,  as  well  as  that  covering  the  long  head  of  the  Triceps. 

The  circumflex  nerve,  before  its  division,  gives  ofi*  an  articular  filament,  which 
enters  the  shoulder-joint  below  the  Subscapularis. 

The  Mnsculo-cutaneouB  Nerve  (Fig.  461)  {external  cutaneous  or  perforans  Cos- 
serif)  ^  supplies  some  of  the  muscles  of  the  arm  and  the  integument  of  the  fore- 
arm. It  arises  from  the  outer  cord  of  the  brachial  plexus,  opposite  the  lower  border 
of  the  Pectoralis  minor,  receiving  filaments  from  the  fifth,  sixth,  and  seventh 
cervical  nerves.  It  perforates  the  Coraco-brachialis  muscle,  passes  obliquely  between 
the  Biceps  and  Brachialis  anticus  to  the  outer  side  of  the  arm,  and,  a  little  above 
the  elbow,  winds  round  the  outer  border  of  the  tendon  of  the  Biceps,  and,  perfo- 
rating the  deep  fascia,  becomes  cutaneous.  This  nerve  in  its  course  through  the 
arm  supplies  the  Coraco-brachialis,  Biceps,  and  part  of  the  Brachialis  anticus 
muscles.  It  sends  a  small  branch  to  the  bone,  which  enters  the  nutrient  foramen 
with  the  accompanying  artery  and  a  filament,  from  the  branch  supplying  the 
Brachialis  anticus,  to  the  elbow-joint. 

The  cutaneous  portion  of  the  nerve  passes  behind  the  median  cephalic  vein,  and 
divides,  opposite  the  elbow-joint,  into  an  anterior  and  a  posterior  branch. 

The  anterior  branch  descends  along  the  radial  border  of  the  forearm  to  the 

*  See  foot-note,  page  769. 
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wrist,  and  supplies  the  integument  over  the  outer  half  of  the  anterior  surface.  At 
the  wrist-joint  it  is  placed  in  front  of  the  radial  artery,  and  some  filaments, 
piercing  the  deep  fascia,  accompany  that  vessel  to  the  back  of  the  wrist,  supplying 
the  carpus.  The  nerve  then  passes  downward  to  the  ball  of  the  thumb,  where  it 
terminates  in  cutaneous  filaments.  It  communicates  with  a  branch  from  the  radial 
nerve  and  the  palmar  cutaneous  branch  of  the  median. 

The  posterior  branch  passes  downward  along  the  back  part  of  the  radial  side 
of  the  forearm  to  the  wrist.  It  supplies  the  integument  of  the  lower  third  of  the 
forearm,  communicating  with  the  radial  nerve  and  the  external  cutaneous  branch 
of  the  musculo-spiral. 

The  Internal  Cutaneous  Nerve  (Fig.  461)  is  one  of  the  smallest  branches  of  the 
brachial  plexus.  It  arises  from  the  inner  cord  in  common  with  the  ulnar  and 
internal  head  of  the  median,  and  at  its  commencement  is  placed  on  the  inner 
side  of  the  brachial  artery.  It  derives  its  fibres  from  the  eighth  cervical  and  first 
dorsal  nerves.  It  passes  down  the  inner  side  of  the  arm,  pierces  the  deep  fascia 
with  the  basilic  vein,  about  the  middle  of  the  limb,  and,  becoming  cutaneous, 
divides  into  two  branches,  anterior  and  posterior. 

This  nerve  gives  off,  near  the  axilla,  a  cutaneous  filament,  which  pierces  the 
fascia  and  supplies  the  integument  covering  the  Biceps  muscle  nearly  as  far  as 
the  elbow.  This  filament  lies  a  little  external  to  the  common  trunk,  from  which 
it  arises. 

The  anterior  branchy  the  larger  of  the  two,  passes  usually  in  front  of,  but 
occasionally  behind,  the  median  basilic  vein.  It  then  descends  on  the  anterior 
surface  of  the  ulnar  side  of  the  forearm,  distributing  filaments  to  the  integument 
as  far  as  the  wrist,  and  communicating  with  a  cutaneous  branch  of  the  ulnar 
nerve. 

The  posterior  branch  passes  obliquely  downward  on  the  inner  side  of  the 
basilic  vein,  passes  in  front  of,  or  over,  the  internal  condyle  of  the  humerus  to  the 
back  of  the  forearm,  and  descends  on  the  posterior  surface  of  its  ulnar  side  as  far 
as  the  wrist,  distributing  filaments  to  the  integument.  It  communicates,  above 
the  elbow,  with  the  lesser  internal  cutaneous,  and  above  the  wrist  with  the  dorsal 
cutaneous  branch  of  the  ulnar  nerve  (Swan). 

The  Lesser  Internal  Cutaneous  Nerve  {nerve  of  Wrisber(f)  (Fig.  461)  is  distrib- 
uted to  the  integument  on  the  inner  side  of  the  arm.  It  is  the  smallest  of  the 
branches  of  the  brachial  plexus,  and,  arising  from  the  inner  cord  with  the  internal 
cutaneous  and  ulnar  nerves,  receives  its  fibres  from  the  first  dorsal  nerve.  It 
passes  through  the  axillary  space,  at  first  lying  behind,  and  then  on  the  inner  side 
of,  the  axillary  vein,  and  communicates  with  the  intercosto-humeral  nerve.  It 
descends  along  the  inner  side  of  the  brachial  artery  to  the  middle  of  the  arm, 
where  it  pierces  the  deep  fascia,  and  is  distributed  to  the  integument  of  the  back 
part  of  the  lower  third  of  the  arm,  extending  as  far  as  the  elbow,  where  some 
filaments  are  lost  in  the  integument  in  front  of  the  inner  condvle,  and  others 
over  the  olecranon.  It  communicates  with  the  posterior  branch  of  the  internal 
cutaneous  nerve. 

In  some  cases  the  nerve  of  Wrisberg  and  intercosto-humeral  are  connected  by 
two  or  three  filaments  which  fonn  a  plexus  at  the  back  part  of  the  axilla.  In 
other  cases  the  intercosto-humeral  is  of  large  size,  and  takes  the  place  of  the 
nerve  of  Wrisberg,  receiving  merely  a  filament  of  communication  from  the  brachial 
plexus,  which  represents  the  latter  nerve.  In  other  cases  this  filament  is  wanting, 
the  place  of  the  nerve  of  Wrisberg  being  supplied  entirely  from  the  intercosto- 
humeral. 

The  Median  Nerve  (Fig.  461)  has  received  its  name  from  the  course  it  takes 
along  the  middle  of  the  arm  and  forearm  to  the  hand,  lying  between  the  ulnar 
and  the  musculo-spiral  and  radial  nerves.  It  arises  by  two  roots,  one  from  the 
outer,  and  one  from  the  inner,  cord  of  the  brachial  plexus  ;  these  embrace  the  lower 
part  of  the  axillary  artery,  uniting  either  in  front  or  on  the  outer  side  of  that 
vessel.     It  receives  filaments  from  the  sixth,  seventh,  and  eighth  cervical  and  the 
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first  dorsal.  As  it  descends  through  the  arm,  it  lies  at  first  on  the  outer  side  of 
the  brachial  artery,  crosses  that  vessel  in  the  middle  of  its  course,  usually  in 
front,  but  occasionally  behind  it,  and  lies  on  its  inner  side  to  the  bend  of  the 
elbow,  where  it  is  placed  beneath  the  bicipital  fascia,  and  is  separated  from  the 
elbow-joint  by  the  Brachialis  anticus.  In  the  forearm  it  passes  between  the  two 
heads  of  the  Pronator  radii  teres,  and  descends  beneath  the  Flexor  sublimis,  lying 
on  the  Flexor  profundus,  to  within  two  inches  above  the  annular  ligament,  where 
it  becomes  more  superficial,  lying  between  the  tendons  of  the  Flexor  sublimis 
and  Flexor  carpi  radialis,  beneath,  or  rather  to  the  ulnar  side  of,  the  tendon  of 
the  Palmaris  longus,  covered  by  the  integument  and  fascia.  It  then  passes  beneath 
the  annular  ligament  into  the  hand.  In  its  course  through  the  forearm  it  is 
accompanied  by  a  small  artery. 

Branches, — No  branches  are  given  off  from  the  median  nerve  in  the  arm.  In 
the  forearm  its  branches  are  muscular,  anterior  interosseous,  and  palmar  cuta- 
neous, and,  according  to  Rudinger  and  Macalister,  two  articular  twigs  to  the 
elbow-joint. 

The  muscular  branches  supply  all  the  superficial  muscles  on  the  front  of  the 
forearm,  except  the  Flexor  carpi  ulnaris.  These  branches  are  derived  from  the 
nerve  near  the  elbow.  The  branch  furnished  to  the  Pronator  radii  teres  often 
arises  above  the  joint. 

The  aiiterior  interosseous  supplies  the  deep  muscles  on  the  front  of  the  fore- 
arm, except  the  inner  half  of  the  Flexor  profundus  digitorum.  It  accompanies 
the  anterior  interosseous  artery  along  the  interosseous  membrane,  in  the  interval 
between  the  Flexor  longus  poUicis  and  Flexor  profundus  digitorum  muscles,  both 
of  which  it  supplies,  and  terminates  below  in  the  Pronator  quadratus. 

The  palmar  cutaneous  branch  arises  from  the  median  nerve  at  the  lower  part 
of  the  forearm.  It  pierces  the  fascia  above  the  annular  ligament,  and,  descending 
over  that  ligament,  divides  into  two  branches ;  of  which  the  outer  supplies  the 
skin  over  the  ball  of  the  thumb,  and  communicates  with  the  anterior  cutaneous 
branch  of  the  musculo-cutaneous  nerve ;  and  the  inner  supplies  the  integument  of 
the  palm  of  the  hand,  communicating  with  the  cutaneous  branch  of  the  ulnar. 

In  the  palm  of  the  hand  the  median  nerve  is  covered  by  the  iptegument  and 
palmar  fascia  and  crossed  by  the  superficial  palmar  arch.  It  rests  upon  the 
tendons  of  the  flexor  muscles.  In  this  situation  it  becomes  enlarged,  somewhat 
flattened,  of  a  reddish  color,  and  divides  into  two  branches.  Of  these,  the 
external  supplies  a  muscular  branch  to  some  of  the  muscles  of  the  thumb  and 
digital  branches  to  the  thumb  and  index  finger ;  the  internal  supplies  digital 
branches  to  the  contiguous  sides  of  the  index  and  middle  and  of  the  middle  and 
ring  fingers. 

The  branch  to  the  muscles  of  the  thumb  is  a  short  nerve  which  subdivides 
to  supply  the  Abductor,  Opponens,  and  outer  head  of  the  Flexor  brevis  poUicis 
muscles,  the  remaining  muscles  of  this  group  being  supplied  by  the  ulnar 
nerve. 

The  digital  branches  are  five  in  number.  The  first  and  second  pass  along  the 
borders  of  the  thumb,  the  external  branch  communicating  with  branches  of  the 
radial  nerve.  The  third  passes  along  the  radial  side  of  the  index  finger,  and 
supplies  the  First  lumbricalis  muscle.  The  fourth  subdivides  to  supply  the  adjacent 
sides  of  the  index  and  middle  fingers,  and  sends  a  branch  to  the  Second  lumbrical 
muscle.  The  fifth  supplies  the  adjacent  sides  of  the  middle  and  ring  fingers,  and 
communicates  with  a  branch  from  the  ulnar  nerve. 

Each  digital  nerve,  opposite  the  base  of  the  first  phalanx,  gives  off  a  dorsal 
branch,  which  joins  the  dorsal  digital  nerve  from  the  radial  and  runs  along  the 
side  of  the  dorsum  of  the  finger,  to  end  in  the  integument  over  the  last  phalanx. 
At  the  end  of  the  finger  the  digital  nerve  divides  into  a  palmar  and  a  dorsal 
branch,  the  former  of  which  supplies  the  extremity  of  the  finger,  and  the  latter 
ramifies  round  and  beneath  the  nail.  The  digital  nerves,  as  they  run  along  the 
fingers,  are  placed  superficial  to  the  digital  arteries. 
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wrist,  and  supplies  the  integument  over  the  outer  half  of  the  anterior  surface.  At 
the  wrist-joint  it  is  placed  in  front  of  the  radial  artery,  and  some  filaments, 
piercing  the  deep  fascia,  accompany  that  vessel  to  the  back  of  the  wrist,  supplying 
the  carpus.  The  nerve  then  passes  downward  to  the  ball  of  the  thumb,  where  it 
terminates  in  cutaneous  filaments.  It  communicates  with  a  branch  from  the  radial 
nerve  and  the  palmar  cutaneous  branch  of  the  median. 

The  posterior  branch  passes  downward  along  the  back  part  of  the  radial  side 
of  the  forearm  to  the  wrist.  It  supplies  the  integument  of  the  lower  third  of  the 
forearm,  communicating  with  the  radial  nerve  and  the  external  cutaneous  branch 
of  the  musculo-spiral. 

The  Internal  Cutaneous  Nerve  (Fig.  461)  is  one  of  the  smallest  branches  of  the 
brachial  plexus.  It  arises  from  the  inner  cord  in  common  with  the  ulnar  and 
internal  head  of  the  median,  and  at  its  commencement  is  placed  on  the  inner 
side  of  the  brachial  artery.  It  derives  its  fibres  from  the  eighth  cervical  and  first 
dorsal  nerves.  It  passes  down  the  inner  side  of  the  arm,  pierces  the  deep  fascia 
with  the  basilic  vein,  about  the  middle  of  the  limb,  and,  becoming  cutaneous, 
divides  into  two  branches,  anterior  and  posterior. 

This  nerve  gives  off,  near  the  axilla,  a  cutaneous  filament,  which  pierces  the 
fascia  and  supplies  the  integument  covering  the  Biceps  muscle  nearly  as  far  a$ 
the  elbow.  This  filament  lies  a  little  external  to  the  common  trunk,  from  which 
it  arises. 

The  anterior  branchy  the  larger  of  the  two,  passes  usually  in  front  of,  but 
occasionally  behind,  the  median  basilic  vein.  It  then  descends  on  the  anterior 
surface  of  the  ulnar  side  of  the  forearm,  distributing  filaments  to  the  integument 
as  far  as  the  wrist,  and  communicating  with  a  cutaneous  branch  of  the  ulnar 
nerve. 

The  posterior  branch  passes  obliquely  downward  on  the  inner  side  of  the 
basilic  vein,  passes  in  front  of,  or  over,  the  internal  condyle  of  the  humerus  to  the 
back  of  the  forearm,  and  descends  on  the  posterior  surface  of  its  ulnar  side  as  far 
as  the  wrist,  distributing  filaments  to  the  integument.  It  communicates,  above 
the  elbow,  with  the  lesser  internal  cutaneous,  and  above  the  wrist  with  the  dorsal 
cutaneous  branch  of  the  ulnar  nerve  (Swan). 

The  Lesser  Internal  Cutaneous  Nerve  {nerve  of  Wrisberg)  (Fig.  461)  is  distrib- 
uted to  the  integument  on  the  inner  side  of  the  arm.  It  is  the  smallest  of  the 
branches  of  the  brachial  plexus,  and,  arising  from  the  inner  cord  with  the  internal 
cutaneous  and  ulnar  nerves,  receives  its  fibres  from  the  first  dorsal  nerve.  It 
passes  through  the  axillary  space,  at  first  lying  behind^  and  then  on  the  inner  side 
of,  the  axillary  vein,  and  communicates  with  the  intercos to-humeral  nerve.  It 
descends  along  the  inner  side  of  the  brachial  artery  to  the  middle  of  the  arm. 
where  it  pierces  the  deep  fascia,  and  is  distributed  to  the  integument  of  the  back 
part  of  the  lower  third  of  the  arm,  extending  as  far  as  the  elbow,  where  sume 
filaments  are  lost  in  the  integument  in  front  of  the  inner  condyle,  and  others 
over  the  olecranon.  It  communicates  with  the  posterior  branch  of  the  internal 
cutaneous  nerve. 

In  some  cases  the  nerve  of  Wrisberg  and  intercos  to-humeral  are  connected  by 
two  or  three  filaments  which  form  a  plexus  at  the  back  part  of  the  axilla.  In 
other  cases  the  intercosto-humeral  is  of  large  size,  and  takes  the  place  of  the 
nerve  of  Wrisberg,  receiving  merely  a  filament  of  communication  from  the  brachial 
plexus,  which  represents  the  latter  nerve.  In  other  cases  this  filament  is  wanting, 
the  place  of  the  nerve  of  Wrisberg  being  supplied  entirely  from  the  intercosto- 
humeral. 

The  Median  Nerve  (Fig.  461)  has  received  its  name  from  the  course  it  takes 
along  the  middle  of  the  arm  and  forearm  to  the  hand,  lying  between  the  ulnar 
and  the  musculo-spiral  and  radial  nerves.  It  arises  by  two  roots,  one  from  the 
outer,  and  one  from  the  inner,  cord  of  the  brachial  plexus  ;  these  embrace  the  lower 
part  of  the  axillary  artery,  uniting  either  in  front  or  on  the  outer  side  of  that 
vessel.     It  receives  filaments  from  the  sixth,  seventh,  and  eighth  cervical  and  the 
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first  dorsal.  As  it  descends  through  the  arm,  it  lies  at  first  on  the  outer  side  of 
the  brachial  artery,  crosses  that  vessel  in  the  middle  of  its  course,  usually  in 
front,  but  occasionally  behind  it,  and  lies  on  its  inner  side  to  the  bend  of  the 
elbow,  where  it  is  placed  beneath  the  bicipital  fascia,  and  is  separated  from  the 
elbow-joint  by  the  Brachialis  anticus.  In  the  forearm  it  passes  between  the  two 
heads  of  the  Pronator  radii  teres,  and  descends  beneath  the  Flexor  sublimis,  lying 
on  the  Flexor  profundus,  to  within  two  inches  above  the  annular  ligament,  where 
it  becomes  more  superficial,  lying  between  the  tendons  of  the  Flexor  sublimis 
and  Flexor  carpi  radialis,  beneath,  or  rather  to  the  ulnar  side  of,  the  tendon  of 
the  Palmaris  longus,  covered  by  the  integument  and  fascia.  It  then  passes  beneath 
the  annular  ligament  into  the  hand.  In  its  course  through  the  forearm  it  is 
accompanied  by  a  small  artery. 

Branches. — No  branches  are  given  off  from  the  median  nerve  in  the  arm.  In 
the  forearm  its  branches  are  muscular,  anterior  interosseous,  and  palmar  cuta- 
neous, and,  according  to  Budinger  and  Macalister,  two  articular  twigs  to  the 
elbow-joint. 

The  muscular  branches  supply  all  the  superficial  muscles  on  the  front  of  the 
forearm,  except  the  Flexor  carpi  ulnaris.  These  branches  are  derived  from  the 
nerve  near  the  elbow.  The  branch  furnished  to  the  Pronator  radii  teres  often 
arises  above  the  joint. 

The  anterior  interosseous  supplies  the  deep  muscles  on  the  front  of  the  fore- 
arm, except  the  inner  half  of  the  Flexor  profundus  digitorum.  It  accompanies 
the  anterior  interosseous  artery  along  the  interosseous  membrane,  in  the  interval 
between  the  Flexor  longus  poUicis  and  Flexor  profundus  digitorum  muscles,  both 
of  which  it  supplies,  and  terminates  below  in  the  Pronator  quadratus. 

The  palmar  cutaneous  branch  arises  from  the  median  nerve  at  the  lower  part 
of  the  forearm.  It  pierces  the  fascia  above  the  annular  ligament,  and,  descending 
over  that  ligament,  divides  into  two  branches ;  of  which  the  outer  supplies  the 
skin  over  the  ball  of  the  thumb,  and  communicates  with  the  anterior  cutaneous 
branch  of  the  musculo-cutaneous  nerve ;  and  the  inner  supplies  the  integument  of 
the  palm  of  the  hand,  communicating  with  the  cutaneous  branch  of  the  ulnar. 

In  the  palm  of  the  hand  the  median  nerve  is  covered  by  the  iptegument  and 
palmar  fascia  and  crossed  by  the  superficial  palmar  arch.  It  rests  upon  the 
tendons  of  the  flexor  muscles.  In  this  situation  it  becomes  enlarged,  somewhat 
flattened,  of  a  reddish  color,  and  divides  into  two  branches.  Of  these,  the 
external  supplies  a  muscular  branch  to  some  of  the  muscles  of  the  thumb  and 
digital  branches  to  the  thumb  and  index  finger ;  the  internal  supplies  digital 
branches  to  the  contiguous  sides  of  the  index  and  middle  and  of  the  middle  and 
ring  fingers. 

The  branch  to  the  muscles  of  the  thumb  is  a  short  nerve  which  subdivides 
to  supply  the  Abductor,  Opponens,  and  outer  head  of  the  Flexor  brevis  pollicis 
muscles,  the  remaining  muscles  of  this  group  being  supplied  by  the  ulnar 
nerve. 

The  digital  branches  are  five  in  number.  The  first  and  second  pass  along  the 
borders  of  the  thumb,  the  external  branch  communicating  with  branches  of  the 
radial  nerve.  The  third  passes  along  the  radial  side  of  the  index  finger,  and 
supplies  the  First  lumbricalis  muscle.  The  fourth  subdivides  to  supply  the  adjacent 
sides  of  the  index  and  middle  fingers,  and  sends  a  branch  to  the  Second  lumbrical 
muscle.  The  fifth  supplies  the  adjacent  sides  of  the  middle  and  ring  fingers,  and 
communicates  with  a  branch  from  the  ulnar  nerve. 

Each  digital  nerve,  opposite  the  base  of  the  first  phalanx,  gives  off  a  dorsal 
branch,  which  joins  the  dorsal  digital  nerve  from  the  radial  and  runs  along  the 
side  of  the  dorsum  of  the  finger,  to  end  in  the  integument  over  the  last  phalanx. 
At  the  end  of  the  finger  the  digital  nerve  divides  into  a  palmar  and  a  dorsal 
branch,  the  former  of  which  supplies  the  extremity  of  the  finger,  and  the  latter 
ramifies  round  and  beneath  the  nail.  The  digital  nerves,  as  they  run  along  the 
fingers,  are  placed  superficial  to  the  digital  arteries. 
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The  IJlnar  Nerve  (Fig.  461)  is  placed  along  the  inner  or  ulnar  side  of  the  upper 
limb,  and  is  distributed  to  the  muscles  and  integument  of  the  forearm  and  hand. 
It  is  smaller  than  the  median,  behind  which  it  is  placed,  diverging  from  it  in  its 
course  down  the  arm.  It  arises  from  the  inner  cord  of  the  brachial  plexus,  in 
common  with  the  inner  head  of  the  median  and  the  internal  cutaneous  nerve,  and 
derives  its  fibres  from  the  eighth  cervical  and  first  dorsal  nerves.  At  its  commence- 
ment it  lies  at  the  inner  side  of  the  axillary  artery,  and  holds  the  same  relation 
with  the  brachial  artery  to  the  middle  of  the  arm.  From  this  point  it  runs  obliquely 
across  the  internal  head  of  the  Triceps,  pierces  the  internal  intermuscular  septuni, 
and  descends  to  the  groove  between  the  internal  condyle  and  the  olecranon,  accom- 
panied by  the  inferior  profunda  artery.  At  the  elbow  it  rests  upon  the  back  of  the 
inner  condyle,  and  passes  into  the  forearm  between  the  two  heads  of  the  Flexor 
carpi  ulnaris.  In  the  forearm  it  descends  in  a  perfectly  straight  course  along  its 
ulnar  side,  lying  upon  the  Flexor  profundus  digitorum,  its  upper  half  being  covered 
by  the  Flexor  carpi  ulnaris,  its  lower  half  lying  on  the  outer  side  of  the  muscle, 
covered  by  the  integument  and  fascia.  The  ulnar  artery,  in  the  upper  third  of  its 
course,  is  separated  from  the  ulnar  nerve  by  a  considerable  interval,  but  in  the 
rest  of  its  extent  the  nerve  lies  to  its  inner  side.  At  the  wrist  the  ulnar  nerve 
crosses  the  annular  ligament  on  the  outer  side  of  the  pisiform  bone,  to  the  inner 
side  and  a  little  behind  the  ulnar  artery,  and  immediately  beyond  this  bone  divides 
into  two  branches,  superficial  and  deep  palmar. 

The  branches  of  the  ulnar  nerve  are — 


Articular  (elbow). 
I  Muscular.  ^  cs         ^  •  i      i 

In  the  forearm  \  Cutaneous.  In  the  hand  |  £«      almar        " 

Dorsal  cutaneous.  '^         "  P 

^Articular  (wrist). 

The  articular  branches  distributed  to  the  elbow-joint  consist  of  several  small 
filaments.  They  arise  from  the  nerve  as  it  lies  in  the  groove  between,  the  inner 
condyle  and  olecranon.. 

The  muscular  branches  are  two  in  number — one  supplying  the  Flexor  carpi 
ulnaris ;  the  other,  the  inner  half  of  the  Flexor  profundus  digitorum.  They  arise 
from  the  trunk  of  the  nerve  near  the  elbow. 

The  cutaneous  branch  arises  from  the  ulnar  nerve  about  the  middle  of  the  fore- 
arm, and  divides  into  two  branches. 

One  branch  (frequently  absent)  pierces  the  deep  fascia  near  the  wrist,  and  is 
distributed  to  the  integument,  communicating  with  a  branch  of  the  internal 
cutaneous  nerve. 

The  second  branch  (palmar  cutaneous)  lies  on  the  ulnar  artery,  which  it 
accompanies  to  the  hand,  some  filaments  entwining  round  the  vessel ;  it  ends  in 
the  integument  of  the  palm,  communicating  with  branches  of  the  median  nerve. 

The  dorsal  cutaneous  branch  arises  about  two  inches  above  the  w^rist ;  it  passes 
backward  beneath  the  Flexor  carpi  ulnaris,  perforates  the  deep  fascia,  and,  running 
along  the  ulnar  side  of  the  back  of  the  wrist  and  hand,  supplies  the  inner  side  of 
the  little  finger  and  the  adjoining  sides  of  the  little  and  ring  fingers ;  it  communi- 
cates with  the  posterior  branch  of  the  internal  cutaneous  nerve,  and  sends  a  com- 
municating filament  to  that  branch  of  the  radial  nerve  which  supplies  the  adjoining 
sides  of  the  middle  and  ring  fingers. 

The  articular  filaments  to  the  tvrist  are  also  supplied  by  the  ulnar  nerve. 

The  superfiidal  jmlmar  branch  supplies  the  Palmaris  brevis  and  the  integu- 
ment on  the  inner  side  of  the  hand,  and  terminates  in  two  digital  branches,  which 
are  distributed,  one  to  the  ulnar  side  of  the  little  finger,  the  other  to  the  adjoining 
sides  of  the  little  and  ring  fingers,  the  latter  communicating  with  a  branch  from 
the  median.  The  digital  branches  are  distributed  to  the  fingers  in  the  same 
manner  as  the  digital  branches  of  the  median. 

The  deep  palmar  branch  passes   between    the  Abductor   and  Flexor  brevis 
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minimi  digiti  muscles,  and  follows  the  course  of  the  deep  palmar  arch  beneath  the 
flexor  tendons.  At  its  origin  it  supplies  the  muscles  of  the  little  finger.  As  it 
crosses  the  deep  part  of  the  hand  it  sends  two  branches  to  each  interosseous 
space,  one  for  the  Dorsal  and  one  for  the  Palmar  interosseous  muscle,  the  branches 
to  the  Second  and  Third  palmar  interossei  supplyiYig  filaments  to  the  two  inner 
Lumbrical  muscles.  At  its  termination  between  the  thumb  and  index  finger  it 
supplies  the  Adductores  transversus  et  obliquus  pollicis  and  the  inner  head  of  the 
Flexor  brevis  pollicis. 

It  will  be  remembered  that  the  inner  part  of  the  Flexor  profundus  digitorum  is 
supplied  by  the  ulnar  nerve ;  the  two  inner  Lumbricales,  which  are  connected  with 
the  tendons  of  this  part  of  the  muscle,  are  therefore  supplied  by  the  same  nerve. 
The  outer  part  of  the  Flexor  profundus  is  supplied  by  the  median  nerve ;  the 
two  outer  Lumbricales,  which  are  connected  with  the  tendons  of  this  part  of  the 
muscle,  are  therefore  supplied  by  the  same  nerve. 

The  Musculo-spiral  Nerve  (Fig.  462),  the  largest  branch  of  the  brachial  plexus, 
supplies  the  muscles  of  the  back  part  of  the  arm  and  forearm  and  the  integument 
of  the  same  parts,  as  well  as  that  of  the  back  of  the  hand.  It  arises  from  the 
posterior  cord  of  the  brachial  plexus  by  a  common  trunk  with  the  circumflex 
nerve,  and  is  afterward  joined  by  the  posterior  division  of  the  trunk,  formed  by  the 
junction  of  the  eighth  cervical  and  first  dorsal  nerves.  It  receives  filaments  from 
the  sixth,  seventh,  and  eighth  cervical  and  first  dorsal  nerves.  At  its  commence- 
ment it  is  placed  behind  the  axillary  and  upper  part  of  the  brachial  arteries, 
pa.ssing  down  in  front  of  the  tendons  of  the  Latissimus  dorsi  and  Teres  major. 
It  winds  round  the  humerus  in  the  musculo-spiral  groove  with  the  superior  pro- 
funda artery,  passing  from  the  inner  to  the  outer  side  of  the  bone,  between  the 
internal  and  external  heads  of  the  Triceps  muscle.  It  pierces  the  external  inter- 
muscular septum,  and  descends  between  the  Brachialis  anticus  and  Supinator 
longus  to  the  front  of  the  external  condyle,  where  it  divides  into  the  radial  and 
posterior  interosseous  nerves. 

The  branches  of  the  musculo-spiral  nerve  are — 

Muscular.  Radial. 

Cutaneous.  Posterior  interosseous. 

The  muscular  branches  are  divided  into  internal,  posterior,  and  external ;  they 
supply  the  Triceps,  Anconeus,  Supinator  longus.  Extensor  carpi  radialis  longior, 
and  Brachialis  anticus.  These  branches  are  derived  from  the  nerve  at  the  inner 
side,  back  part,  and  outer  side  of  the  arm. 

The  internal  muscular  branches  supply  the  inner  and  middle  heads  of  the 
Triceps  muscle.  That  to  the  inner  head  of  the  Triceps  is  a  long,  slender  filament 
which  lies  close  to  the  ulnar  nerve,  as  far  as  the  lower  third  of  the  arm,  and  is 
often  intimately  connected  with  it. 

The  posterior  muscular  branch,  of  large  size,  arises  from  the  nerve  in  the 
groove  between  the  Triceps  and  the  humerus.  It  divides  into  branches  which 
supply  the  outer  heJid  of  the  Triceps  and  Anconeus  muscles.  The  branch  for  the 
latter  muscle  is  a  long,  slender  filament  which  descends  in  the  substance  of  the 
Triceps  to  the  Anconeus. 

The  external  muscular  branches  supply  the  Supinator  longud,  Extensor  carpi- 
radialis  longior,  and  (usually)  the  outer  part  of  the  Brachialis  anticus. 

The  cutaneous  branches  are  three  in  number,  one  internal  and  two  external. 

The  internal  cutaneous  branch  arises  in  the  axillary  space  with  the  inner  mus- 
cular branch.  It  is  of  small  size,  and  passes  through  the  axilla  to  the  inner  side 
of  the  arm,  supplying  the  integument  on  its  posterior  aspect  nearly  as  far  as  the 
olecranon.  In  its  course  it  crosses  beneath  the  intercosto-humeral,  with  which 
it  communicates. 

The  two  external  cutaneous  branches  perforate  the  outer  head  of  the  Triceps 
at  its  attachment  to  the  humerus.  The  upper  and  smaller  one  passes  to  the 
front  of   the  elbow,  lying  close  to  the  cephalic  vein,  and   supplies  the  integu- 
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ment  of  the  lower  half  of  the  arm  on  its  anterior  aspect.     The  lower  branch 
pierces  the  deep  fascia  below  the  insertion  of  the  Deltoid,  and  passes  down  alonjr 

the  outer  side  of  the  iirm  an<j 
elbow,  and  then  along  the 
back  part  of  the  radial  side 
of  the  forearm  to  the  wrist, 
supplying  the  integument  in 
I  its  course,  and  joining,  nesr 

its  termination,  with  the  po.j- 
terior  cutaneous  branch  of  the 
musculo-ciitaneous  neri-e. 

The  radial  nerve  passi-s 
along  the  front  of  the  radial 
side  of  the  forearm  to  the 
commencement  of  its  lower 
third.  It  lies  at  first  a  littlf 
to  the  outer  side  of  the  radial 
artery,  concealed  beneath  the 
Supinator  longus.  In  the 
middle  third  of  the  forearm 
it  lies  beneath  the  same  mus- 
cle, in  close  relation  with  the 
outer  side  of  the  artery.  It 
quits  the  artery  about  three 
inches  above  the  wrist,  passe* 
beneath  the  tendon  of  the 
Supinator  longus.  and,  pier- 
cing tbe  deep  fascia  at  the 
outer  border  of  tbe  forearm, 
divides  into  two  branches. 

The  external  branch,  the 
smaller  of  the  two,  supplies 
the  integument  of  the  radial 
side  and  ball  of  the  thumb. 
joining  with  the  anterior 
branch  of  the  mu9cu)o.«Qta- 
neous  nerve. 

The  internal  branch  com- 
municates, above  the  wrisi. 
with  the  posterior  cutanctus 
branch  from  the  muscubi- 
cutaneous,  and  on  the  hack 
of  the  hand  forms  an  arch 
with  the  dorsal  cutaneous 
branch  of  the  ulnar  nerve. 
It  then  divides  into  three 
digital  nerves,  which  are  di.-i- 
tributed  as  follows  :  Tbe  first 
^^T^S:  *^~'^''*  -ipnaopul".  cfrcumeei,  .nd   muMal<«plral      g^ppji^    ^)^^    uJ^ar    aide    ..f 

the  thumb  and  the  radini 
side  of  the  index  finger;  the  second,  the  adjoining  sides  of  the  index  and  middle 
fingers;  and  tbe  third,  the  adjacent  borders  of  the  middle  and  ring  fingers.'  The 
latter  nerve  communicates  Hitb  a  filament  from  tbe  dorsal  branch  of  the  ulnar 
nerve. 

'  AnKirdinB  to  HulchinKon,  the  diRltal  nerve  to  the  thumb  reaches  only  as  hifih  as  Iheroot  of  ihf 
Miiit;  the  one  m  llii;  ri'reHngvr  iis  high  as  llie  middle  of  ihc  wecond  jihalanx;  and  the  one  to  the  mid- 
dle and  ring  tillgen  nut  liigTier  than  iIil'  lir^t  phiilungvnl  jninC  (Loadoa  lloap.  Oia.  vol.  iii.  p.  319.1 
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The  Posterior  Interosseous  Nerve  winds  to  the  back  of  the  forearm  through 
the  fibres  of  the  Supinator  brevis,  and  passes  down,  between  the  superficial 
and  deep  layer  of  muscles,  to  the  middle  of  the  forearm.  Considerably  dimin- 
ished in  size,  it  descends  on  the  interosseous  membrane,  beneath  the  Extensor 
longus  poUicis,  to  the  back  of  the  carpus,  where  it  presents  a  gangliform 
enlargement  from  which  filaments  are  distributed  to  the  ligaments  and  artic- 
ulations of  the  carpus.  It  supplies  all  the  muscles  of  the  radial  and  posterior 
brachial  regions,  excepting  the  Anconeus,  Supinator  longus,  and  Extensor  carpi 
radialis  longior. 

Surgical  Anatomy. — ^The  brachial  plexus  may  be  ruptured  by  traction  on  the  limb  leading 
to  complete  paralysis.  In  these  cases  the  lesion  would  appear  to  be  rather  a  tearing  away  of 
the  nerves  from  the  spinal  cord  than  a  solution  of  continuity  of  the  nerve-fibres  themselves.  In 
the  axilla  any  of  the  nerves  forming  the  brachial  plexus  may  be  injured  in  a  wound  of  this  part, 
the  median  being  the  one  which  is  most  frequently  damaged  from  its  exposed  position,  ana  the 
musculo-s^iral,  on  account  of  its  sheltered  and  deep  position,  being  the  least  of\en  wounded. 
The  brachial  plexus  in  the  axilla  is  oilen  damaged  from  the  pressure  of  a  crutch,  producing  the 
condition  known  as  '* crutch  paralysis."  In  these  cases  the  musculo-spiral  appeara  to  be  the 
nerve  which  is  most  frequently  implicated  to  the  greatest  extent,  the  ulnar  nerve  being  the  one 
that  appears  to  suffer  next  in  frequency. 

The  circumflex  nerve  is  of  particular  surgical  interest.  On  account  of  its  course  round  the 
joint  it  is  liable  to  be  torn  in  fractures  of  the  surgical  neck  of  the  humerus  and  in  dislocations 
of  the  shoulder-joint,  leading  to  paralysis  of  the  deltoid,  and,  according  to  Erb,  inflammation  of 
the  shoulder-joint  is  liable  to  be  followed  by  a  neuritis  of  this  nerve  from  extension  of  the 
inflammation  to  it. 

Mr.  Hilton  takes  the  circumflex  nerve  as  an  illustration  of  a  law  which  he  lays  down,  that 
''  the  same  trunks  of  nerves  whose  branches  supply  the  groups  of  muscles  moving  a  ioint  funiish 
also  a  distribution  of  nerves  to  the  skin  over  the  insertions  of  the  same  muscles,  and  the  interior 
of  the  joint  receives  its  nerves  from  the  same  source."  In  this  way  he  explains  the  fact  that  an 
inflamed  joint  becomes  rigid,  because  the  same  nerves  which  supply  the  interior  of  the  joint 
supply  the  muscles  also  which  move  that  joint. 

The  nieilian  nerve  is  liable  to  injury  in  wounds  of  the  forearm.  When  paralyzed,  there  is 
loss  of  flexion  of  the  second  phalanges  of  all  the  fingers  and  of  the  terminal  phalanges  of  the 
index  and  middle  fingers.  Flexion  of  the  terminal  phalanges  of  the  ring  and  middle  Angers  is 
effected  by  that  portion  of  the  Flexor  profundus  digitorum  which  is  supplied  by  the  ulnar  nerve. 
There  is  power  to  flex  the  proximal  phalanges  through  the  Interossei.  The  thumb  cannot  be 
flexed  or  opposed,  and  is  maintained  in  a  position  of  extension  and  adduction.  All  power  of 
pronation  is  lost.  The  wrist  can  be  flexed,  if  the  hand  is  first  adducted,  by  the  action  of  the 
Flexor  carpi  ulnaris.  There  is  loss  or  impairment  of  sensation  on  the  palmar  surface  of  the 
thumb,  inaex,  middle,  and  outer  half  of  the  ring  fingers,  and  on  the  dorsal  surface  of  the  same 
fingers  over  the  last  two  phalanges ;  except  in  the  thumb,  where  the  loss  of  sensation  would  be 
limited  to  the  back  of  tne  last  phalanx.  In  order  to  expose  the  median  nerve  for  the  purpose 
of  stretching  an  incision  should  be  made  along  the  ulnar  side  of  the  tendon  of  the  ralmaris 
longus,  which  sen'es  as  a  guide  to  the  nerve. 

The  ulnar  nerve  is  also  liable  to  be  injured  in  wounds  of  the  forearm.  When  paralyzed, 
there  is  loss  of  power  of  flexion  in  the  ring  and  little  fingers ;  there  is  impaired  power  of  ulnar 
flexion  and  adduction  ;  there  is  inability  to  spread  out  the  fingers  from  paralysis  of  the  Inter- 
ossei ;  and  there  is  inability  to  adduct  the  thumb.  Sensation  is  lost  or  impaired  in  the  skin  sup- 
plied by  the  nerve.  In  order  to  expose  the  nerve  in  the  lower  part  of  the  forearm,  an  incision 
should  be  made  along  the  outer  boruer  of  the  tendon  of  the  Flexor  carpi  ulnaris,  and  the  nerve 
will  be  found  lying  on  the  ulnar  side  of  the  ulnar  artery. 

The  musculo-spiral  nerve  is  probably  more  frequently  injured  than  any  other  nerve  of  the 
upper  extremity.  In  consequence  of  its  close  relationship  to  the  humerus  as  it  lies  in  the  mus- 
culo-spiral groove,  it  is  frequently  torn  or  injured  in  fractures  of  this  bone,  or  subsequently 
involved  in  the  callus  that  may  be  thrown  out  around  a  fracture,  and  thus  pressed  upon  and  its 
functions  interfered  with.  It  is  also  liable  to  be  contused  against  the  bone  oy  kicks  or  blows  or 
to  be  divided  by  wounds  of  the  arm.  When  paralyzed,  the  hand  is  flexed  at  the  wrist  and  lies 
flaccid.  This  is  known  as  *^  drop- wrist."  The  fingers  are  also  flexed,  and  on  an  attempt  being 
made  to  extend  them  the  last  two  phalanges  onlv  will  be  extended  through  the  action  of  the  Inter- 
ossei, the  first  phalanges  remaining  flexed.  There  is  no  power  of  extending  the  wrist.  Supina- 
tion is  completely  lost  when  the  forearm  is  extended  on  the  arm,  but  it  isi)ossible  to  a  certain 
extent  if  the  forearm  is  flexed  so  as  to  allow  of  the  action  of  the  Biceps.  The  power  of  exten- 
sion of  the  forearm  is  lost  on  account  of  paralysis  of  the  Triceps.  The  best  position  in  which 
to  expose  the  nerve  lor  the  purpose  of  stretehing  is  to  make  an  incision  along  the  inner 
border  of  the  Supinator  longus,  just  above  the  level  of  the  elbow-joint.  The  skin  and  super- 
ficial structures  are  to  be  divided  and  the  deep  fascia  exposed.  The  white  line  in  this  struc- 
ture indicating  the  border  of  the  muscle  is  to  be  definea,  and  the  deep  fascia  divided  in  this 
line.  By  now  raising  the  Supinator  longus  the  nerve  will  be  found  lying  beneath  it,  on  the 
Brachialis  anticus. 
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THE   DORSAL   NERVES  (Fig.  468). 

The  Dorsal  Nerves  are  twelve  in  number  on  each  side.  The  first  appears 
between  the  first  and  second  dorsal  vertebrae,  and  the  last  between  the  last  dorsal 
and  first  lumbar. 

The  roots  of  the.  dorsal  nerves  are  of  small  size,  and  vary  but  slightly  from  the 
second  to  the  last.  Both  roots  are  very  slender,  the  posterior  roots  only  slightly 
exceeding  the  anterior  in  thickness.  They  gradually  increase  in  length  from 
above  downward,  and  pass  down  in  contact  with  the  spinal  cord  for  a  distance 
equal  to  the  height  of,  at  least,  two  vertebrae,  in  the  lower  part  of  the  dorsal  region, 
before  they  emerge  from  the  spinal  canal.  They  then  join  in  the  intervertebral 
foramen,  and  at  their  exit  divide  into  two  primary  divisions,  a  posterior  (dorsal) 
and  an  anterior  (intercostal). 

The  first  and  last  dorsal  nerves  are  peculiar  in  some  respects. 

Posterior  Divisions  of  the  Dorsal  Nerves. 

The  posterior  divisions  of  the  dorsal  nerves,  which  are  smaller  than  the  ante- 
rior, pass  backward  between  the  transverse  processes,  and  divide  into  internal  and 
external  branches. 

The  internal  branches  of  the  six  tipper  nerves  pass  inward  between  the  Semi- 
spinalis  dorsi  and  Multifidus  spinse  muscles,  which  they  supply,  and  then,  piercing 
the  origins  of  the  Rhomboidei  and  Trapezius  muscles,  become  cutaneous  by  the 
side  of  the  spinous  processes  and  ramify  in  the  integument.  The  internal  branches 
of  the  six  lower  nerves  are  distributed  to  the  Multifidus  spinae,  without  giving  off 
any  cutaneous  filaments. 

The  external  branches  increase  in  size  from  above  downward.  They  pass 
through  the  Longissimus  dorsi  to  the  cellular  interval  between  it  and  the  Ilio- 
costalis,  and  supply  those  muscles,  as  well  as  their  continuations  upward  to  the 
head,  and  the  Levatores  costarum ;  the  five  or  six  lower  nerves  also  give  off 
cutaneous  filaments,  which  pierce  the  Serratus  posticus  inferior  and  Latissimus  dorsi 
in  a  line  with  the  angles  of  the  ribs,  and  then  ramify  in  the  integument. 

The  cutaneous  branches  of  the  dorsal  nerves  are  twelve  in  number.  The  six 
upper  cutaneous  nerves  are  derived  from  the  internal  branches  of  the  posterior 
divisions  of  the  dorsal  nerves.  They  pierce  the  origins  of  the  Rhomboidei  and 
Trapezius  muscles,  and  become  cutaneous  by  the  side  of  the  spinous  processes, 
and  then  ramify  in  the  integument.  They  are  frequently  furnished  with  gangliform 
enlargements.  The  six  lower  cutaneous  nerves  are  derived  from  the  external 
branches  of  the  posterior  divisions  of  the  dorsal  nerves.  They  pierce  the  Serratus 
posticus  inferior  and  Latissimus  dorsi  in  a  line  with  the  angles  of  the  ribs,  and 
then  ramify  in  the  integument. 

Anterior  Divisions  of  the  Dorsal  Nerves. 

The  anterior  divisions  of  the  dorsal  nerves  {intercostal  nerves)  are  twelve  in 
number  on  each  side.  They  are,  for  the  most  part,  distributed  to  the  parietes  of 
the  thorax  and  abdomen,  separately  from  each  other,  without  being  joined  in  a 
plexus ;  in  which  respect  they  differ  from  the  other  spinal  nerves.  Each  nerve  is 
connected  with  the  adjoining  ganglia  of  the  sympathetic  by  one  or  two  filaments. 
The  intercostal  nerves  may  be  divided  into  two  sets,  from  the  difference  they 
present  in  their  distribution.  The  six  upper,  with  the  exception  of  the  first  and 
the  intercosto-humeral  branch  of  the  second,  are  limited  in  their  distribution  to  the 
parietes  of  the  chest.  The  six  lower  supply  the  parietes  of  the  chest  and  abdomen, 
the  last  one  sending  a  cutaneous  filament  to  the  hip. 

The  First  Dorsal  Nerve. — The  anterior  division  of  the  first  dorsal  nerve  divides 
into  two  branches :  one,  the  larger,  leaves  the  thorax  in  front  of  the  neck  of  the 
first  rib,  and  enters  into  the  formation  of  the  brachial  plexus ;  the  other  and 
smaller  branch  runs  along  the  first  intercostal  space,  forming  the  first  intercostal 
nerve,  and  terminates   on   the  front  of  the  chest  by  forming  the  first  anterior 
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tn  dislribullou  ul  the  posterior  branohta  t,{  the  spiuul  neivrs  {alter  III  recti  Ibid 

.   ....    _ .ftp  putanBouB  branches  are  reprfsenHHl  Ijirijt  on  Ihesuperflclsl  layer  of  mu>- 

I.   Ob  the  right  side  the  auperflcliil  imisclea  have  been  removed,  the  Splcnhu  capitis  and  ComplexiudtTltled 
— ■-  — ^  ---e  Ereotor  spinip  divided  and  partly  removed  in  the  bai'k.  m  an  In  expose  the  posterior  divla- 


miuirular  hranches  of  the  Hnt  cervleal  nerve,  and  union  by  a  loop  with  the  serond.  2.  placed  on  the  Rertua 
ipltis  posticus  major  muscle,  marks  the  great  occipital  nerve,  pass! ntc  round  the  short  muscles  and  plerdnK 
Mf  Cocnplexua :  the  extermU  branch  Is  seen  tu  the  outside,  3.  External  lirHnch  ftom  the  posterior  dlvMon  of 
: he  third  nerve.  S,  Its  lnt«mRl  branch,  sometimes  called  the  third  iK'clpllal.  4' to  8'.  The  Inti-mal  branches 
it  the  several  correspondlnif  nerves  on  the  left  side.  The  external  branches  of  these  nerves.  proceeiUnjr  to 
iiiuvles.are  displayed  on  the  right  side,  d  1  to  d  S.  and  thence  to  d  12.  Kxtemul  muscular  branches  of  the  pas- 
tciinr  divisions  of  the  twelve  dorsal  nerves  on  the  right  side,  ill'  to  d  a'.  The  Internal  culaneons  branches  oC 
lie  III  upper  dorsal  nerves  on  the  lell  sldu,  <(T'to  tlv^.  (.'utanoous  iwixs  from  the  external  branches  of  thi 
ill  lower  dorsal  nerves.  J  I.  External  branched  fTuni  the  posterior  divisions  or  several  lumbar  nerves  on  Ihi 
rlihl  tlilB  nliTf lnir  the  mi»MM  Ihp  Iow.t  descending  over  the  gluteal  rei;ion.    V  f.  The  same,  more  super 

mton  by  loi>pB  of  the  p"»tert..r  divisions  of  foiinacral  nerves  on  the 

J  the  skin  on  the  left  side. 

cutaneous  aerve  of  the  thorax.  Occasionally  this  anterior  cutaneous  branch  is 
wanting.     The  first  intercostal  nerve,  as  a  rule,  gives  off  no  lateral  cutaneous 
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branch,  but  sometimes  a  small  branch  is  given  off  which  communicates  with  the 
intercosto-humeral. 

The  Upper  Dorsal  Nerves. — The  anterior  divisions  of  the  second,  third,  fourth, 
fifth,  and  sixth  dorsal  nerves  and  the  small  branch  from  the  first  dorsal  are 
confined  to  the  parietes  of  the  thorax,  and  are  named  upper  or  pectoral  intercostal 
nerves.  They  pass  forward  in  the  intercostal  spaces  with  the  intercostal  vessels, 
being  situated  below  them.  At  the  back  of  the  chest  they  lie  between  the  pleura 
and  the  External  intercostal  muscle,  but  are  soon  placed  between  the  two  planes 
of  Intercostal  muscles  as  far  as  the  middle  of  the  rib.  They  then  enter  the 
substance  of  the  Internal  intercostal  muscles,  and,  running  amidst  their  fibres  as  far 
as  the  costal  cartilages,  they  gain  the  inner  surface  of  the  muscles  and  lie  between 
them  and  the  pleura.  Near  the  sternum  they  cross  the  internal  mammary  artery 
and  Triangularis  sterni  muscle,  pierce  the  Internal  intercostal  and  Pectoralis  major 
muscles,  and  supply  the  integument  of  the  front  of  the  chest  and  over  the 
mammary  gland,  forming  the  anterior  cutaneous  nerves  of  the  thorax,  the  branch 
from  the  second  nerve  becoming  joined  with  the  supraclavicular  nerves  of  the 
cervical  plexus. 

Branches, — Numerous  slender  muscular  filaments  supply  the  Intercostals,  the 
Infracos tales,  the  Levatores  costarum,  Serratus  posticus  superior,  and  Triangularis 
sterni  muscles.  Some  of  these  branches,  at  the  front  of  the  chest,  cross  the  costal 
cartilages  from  one  to  another  intercostal  space. 

Lateral  OiUaneous  Nerves, — These  are  derived  from  the  intercostal  nerves, 
midway  between  the  vertebrae  and  sternum :  they  pierce  the  External  intercostal 
and  Serratus  magnus  muscles,  and  divide  into  two  branches,  anterior  and  posterior. 

The  anterior  branches  are  reflected  forward  to  the  side  and  the  fore  part  of  the 
chest,  supplying  the  integument  of  the  chest  and  mamma  and  the  upper  digitations 
of  the  External  oblique. 

The  posterior  branches  are  reflected  backward  to  supply  the  integument  over 
the  scapula  and  over  the  Latissimus  dorsi. 

The  lateral  cutaneous  branch  of  the  second  intercostal  nerve  is  of  large  size, 
and  does  not  divide,  like  the  other  nerves,  into  an  anterior  and  posterior  branch. 
It  is  named,  from  its  origin  and  distribution,  the  intercosto-humeral  nerve  (Fig.  461). 
It  pierces  the  External  intercostal  muscle,  crosses  the  axilla  to  the  inner  side  of 
the  arm,  and  joins  with  a  filament  from  the  nerve  of  Wrisberg.  It  then  pierces 
the  fascia,  and  supplies  the  skin  of  the  upper  half  of  the  inner  and  back  part  of 
the  arm,  communicating  with  the  internal  cutaneous  branch  of  the  musculo-spiral 
nerve.  The  size  of  this  nerve  is  in  inverse  proportion  to  the  size  of  the  other 
cutaneous  nerves,  especially  the  nerve  of  Wrisberg.  A  second  intercosto-humeral 
nerve  is  frequently  given  off  from  the  third  intercostal.  It  supplies  filaments  to 
the  armpit  and  inner  side  of  the  arm. 

The  Lower  Dorsal  Nerves. — The  anterior  divisions  of  the  seventh,  eighth,  ninth, 
tenth,  and  eleventh  dorsal  nerves  are  continued  anteriorly  from  the  intercostal 
spaces  into  the  abdominal  wall,  and  the  twelfth  dorsal  is  continued  throughout 
its  whole  course  in  the  abdominal  wall,  since  it  is  placed  below  the  last  rib  ;  hence 
these  nerves  are  named  loioer  or  abdominal  intercostal  nerves.  They  have  (with 
the  exception  of  the  last)  the  same  arrangement  as  the  upper  ones  as  far  as  the 
anterior  extremities  of  the  intercostal  spaces,  where  they  pass  behind  the  costal 
cartilages,  and  between  the  Internal  oblique  and  Transversalis  muscles,  to  the 
sheath  of  the  Rectus,  which  they  perforate.  They  supply  the  Rectus  muscle,  and 
terminate  in  branches  which  become  subcutaneous  near  the  linea  alba.  These 
branches  are  named  the  anterior  cutaneous  nerves  of  the  abdomen.  Thev  are 
directed  outward  as  far  as  the  lateral  cutaneous  nerves,  supplying  the  integument 
of  the  front  of  the  belly.  The  lower  intercostal  nerves  supply  the  Intercostals, 
Serratus  posticus  inferior,  and  Abdominal  muscles,  and  about  the  middle  of  their 
course  give  off  lateral  cutaneous  branches,  which  pierce  the  External  intercostal 
and  External  oblique  muscles,  in  the  same  line  as  the  lateral  cutaneous  nerves  of 
the  thorax,  and  divide  into  anterior  and  posterior  branches,  which  are  distributed 
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to  the  integument  of  the  abdomen  and  back,  the  anterior  branches  passing  nearly 
as  far  forward  as  the  margin  of  the  Rectus,  the  posterior  branches  passing 
backward  to  supply  the  skin  over  the  Latissimus  dorsi,  where  they  join  the  dorsal 
cutaneous  nerves. 

The  last  dorsal  is  larger  than  the  other  dorsal  nerves.  Its  anterior  division 
runs  along  the  lower  border  of  the  last  rib  in  front  of  the  Quadratus  lumborum, 
perforates  the  Trans versalis,  and  passes  forward  between  it  and  the  Internal 
obliciue  to  be  distributed  in  the  same  manner  as  the  lower  intercostal  nerves.  It 
communicates  with  the  ilio-hypogastric  branch  of  the  lumbar  plexus,  and  is 
frequently  connected  with  the  first  lumbar  nerve  by  a  slender  branch,  the  dorsi- 
lumbar  nerve^  which  descends  in  the  substance  of  the  Quadratus  lumborum. 

The  lateral  cutaneous  branch  of  the  last  dorsal  is  remarkable  for  its  large  size : 
it  perforates  the  Internal  and  External  oblique  muscles,  passes  downward  over 
the  crest  of  the  ilium  in  front  of  the  iliac  branch  of  the  ilio-hypogastric  (Fig.  470), 
and  is  distributed  to  the  integument  of  the  front  of  the  hip,  some  of  its  filaments 
extending  as  low  down  as  the  trochanter  major.  It  does  not  divide  into  an  anterior 
and  posterior  branch  like  the  other  lateral  cutaneous  branches  of  the  intercostal 
nerves. 

Surgical  Anatomy. — ^The  lower  seven  intercostal  nerves  and  the  ilio-hjrpogastric  from  the 
first  lumbar  nerve  supply  the  skin  of  the  abdominal  wall.  They  run  downward  and  inward 
fairiy  equidistant  from  each  other.  The  sixth  and  seventh  supply  the  skin  over  the  "  pit  of  the 
stomach;"  the  eighth  corresponds  to  about  the  position  of  the  middle  linea  transversa;  the 
tenth  to  the  umbilicus  ;  and  the  ilio-hypogastric  supplies  the  skin  over  the  pubes  and  external 
abdominal  rin^.  There  are  several  points  of  surgical  importance  about  the  distribution  of  these 
nerves,  and  it  is  important  to  remember  their  qngin  and  course,'  for  in  manv  diseases  affecting 
the  nerve-trunks  at  or  near  the  origin  the  pain  is  referred  to  their  peripheral  terminations. 
Thus  in  Pott's  disease  of  the  spine  children  will  often  be  brought  to  the  surgeon  suffering  from 
pain  in  the  belly.  This  is  due  to  the  fact  that  the  nerves  are  irritated  at  the  seat  of  disease  as 
they  issue  from  the  spinal  canal.  When  the  irritation  is  confined  to  a  single  pair  of  nerves,  the 
sensation  complained  of  is  often  a  feeling  of  constriction,  as  if  a  cord  were  tied  round  the  abdo- 
men ;  and  in  these  cases  the  situation  of  the  sense  of  constriction  may  serve  to  localize  the 
disease  in  the  spinal  column.  In  other  cases,  where  the  bone  disease  is  more  extensive  and  two 
or  nwre  nerves  are  involved,  a  more  general  diffused  pain  in  the  abdomen  is  complained  of.  A 
similar  condition  is  sometimes  present  in  affections  of  the  cord  itself,  as  in  tabes  dorsalis. 

Again,  it  must  be  borne  in  mind  that  the  same  nerves  which  supply  the  skin  of  the  abdomen 
supply  also  the  planes  of  muscle  which  constitute  the  greater  pan  oi  the  abdominal  wall.  Hence 
it  follows  that  anv  irritation  applied  to  the  peripheral  terminations  of  the  cutaneous  branches  in 
the  skin  of  the  abdomen  is  immediately  followea  by  reflex  contraction  of  the  abdominal  muscles. 
A  good  practical  illustration  of  this  may  sometimes  be  seen  in  watching  two  surgeons  examine 
the  abdomen  of  the  same  patient.  One,  whose  hand  is  cold,  causes  the  muscles  of  the  abdominal 
wall  to  at  once  contract  ana  the  belly  to  become  rigid,  and  thus  not  nearly  so  suitable  for  examina- 
tion ;  the  other,  who  has  taken  the  precaution  to  warm  his  hand,  examines  the  abdomen  with- 
out exciting  any  reflex  contraction.  The  supply  of  both  muscles  and  skin  from  the  same  source 
is  of  importance  in  protecting  the  abdominal  viscera  from  iniury.  A  blow  on  the  abdomen, 
even  of  a  severe  character,  will  do  no  injury  to  the  viscera  if  the  muscles  are  in  a  condition  of 
firm  contraction ;  whereas  in  cases  where  the  muscles  have  been  taken  unawares,  and  the  blow 
has  been  struck  while  thev  were  in  a  state  of  rest,  an  injury  insufilicient  to  produce  any  lesion  of 
the  abdominal  wall  has  been  attended  with  rupture  of  some  of  the  abdominal  contents.  The 
importance,  therefore,  of  immediate  reflex  contraction  upon  the  receipt  of  an  injury  cannot  be 
overestimated,  and  the  intimate  association  of  the  cutaneous  and  muscular  fibres  in  the  same 
nerve  produces  a  much  more  immediate  response  on  the  part  of  the  muscles  to  any  peripheral 
stimulation  of  the  cutaneous  filaments  than  would  be  the  ease  if  the  two  sets  of  fibres  were  derived 
from  independent  sources. 

Again,  the  nerves  supplying  the  abdominal  muscles  and  skin  derived  from  the  lower  inter- 
costal nerves  are  intimately  connected  with  the  sympathetic  supplying  the  abdominal  viscera 
through  the  lower  thoracic  ganglia  from  which  the  splanchnic  nerves  are  derived.  In  con- 
sequenoe  of  this,  in  laceration  of  the  abdominal  viscera  and  in  acute  peritonitis  the  niuscles  of  the 
belly-wall  l)ecome  firmly  contracted,  and  thus  as  far  as  possible  preserve  the  abdominal  contents 
in  a  condition  of  rest. 

THE  LX7MBAB  NERVES. 

The  Imnbar  nerves  are  five  in  number  on  each  side.  The  first  appears  between 
the  first  and  second  lumbar  vertebrae,  and  the  last  between  the  last  lumbar  and  the 
base  of  the  sacrum. 

The  roots  of  the  lumbar  nerves  are  the  largest,  and  their  filaments  the  most 
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numerous,  of  all  the  spinal  nerves,  and  they  are  closely  aggregated  together  upon 
the  lower  end  of  the  cord.  The  anterior  roots  are  the  smaller,  but  there  is  not 
the  same  disproportion  between  them  and  the  posterior  roots  as  in  the  cervical 
nerves.  The  roots  of  these  nerves  have  a  vertical  direction,  and  are  of  consider- 
able length,  more  especially  the  lower  ones,  since  the  spinal  cord  does  not  extend 
beyond  the  first  lumbar  vertebra.  The  roots  become  joined  in  the  intervertebral 
foramina,  and  the  nerves  so  formed  divide  at  their  exit  into  two  divisions,  pos- 
terior and  anterior. 

Posterior  Divisions  of  the  Lumbar  Nerves. 

The  posterior  divisions  of  the  lumbar  nerves  (Fig.  463)  diminish  in  size  from 
above  downward;  they  pass  backward  between  the  transverse  processes,  and 
divide  into  internal  and  external  branches. 

The  internal  branches^  the  smaller,  pass  inward  close  to  the  articular 
processes  of  the  vertebrae,  and  supply  the  Multifidus  spinae  and  Interspinales 
muscles. 

The  external  branches  supply  the  Erector  spinae  and  Intertransverse  muscles. 
From  the  three  upper  branches  cutaneous  nerves  are  derived  which  pierce  the 
aponeurosis  of  the  Latissimus  dorsi  muscle  and  descend  over  the  back  part  of  the 
crest  of  the  ilium,  to  be  distributed  to  the  integument  of  the  gluteal  region,  some 
of  the  filaments  passing  as  far  as  the  trochanter  major. 

Anterior  Divisions  of  the  Lumbar  Nerves. 

The  anterior  divisions  of  the  lumbar  nerves  increase  in  size  from  above  down- 
ward. At  their  origin  they  communicate  with  the  lumbar  ganglia  of  the 
sympathetic  by  long',  slender  filaments,  which  accompany  the  lumbar  arteries 
round  the  sides  of  the  bodies  of  the  vertebrae,  beneath  the  Psoas  muscle.  The 
nerves  pass  obliquely  outward  behind  the  Psoas  magnus  or  between  its  fasciculi, 
distributing  filaments  to  it  and  the  Quadratus  lumborum.  The  anterior  divisions 
of  the  four  upper  nerves  are  connected  together  in  this  situation  by  anastomotic 
loops,  and  form  the  lumbar  plexus.  The  anterior  division  of  the  fifth  lumbar, 
joined  with  a  branch  from  the  fourth,  descends  across  the  base  of  the 
sacrum  to  join  the  anterior  division  of  the  first  sacral  nerve  and  assist  in  the 
formation  of  the  sacral  plexus.  The  cord  resulting  from  the  union  of  the  fifth 
lumbar  and  the  branch  from  the  fourth  is  called  the  lumbosacral  nerve. 

The  Lumbar  Plexus. 

The  lumbar  plexus  is  formed  by  the  .loops  of  communication  between  the 
anterior  divisions  of  the  four  upper  lumbar  nerves.  The  plexus  is  narrow  above, 
and  often  connected  with  the  last  dorsal  by  a  slender  branch,  the  dorsi-lumbar 
nerve;  it  is  broad  below,  where  it  is  joined  to  the  sacral  plexus  by  the  lumbo- 
sacral cord.  It  is  situated  in  the  substance  of  the  Psoas  muscle  near  its  posterior 
part,  in  front  of  the  transverse  processes  of  the  lumbar  vertebrae. 

The  mode  in  which  the  plexus  is  formed  is  the  following :  The  first  lumbar 
nerve  receives  a  branch  from  the  last  dorsal,  and  gives  oif  a  larger  branch,  which 
subdivides  into  the  ilio-hypogastric  and  ilio-inguinal ;  a  communicating  branch, 
which  passes  down  to  the  second  lumbar  nerve ;  and  a  third  branch,  which  unites 
with  a  branch  of  the  second  lumbar  to  form  the  genito-crural  nerve.  The  second, 
third,  and  fourth  lumbar  nerves  divide  into  an  anterior  and  a  posterior  division. 
The  anterior  division  of  the  second  divides  into  two  branches,  one  of  which  joins 
with  the  above-mentioned  branch  of  the  first  nerve  to  form  the  genito-crural ; 
the  other  unites  with  the  anterior  division  of  the  third  nerve  and  a  part  of  the 
anterior  division  of  the  fourth  nerve  to  form  the  obturator  nerve.  The  remainder 
of  the  anterior  division  of  the  fourth  nerve  passes  down  to  communicate  with  the 
fifth  lumbar  nerve.  The  posterior  divisions  of  the  second  and  third  nerve  divide 
into  two  branches,  a  smaller   branch  from    each  uniting   to  form  the  external 
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cutaDeous  nerve,  and  a  larger  branch  from  each,  which  join  with  the  whole  of  the 
posterior  division  of  the  fourth  lumbar  nerve  to  form  the  anterior  crural.  The 
accessory  obturator,  when  it  exists, 
is  formed  by  a  small  branch  from 
the  third  nerve  joining  with  a  small 
branch  from  the  fourth. 

From  this  arrangement  it  fol- 
lows that  the  ilio-hypogastric  and 
ilio-incuinal  are  derived  entirely 
from  the  first  lumbar  nerve ;  the 
genito-crural  from  the  first  and 
second  nerves ;  the  external  cuta- 
neous from  the  second  and  third; 
the  anterior  crural  and  obturator 
by  fibres  derived  from  the  second, 
third,  and  fourth  ;  and  the  accessory 
obturator,  when  it  exists,  from  the 
third"  and  fourth. 

The  branches  of  the  lumbar 
plexus  are — the 

nio-bypogastric. 

Ilio-inguinal. 

Geni  to-crural. 

External  cutaneous. 

Anterior  crural. 

Obturator. 

Accessory  obturator. 
The  Dio-liypogastiic  Nerve  (su- 
perior  musculo-cutaneous)  arises 
from  the  first  lumbar  nerve.  It 
emerges  from  the  outer  border  of 
tlie  Psoas  muscle  at  its  upper  part, 
and  crosses  obliquely  in  front  of  the  Quadratus  lumborum  to  the  crest  of  the 
ilium.  It  then  perforates  the  Transversalis  muscle  at  its  posterior  part,  near  the 
crest  of  the  ilium,  and  divides  between  it  and  the  Internal  oblique  into  two 
branches,  iliac  and  hypogastric. 

The  iliac  branch  pierces  the  Internal  and  External  oblique  muscles  imme- 
diately above  the  crest  of  the  ilium,  and  is  distributed  to  the  integument  of  the 
gluteal  region,  behind  the  lateral  cutaneous  branch  of  the  last  dorsal  nerve  {Fig. 
470).  The  size  of  this  nerve  bears  an  inverse  proportion  to  that  of  the  cutaneous 
branch  of  the  last  dorsal  nerve. 

The  hypogastric  branch  (Fig.  466)  continues  onward  between  the  Internal 
oblique  and  Transversalis  muscles.  It  then  pierces  the  Internal  oblique,  and 
near  the  middle  line  perforates  the  aponeurosis  of  the  External  oblique,  about  an 
inch  above  and  a  little  to  the  outer  side  of  the  external  abdominal  ring,  and  is 
distributed  to  the  integument  of  the  hypogastric  region. 

The  ilio-hypogastric  nerve  communicates  with  the  last  dorsal  and  ilio-inguinal 
Den-es. 

The  nio-inroinal  Nerre  {inferior  mngculo-cutaneoiis),  smaller  than  the  pre- 
ceding, arises  with  it  from  the  first  lumbar  nerve.  It  emerges  from  the  outer 
border  of  the  Psoas  just  below  the  ilio-hypogastric,  and,  passing  obliquely  across 
the  Quadratus  lumborum  and  Iliacus  muscles,  perforates  the  Transversalis  near 
the  fore  part  of  the  crest  of  the  ilium,  and  communicates  with  the  ilio-hypogastric 
nerve  between  that  muscle  and  the  Internal  oblique.  The  nerve  then  pierces  the 
Internal  oblique,  distributing  filaments  to  it ;  and,  accompanying  the  spermatic 
cord  through  the  inguinal  canal,  it  escapes  at  the  external  abdominal  ring,  and  is 
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distributed  to  the  integument  of  the  upper  and  inner  part  of  the  thigh,  and  to  the 
scrotum  in  the  male  and  to  the  labium  in  the  female.  The  size  of  this  nerve  is  in 
inverse  proportion  to  that  of  the  ilio- hypogastric.  Occasionally  it  is  very  small, 
and  ends  by  joining  the  ilio-hypogastric;  in  such  cases  a  branch  from  the  ilio- 
hypogastric takes  the  place  of  the  ilio-inguinal,  or  the  latter  nerve  may  be  alto- 
gether absent. 

The  Q«iiito-cniral  Nerve  arises  from  the  first  and  second  lumbar  nerves.  It 
passes  obliquely  through  the  substance  of  the  Psoas,  descends  on  its  surface  for 
some  distance,  and  divides  into  a  genital  and  crural  branch. 

The  genital  branch  passes  outward  on  the  Psoas  magnus,  and  it  then  pierces 
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the  fascia  transversalis  or  passes  through  the  internal  abdominal  ring,  descends 
along  the  back  part  of  the  sjiermatic  cord  to  the  scrotum,  and  supplies,  in  the 
male,  the  Cremaster  muscle.  In  the  female  it  accompanies  the  round  ligament, 
and  is  lost  upon  it. 

The  crural  hranck  descends  on  the  external  iliac  artery,  sending  a  few  fila- 
ments round  it,  and,  passing  beneath  Poupart's  ligament  into  the  thigh,  enters  the 
sheath  of  the  femoral  vessel.",  lying  superficial  and  a  little  external  to  the  femoral 
artery.  It  pierces  the  anterior  layer  of  tho  sheath  of  the  vessels,  and,  becoming 
superficial  by  passing  through  the  fascia  lata,  it  supplies  the  skin  of  the  anterior 
RHfioct  of  the  thigh  as  far  as  midway  between  the  pelvis  and  knee.  On  the  front 
of  the  thigh  it  communicates  with  the  outer  branch  of  the  middle  cutaneous 
nerve,  derived  from  the  anterior  crural. 
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FlO.  46".— Nerves  of  the  lower  extremity.    From  View. 


A  few  filaneats  from  this  nerve  may  be  traced  on  to  the  fepioral  artery;  they 
are  derived  from  the  nerve  as  it  passes  beneath  Poupart's  ligament. 
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The  External  Ontaneous  Nerve  arises  from  the  second  and  third  lumbar  nerves. 
It  emerges  from  the  outer  border  of  the  Psoas  muscle  about  its  middle,  and 
crosses  the  Iliacus  muscle  obliquely,  to  the  notch  immediately  beneath  the  ante- 
rior superior  spine  of  the  ilium,  where  it  passes  under  Poupart's  ligament  into 
the  thigh,  and  divides  into  two  branches,  anterior  and  posterior. 

The  anterior  branch  descends  in  an  aponeurotic  canal  formed  in  the  fascia 
lata,  becomes  superficial  about  four  inches  below  Poupart's  ligament,  and  divides 
into  branches  which  are  distributed  to  the  integument  along  the  anterior  and 
outer  part  of  the  thigh,  as  far  down  as  the  knee.  This  nerve  occasionally  com- 
municates with  a  branch  of  the  long  saphenous  nerve  in  front  of  the  knee- 
joint. 

The  posterior  branch  pierces  the  fascia  lata,  and  subdivides  into  branches  which 
pass  backward  across  the  outer  and  posterior  surface  of  the  thigh,  supplying  the 
integument  from  the  crest  of  the  ilium  as  far  as  the  middle  of  the  thigh. 

The  Obturator  Nerve  supplies  the  obturator  externus  and  Adductor  muscles  of 
the  thigh,  the  articulations  of  the  hip  and  knee,  and  occasionally  the  integument 
of  the  thigh  and  leg.  It  arises  by  three  branches — from  the  third,  the  fourth,  and 
the  fifth  lumbar  nerves.  It  descends  through  the  inner  fibres  of  the  Psoas  muscle, 
and  emerges  from  its  inner  border  near  the  brim  of  the  pelvis ;  it  then  runs  along 
the  lateral  wall  of  the  pelvis,  above  the  obturator  vessels,  to  the  upper  part  of  the 
obturator  foramen,  where  it  enters  the  thigh,  and  divides  into  an  anterior  and  a 
posterior  branch,  separated  by  some  of  the  fibres  of  the  Obturator  externus,  and 
lower  down  by  the  Adductor  brevis  muscle. 

The  anterior  branch  (Fig.  467)  passes  down  in  front  of  the  Adductor  brevis, 
being  covered  by  the  Pectineus  and  Adductor  longus,  and  at  the  lower  border  of 
the  latter  muscle  communicates  with  the  internal  cutaneous  and  internal  saphenous 
nerves,  forming  a  kind  of  plexus.  It  then  descends  upon  the  femoral  artery,  upon 
which  it  is  finally  distributed.  The  nerve,  near  the  obturator  foramen,  gives  off  an 
articular  branch  to  the  hip-joint.  Behind  the  Pectineus  it  distributes  muscular 
branches  to  the  Adductor  longus  and  Gracilis,  and  occasionally  to  the  Adductor 
brevis  and  Pectineus,  and  receives  a  communicating  branch  from  the  accessory 
obturator  nerve. 

Occasionally  the  communicating  branch  to  the  internal  cutaneous  and  internal 
saphenous  nerves  is  continued  down,  as  a  cutaneous  branch,  to  the  thigh  and  leg. 
When  this  is  so,  this  occasional  cutaneous  branch  emerges  from  beneath  the  lower 
border  of  the  Adductor  longus,  descends  along  the  posterior  margin  of  the  Sartorius 
to  the  inner  side  of  the  knee,  where  it  pierces  the  deep  fascia,  communicates  with 
the  long  saphenous  nerve,  and  is  distributed  to  the  integument  of  the  inner  side 
of  the  leg  as  low  down  as  its  middle.  When  this  communicating  branch  is  small, 
its  place  is  supplied  by  the  internal  cutaneous  nerve. 

The  posterior  branch  of  the  obturator  nerve  pierces  the  Obturator  externus, 
sending  branches  to  supply  it,  and  passes  behind  the  Adductor  brevis  on  the  front 
of  the  Adductor  magnus,  where  it  divides  into  numerous  muscular  branches,  which 
supply  the  Adductor  magnus,  and  occasionally  the  Adductor  brevis.  One  of  the 
branches  gives  off  a  filament  to  the  knee-joint. 

The  articular  branch  for  the  knee-joint  perforates  the  lower  part  of  the  Adductor 
magnus  and  enters  the  popliteal  space ;  it  then  descends  upon  the  popliteal  artery 
as  far  as  the  back  part  of  the  knee-joint,  where  it  perforates  the  posterior  ligament, 
and  is  distributed  to  the  synovial  membrane.  It  gives  filaments  to  the  artery  in 
its  course. 

The  Accessory  Obturator  Nerve  (Fig.  465)  is  not  constantly  present.  It  is  of 
small  size,  and  arises  by  separate  filaments  from  the  third  and  fourth  lumbar  nerves. 
It  descends  along  the  inner  border  of  the  Psoas  muscle,  crosses  the  horizontal 
ramus  of  the  os  pubis,  and  passes  under  the  outer  border  of  the  Pectineus  muscle, 
where  it  divides  into  numerous  branches.  One  of  these  supplies  the  Pectineus, 
penetrating  its  under  surface ;  another  is  distributed  to  the  hip-joint ;  while  a  third 
communicates  with  the  anterior  branch  of  the  obturator  nerve.    When  this  nerve 
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is  absent  the  hip-joint  receives  two  branches  from  the  obturator  nerve.    Occasion- 
ally it  is  very  small,  and  becomes  lost  in  the  capsule  of  the  hip-joint. 

*  The  Anterior  Crural  Nerve  (Figs.  465,  467)  is  the  largest  branch  of  the  lumbar 
plexus.  It  supplies  muscular  branches  to  the  Iliacus,  Pectineus,  and  all  the 
muscles  on  the  front  of  the  thigh,  excepting  the  Tensor  vaginae  femoris ;  cutaneous 
filaments  to  the  front  and  inner  side  of  the  thigh  and  to  the  leg  and  foot ;  and 
articular  branches  to  the  hip  and  knee.  It  arises  from  the  second,  third,  and 
fourth  lumbar  nerves.  It  descends  through  the  fibres  of  the  Psoas  muscle, 
emerging  from  it  at  the  lower  part  of  its  outer  border,  and  passes  down  between 
it  and  the  Iliacus,  and  beneath  Poupart*s  ligament,  into  the  thigh,  where  it  becomes 
somewhat  flattened,  and  divides  into  an  anterior  part  which  passes  superficial  to 
the  external  circumflex  vessels,  and  a  posterior  part  which  passes  beneath  these 
vessels.  Under  Poupart's  ligament  it  is  separated  from  the  femoral  artery  by  the 
Psoas  muscle,  and  lies  beneath  the  iliac  fascia. 

Within  the  pelvis  the  anterior  crural  nerve  gives  off  from  its  outer  side  some 
small  branches  to  the  Iliacus,  and  a  branch  to  the  femoral  artery  which  is  distrib- 
uted upon  the  upper  part  of  that   vessel.     The  origin  of  this  branch  varies :  it 
occasionally  arises  higher  than  usual,  or  it  may  arise  lower  down  in  the  thigh. 
External  to  the  pelvis  the  following  branches  are  given  oflf : 


From  the  Anterior  Division, 

Middle  cutaneous. 
Internal  cutaneous. 


From  the  Posterior  Division. 

Long  saphenous. 

Muscular. 

Articular. 


The  middle  cutaneous  nerve  (Fig.  466)  pierces  the  fascia  lata  (generally  the 
Sartorius  also)  about  three  inches  below  Poupart's  ligament,  and  divides  into  two 
branches,  which  descend  in  immediate  proximity  along  the  fore  part  of  the  thigh, 
distributing  numerous  branches  to  the  integument  as  low  as  the  front  of  the 
knee,  where  it  communicates  with  the  nervus  cutaneus  patellce,  a  branch  of  the 
internal  saphenous  nerve,  helping  to  form  the  patellar  plexus.  Its  outer  branch 
communicates,  above,  with  the  crural  branch  of  the  genito-crural  nerve,  and  the 
inner  branch  with  the  internal  cutaneous  nerve  below.  The  Sartorius  muscle  is 
supplied  by  this  or  the  following  nerve. 

The  internal  ctitaneovs  nerve  passes  obliquely  across  the  upper  part  of  the 
sheath  of  the  femoral  arterv,  and  divides  in  front  or  at  the  inner  side  of  that  vessel 
into  two  branches,  anterior  and  posterior  or  internal. 

The  anterior  branch  runs  downward  on  the  Sartorius,  perforates  the  fascia  lata 
at  the  lower  third  of  the  thigh,  and  divides  into  two  branches,  one  of  which 
supplies  the  integument  as  low  down  as  the  inner  side  of  the  knee ;  the  other 
crosses  to  the  outer  side  of  the  patella,  communicating  in  its  course  with  the 
nervus  cutaneus  patellae,  a  branch  of  the  internal  saphenous  nerve. 

The  posterior  or  internal  branch  descends  along  the  inner  border  of  the 
Sartorius  muscle  to  the  knee,  where  it  pierces  the  fascia  lata,  communicates  with 
the  long  saphenous  nerve,  and  gives  off  several  cutaneous  branches.  The  nerve 
then  passes  down  the  inner  side  of  the  leg,  to  the  integument  of  which  it  is 
distributed.  This  nerve,  beneath  the  fascia  lata,  at  the  lower  border  of  the 
Adductor  longus,  joins  in  a  plexiform  network  by  uniting  with  branches  of  the 
long  saphenous  and  obturator  nerves  (Fig.  467).  W  hen  the  communicating  branch 
from  the  obturator  nerve  is  large  and  continued  to  the  integument  of  the  leg,  the 
inner  branch  of  the  internal  cutaneous  is  small  and  terminates  at  the  plexus, 
occasionally  giving  off  a  few  cutaneous  filaments. 

The  internal  cutaneous  nerve,  before  dividing,  gives  off  a  few  filaments,  which 
pierce  the  fascia  lata,  to  supply  the  integument  of  the  inner  side  of  the  thigh, 
accompanying  the  long  saphenous  vein.  One  of  these  filaments  passes  through 
the  saphenous  opening ;  a  second  becomes  subcutaneous  about  the  middle  of  the 
thigh ;  and  a  third  pierces  the  fascia  at  its  lower  third. 

52 
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The  long  or  internal  saphenous  nerve  is  the  largest  of  the  cutaneous  branches 
of  the  anterior  crural.  It  approaches  the  femoral  artery  where  this  vessel  pas^ses 
beneath  the  Sartorius,  and  lies  on  its  outer  side,  beneath  the  aponeurotic  cover- 
ing of  Hunter's  canal,  as  far  as  the  opening  in  the  lower  part  of  the  Adductor 
magnus.  It  then  quits  the  artery,  and  descends  vertically  along  the  inner  side 
of  the  knee,  beneath  the  Sartorius,  pierces  the  fascia  lata,  opposite  the  interval 
between  the  tendons  of  the  Sartorius  and  Gracilis,  and  becomes  subcutaneous. 
The  nerve  then  passes  along  the  inner  side  of  the  leg,  accompanied  by  the  internal 
saphenous  vein,  descends  behind  the  internal  border  of  the  tibia,  and,  at  the  lower 
third  of  the  leg,  divides  into  two  branches :  one  continues  its  course  along  the 
margin  of  the  tibia,  terminating  at  the  inner  ankle ;  the  other  passes  in  front 
of  the  ankle,  and  is  distributed  to  the  integument  along  the  inner  side  of  the  foot, 
as  far  as  the  great  toe,  communicating  with  the  internal  branch  of  the  musculo- 
cutaneous nerve. 

Branches, — The  long  saphenous  nerve  about  the  middle  of  the  thigh  gives  off 
a  communicating  branch  which  joins  the  plexus  formed  by  the  obturator  and 
internal  cutaneous  nerves. 

At  the  inner  side  of  the  knee  it  gives  off  a  large  branch  {nervus  cutantia 
patelJce)  which  pierces  the  Sartorius  and  fascia  lata,  and  is  distributed  to  the 
integument  in  front  of  the  patella.  This  nerve  communicates  above  the  knee 
with  the  anterior  branch  of  the  internal  cutaneous  and  with  the  middle  cutaneous ; 
below  the  knee,  with  other  branches  of  the  long  saphenous ;  and  on  the  outer  side 
of  the  joint,  with  branches  of  the  external  cutaneous  nerve,  forming  a  plexiform 
network,  the  plexus  patellce.  The  cutaneous  nefve  of  the  patella  is  occasionally 
small,  and  terminates  by  joining  the  internal  cutaneous,  which  supplies  its  place 
in  front  of  the  knee. 

Below  the  knee  the  branches  of  the  long  saphenous  nerve  are  distributed  to  the 
integument  of  the  front  and  inner  side  of  the  leg,  communicating  with  the  cutaneous 
branches  from  the  internal  cutaneous  or  from  the  obturator  nerve. 

The  muscular  branches  supply  the  Pectineus  and  all  the  muscles  on  the  front 
of  the  thigh,  except  the  Tensor  vaginae  femoris,  which  is  supplied  from  the  superior 
gluteal  nerve,  and  the  Sartorius,  which  is  supplied  by  filaments  from  the  middle  or 
internal  cutaneous  nerves. 

The  branches  to  the  Pectineus^  usually  two  in  number,  pass  inward  behind 
the  femoral  vessels,  and  enter  the  muscle  on  its  anterior  surface.  Sometimes  one 
of  these  nerves  is  given  off  in  the  pelvis,  and  is  then  often  united  with  the  accessory 
obturator. 

The  branch  to  the  Rectus  muscle  enters  its  under  surface  high  up,  sending  off 
a  small  filament  to  the  hip-joint. 

The  branch  to  the  Vastus  externus^  of  large  size,  follows  the  course  of  the 
descending  branch  of  the  external  circumflex  artery  to  the  lower  part  of  the  muscle. 
It  gives  off  an  articular  filament  to  the  knee-joint. 

The  branch  to  the  Vastus  internus  is  a  long  branch  which  runs  down  on  the 
outer  side  of  the  femoral  vessels  in  company  with  the  internal  saphenous  nerve  for 
its  upper  part.  It  enters  the  muscle  about  its  middle,  and  gives  off  a  filament 
which  can  usually  be  traced  downward  on  the  surface  of  the  muscle  to  the  knee- 
joint. 

The  branch  to  the  Crureus  enters  the  muscle  on  its  anterior  surface  about 
the  middle  of  the  thigh,  and  sends  a  filament  through  the  muscle  to  the  Sub- 
crureus. 

The  articular  branch  to  the  hip-joint  is  derived  from  the  nerve  to  the 
Rectus. 

The  articular  branches  to  the  knee-joint  are  two  in  number.  One,  a  long, 
slender  filament,  is  derived  from  the  nerve  to  the  Vastus  externus.  It  penetrates 
the  capsular  ligament  of  the  joint  on  its  anterior  aspect.  The  other  is  derived 
from  the  nerve  to  the  Vastus  internus.  It  can  usually  be  traced  downward  on 
the  surface  of  this  muscle  to  near  the  joint ;  it  then  penetrates  the  muscular  fibres, 
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and  accompanies  the  deep  branch  of  the  anastomotica  magna  artery,  pierces 
the  capsular  ligament  of  the  joint  on  its  inner  side,  and  supplies  the  synovial 
membrane. 

THE  SAOBAL  AND    COOOTaEAL  NEBTES. 

The  saeral  nerves  are  five  in  number  on  each  side.  The  four  upper  ones  pass 
from  the  sacral  canal  through  the  sacral  foramina;  the  fifth  through  the  foramen 
between  the  sacrum  and  coccyx. 

The  rootg  of  origin  of  t/te  upper  sacral  {and  lumbar')  nerves  are  the  largest  of 
all  the  spinal  nerves,  whilst  those  of  the  lowest  sacral  and  coccygeal  nerve  are 
the  smallest. 

The  roots  of  these  nerves  are  of  very  considerable  length,  being  longer  than 
those  of  any  of  the  other  spinal  nerves,  on  account  of  the  spinal  cord  not  extending 
beyond  the  first  lumbar  vertebra.  From  their  great  length  and  the  appearance 
they  present  in  connection  with  the  spinal  cord  the  roots  of  origin  of  these  nerves 
are  called  collectively  the  cauda  equina.  Each  sacral  and  coccygeal  nerve  divides 
into  two  divisions,  posterior  and  anterior. 

The  posterior  divisions  of  Ulo  ^cral  norve  (Fig.  46S)  are  small,  diminish  in 


Fio.  468.— The  posterior  saeral  nerVH, 

size  from  above  downward,  and  emerge,  except  the  last,  from  the  sacral  canal 
by  the  posterior  sacral  foramina. 

The  three  upper  one»  are  covered,  at  their  exit  from  the  sacral  canal,  by  the 
Multifidus  spinse.  and  divide  into  internal  and  external  branches. 

The  internal  hranehe*   are  small,  and  supply  the  Multifidus  spinse. 

The  external  /tranches  join  with  one  another  and  with  the  last  lumbar  and 
fourth  sacral  nerves  by  means  of  communicating  loops.  These  branches  pass  out- 
ward to  the  outer  surface  of  the  great  sacro-sciatic  ligament,  where  they  form  a 
second  series  of  loops  beneath  the  Gluteus  maximus.  Cutaneous  branches  from 
this  second  series  of  loops,  usually  three  in  number,  pierce  the  Gluteus  maximus : 


820  THE  NERVOUS  SYSTEM. 

one  Dear  the  posterior  inferior  spine  of  the  ilium ;  another  opposite  the  eod  of  the 
Bacrum;  and  the  third  midway  between  the  other  two.  They  supply  the  integu- 
ment over  the  posterior  part  of  the  gluteal  region. 

The  posterior  divisions  of  the  two  lotver  sacral  nerves  are  situated  below  the 
Multilidiis  spinse.  They  are  of  small  size,  and  do  not  divide  into  inlernal  and 
external  branches,  but  join  with  each  other,  and  with  the  coccygeal  nerve,  so  aa 
to  form  loops  on  the  back  of  the  sacrum,  filaments  from  which  supply  the  Extensor 
coccygis  and  the  integument  over  the  coccyx. 

Thecoccygeal  serve  divides  into  its  anterior  and  posterior  divisions  in  the  spinal 
canal.  The  posterior  division  is  the  smaller.  It  does  not  divide,  hut  receives,  a^ 
already  mentioned,  a  communicating  branch  from  the  last  sacral,  and  is  lost  in  the 
fibrous  structure  on  the  back  of  the  coccyx. 

The  anterior  dinsions  of  the  sacral  nerves  diminish  in  size  from  above  down- 


Fio.  469.— Side  view  of  pelvis,  showing  sacral  nerves. 

ward.  The  four  upper  ones  emerge  from  the  anterior  nacral  foramina:  the  ante- 
rior division  of  the  fifth,  after  emerging  from  the  spinal  canal  through  its  termi- 
nal opening,  curves  forward  between  the  sacrum  and  the  coccyx.  All  the  anterior 
-sacral  nerves  communicate  with  the  sacral  ganglia  of  the  sympathetic  at  their 
exit  from  the  sacral  foramina.  The ^r#(  nerve,  of  large  size,  unites  with  the 
lumbo-sacral  cord,  formed  by  the  fifth  lumbar,  and  a  branch  from  the  fourth.  The 
dcvoHrf.  equal  in  size  to  the  preceding,  and  the  Mi'ri?,  about  one-fourth  the  size  of 
the  second,  unite  with  this  trunk,  and  form,  with  a  small  fasciculus  from  the 
fourth,  the  sacral  plerus,  a  visceral  branch  being  given  oif  from  the  third  nerve  to 
the  bladder. 

The  fourth  anterior  sacral  nerve  send.s  a  branch  to  join  the  sacral  plexus.  The 
remaining  portion  of  the  nerve  divides  into  visceral  and  muscular  branches,  and 
a  communicating  filament  descends  to  join  the  fifth  sacral  nerve.  The  vinceral 
branches  are  distributed  to  the  viscera  of  the   pelvis,  communicating  with   the 
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sympathetic  nerve.  These  branches  ascend  upon  the  rectum  and  bladder,  and 
in  the  female  upon  the  vagina,  communicating  with  branches  of  the  sympathetic 
from  the  pelvic  plexus.  The  muscular  branches  are  distributed  to  the  Levator 
ani,  Coccygeus,  and  Sphincter  ani.  The  branch  to  the  Sphincter  ani  pierces  the 
Levator  ani,  so  as  to  reach  the  ischio-rectal  fossa,  where  it  is  found  lying  in  front 
of  the  coccyx.  Cutaneous  filaments  arise  from  the  latter  branch,  which  supply 
the  integument  between  the  anus  and  coccyx.  Another  cutaneous  branch  is  fre- 
quently given  off  from  this  nerve,  though  sometimes  from  the  pudic  (Schwalbe). 
It  perforates  the  great  sacro-sciatic  ligament,  and,  winding  round  the  lower  bor- 
der of  the  Gluteus  maximus,  supplies  the  skin  over  the  lower  and  inner  part  of 
this  muscle. 

The  fifth  anterior  sacral  nerve,  after  passing  from  the  lower  end  of  the  sacral 
canal,  curves  forward  through  the  fifth  sacral  foramen,  formed  between  the  lower 
part  of  the  sacrum  and  the  transverse  process  of  the  first  piece  of  the  coccyx.  It 
pierces  the  Coccygeus  muscle,  and  descends  upon  its  anterior  surface  to  near  the 
tip  of  the  coccyx,  where  it  again  perforates  the  muscle,  to  be  distributed  to  the 
integument  over  the  back  part  and  side  of  the  coccyx.  This  nerve  communicates 
above  with  the  fourth  sacral  and  below  with  the  coccygeal  nerve,  and  supplies  the 
Coccygeus  muscle. 

The  anterior  division  of  the  coccygeal  nerve  is  a  delicate  filament  which  escapes 
at  the  termination  of  the  sacral  canal ;  it  passes  downward  behind  the  rudiment- 
ary transverse  process  of  the  first  piece  of  the  coccyx,  and  curves  forward  through 
the  notch  between  the  first  and  second  pieces,  piercing  the  Coccygeus  muscle,  and 
descending  on  its  anterior  surface  to  near  the  tip  of  the  coccyx,  where  it  again 
pierces  the  muscle,  to  be  distributed  to  the  integument  over  the  back  part  and  side 
of  the  coccyx.  It  is  joined  by  a  branch  from  the  fifth  anterior  sacral  as  it 
descends  on  the  surface  of  the  Coccygeus  muscle. 

The  Sacral  Plexus  (Fig.  469). 

The  sacral  plexus  is  formed  by  the  lumbo-sacral  cord,  the  anterior  divisions  of 
the  three  upper  sacral  nerves,  and  part  of  that  of  the  fourth.  These  nerves  proceed 
in  different  directions;  the  upper  ones  obliquely  downward  and  outward,  the 
lower  one  nearly  horizontally,  and  they  all  unite  into  a  single,  broad,  flat  cord. 
The  sacral  plexus  is  triangular  in  form,  its  base  corresponding  with  the  exit  of 
the  nerves  from  the  sacrum,  its  apex  with  the  lower  part  of  the  great  sacro- 
sciatic  foramen.  It  rests  upon  the  anterior  surface  of  the  Pyriformis,  and  is 
covered  in  front  by  the  pelvic  fascia,  which  separates  it  from  the  sciatic  and  pudic 
branches  of  the  internal  iliac  artery  and  from  the  viscera  of  the  pelvis. 

The  branches  of  the  sacral  plexus  are — 

Muscular.  Pudic. 

Superior  gluteal.  Small  sciatic. 

Inferior  gluteal.  Great  sciatic. 

The  muscular  branches  supply  the  Pyriformis,  Obturator  internus,  the  two 
Gemelli,  and  the  Quadratus  iemoris.  The  branch  to  the  Pyriformis  arises 
either  from  the  plexus  or  from  the  upper  sacral  nerves  before  they  enter  the 
plexus;  the  branch  to  the  Obturator  internus  arises  at  the  junction  of  the  lumbo- 
sacral and  first  sacral  nerves :  it  passes  out  of  the  pelvis  through  the  great  sacro- 
sciatic  foramen,  crosses  the  spine  of  the  ischium,  and  re-enters  the  pelvis  through 
the  lesser  sacro-sciatic  foramen  to  the  inner  surface  of  the  Obturator  internus ; 
the  branch  to  the  Gemellus  superior  arises  in  common  with  the  nerve  to  the  Obtu- 
rator internus :  it  enters  the  muscle  at  the  upper  part  of  its  posterior  surface ;  the 
small  branch  to  the  Gemellus  inferior  and  Quadratus  femoris  also  arises  from  the 
upper  part  of  the  plexus :  it  passes  through  the  great  sacro-sciatic  foramen,  and 
courses  down  beneath  the  Gemelli  and  tendon  of  the  Obturator  internus,  and  sup- 
plies the  muscles  on  their  deep  or  anterior  surface.     It  gives  off  an  articular 
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branch  to  the  hip-joint.  This  articular  branch  is  occasionally  derived  from  the 
upper  part  of  the  great  sciatic  nerve. 

The  Superior  Gluteal  Nerve  (Fig.  471)  arises  from  the  back  part  of  the  lumbo- 
sacral cord,  with  some  filaments  from  the  first  sacral  nerve :  it  passes  from  the 
pelvis  through  the  great  sacro-sciatic  foramen  above  the  Pyriformis  muscle, 
accompanied  by  the  gluteal  vessels,  and  divides  into  a  superior  and  an  inferior 
branch. 

The  superior  branch  follows  the  line  of  origin  of  the  Gluteus  minimus,  and 
supplies  the  Gluteus  medius. 

The  inferior  branch  crosses  obliquely  between  the  Gluteus  minimus  and 
medius,  distributing  filaments  to  both  these  muscles,  and  terminates  in  the  Tensor 
vaginae  femoris,  extending  nearly  to  its  lower  end. 

The  Inferior  Gluteal  arises  from  the  lumbo-sacral  cord  and  first  and  second 
sacral  nerves,  and  is  intimately  connected  with  the  small  sciatic  at  its  origin.  It 
passes  out  of  the  pelvis  through  the  great  sciatic  notch,  beneath  the  Pyriformis 
muscle,  and,  dividing  into  a  number  of  branches,  enters  the  Gluteus  maximus 
muscle  on  its  under  surface.  It  gives  oflF  a  cutaneous  branch,  which  winds  round 
the  lower  border  of  the  Gluteus  maximus  muscle  to  supply  the  skin  of  the  buttock. 
It  is  said  also  to  give  an  articular  branch  to  the  hip-joint. 

The  Pudic  Nerve  arises  from  the  lower  part  of  the  sacral  plexus,  and  leaves 
the  pelvis,  through  the  great  sacro-sciatic  foramen,  below  the  Pyriformis.  It  then 
crosses  the  spine  of  the  ischium,  and  re-enters  the  pelvis  through  the  lesser  sacro- 
sciatic  foramen.  It  accompanies  the  pudic  vessels  upward  and  forward  along  the 
outer  wall  of  the  ischio-rectal  fossa,  being  contained  in  a  sheath  of  the  Obturator 
fascia,  and  divides  into  two  terminal  branches,  the  perineal  nerve  and  the  dorsal 
nerve  of  the  penis.     Before  its  division  it  gives  off  the  inferior  haemorrhoidal  nerve. 

The  inferior  hcpmorrhoidal  nerve  is  occasionally  derived  separately  from  the 
sacral  plexus.  It  passes  across  the  ischio-rectal  fossa,  with  its  accompanying  ves- 
sels, toward  the  lower  end  of  the  rectum,  and  is  distributed  to  the  integument 
round  the  anus.  Branches  of  this  nerve  communicate  with  the  inferior  pudendal 
and  superficial  perineal  nerves  at  the  fore  part  of  the  peringeum. 

The  perineal  nerve,  the  inferior  and  larger  of  the  two  terminal  branches  of  the 
pudic,  is  situated  below  the  pudic  artery.  It  accompanies  the  superficial  perineal 
artery  in  the  perinaeum,  dividing  into  cutaneous  and  muscular  branches. 

The  cutaneous  branches  (superficial  perineal)  are  two  in  number,  posterior 
and  anterior.  The  posterior  or  external  branch  passes  forward  along  the  outer 
side  of  the  perineal  space  parallel  to  the  inferior  pudendal  nerve,  and  is  distrib- 
uted to  the  skin  of  the  scrotum.  It  communicates  with  the  inferior  haemorrhoid- 
al,  the  inferior  pudendal,  and  the  other  superficial  perineal  nerve.  The  anterior 
or  internal  branch  passes  forward  nearer  to  the  middle  line,  to  be  distributed  to 
the  inner  and  back  part  of  the  scrotum.  Both  these  nerves  supply  the  labia 
majora  in  the  female. 

The  muscular  branches  are  distributed  to  the  Transversus  perinaei.  Accelerator 
urinae.  Erector  penis,  and  Compressor  urethrae.  A  distinct  branch  is  given  off 
from  the  nerve  to  the  Accelerator  urinae,  which  pierces  this  muscle  and  supplies 
the  corpus  spongiosum,  ending  in  the  mucous  membrane  of  the  urethra.  This  is 
the  nerve  to  the  bulb. 

The  dorsal  nerve  of  the  penis  is  the  deepest  division  of  the  pudic  nerve ;  it 
accompanies  the  pudic  artery  along  the  ramus  of  the  ischium :  piercing  the  pos- 
terior layer  of  the  deep  perineal  fascia,  it  runs  forward  along  the  inner  margin 
of  the  ramus  of  the  os  pubis,  between  the  two  layers  of  the  deep  fascia.  It  then 
pierces  the  anterior  layer,  and,  in  company  with  the  dorsal  artery  of  the  penis, 
passes  through  the  suspensory  ligament,  and,  running  forward,  is  distributed  to 
the  glans.  On  the  penis  this  nerve  gives  off  a  cutaneous  branch  which  runs 
along  the  side  of  the  organ ;  it  is  joined  with  branches  of  the  sympathetic,  and 
supplies  the  integument  of  the  upper  surface  and  sides  of  the  penis  and  prepuce, 
giving  a  large  branch  to  the  corpus  cavernosum. 
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In  the  female  the  dorsal  nerve  is  very  small  and  supplies  the  clitoris. 

The  Small  Sciatic  Nerve  (Fig.  471)  supplies  the  integument  of  the  perinseum 
and  back  part  of  the  thigh  and  leg.  It  is  usually  formed  by  the  union  of  two 
branches,  which  arise  from  the  second  and  third  nerves  of  the  sacral  plexus.  It 
issues  from  the  pelvis  through  the  great  sacro-sciatic  foramen  below  the  Pyri- 
formis  muscle,  descends  beneath  the  Gluteus  maximus  with  the  sciatic  artery,  and 
at  the  lower  border  of  that  muscle  passes  along  the  back  part  of  the  thigh, 
beneath  the  fascia  lata,  to  the  lower  part  of  the  popliteal  region,  where  it  pierces 
the  fascia  and  becomes  cutaneous.  It  then  accompanies  the  external  saphenous 
vein  to  about  the  middle  of  the  leg,  its  terminal  filaments  communicating  with 
the  external  saphenous  nerve. 

The  branches  of  the  small  sciatic  nerve  are  all  cutaneous,  and  consist  of  four 
groups — internal,  external,  ascending,  and  descending. 

The  internal  cutaneoV'S  branches  are  distributed  to  the  skin  at  the  upper  and 
inner  side  of  the  thigh,  on  its  posterior  aspect.  One  branch,  longer  than  the 
rest,  the  inferior  ptidendal^  curves  forward  below  the  tuber  ischii,  pierces  the 
fascia  lata,  and  passes  forward  beneath  the  superficial  fascia  of  the  perinseum  to 
be  distributed  to  the  integument  of  the  scrotum  in  the  male  and  the  labium  in 
the  female,  communicating  with  the  superficial  perineal  and  inferior  hemorrhoidal 
nerves. 

The  external  cutaneous  branches  consist  of  two  or  three  filaments,  which  are 
distributed  to  the  skin  at  the  upper  and  outer  side  of  the  thigh  on  its  posterior 
aspect,  as  far  down  as  the  middle  of  that  region. 

The  ascending  cutaneous  branches  consist  of  two  or  three  filaments,  which  turn 
upward  round  the  lower  border  of  the  gluteus  maximus,  to  supply  the  integument 
covering  its  surface. 

The  descending  cutaneous  branches  are  given  off  from  the  lesser  sciatic  nerve 
as  it  descends  beneath  the  fascia  of  the  thigh  ;  they  supply  the  integument  of  the 
back  part  of  the  thigh,  popliteal  region,  and  upper  part"  of  the  leg. 

The  Great  Sciatic  Nenre  (Fig.  471)  supplies  nearly  the  whole  of  the  integu- 
ment of  the  leg,  the  muscles  of  the  back  of  the  thigh,  and  those  of  the  leg  and 
foot.  It  is  the  largest  nervous  cord  in  the  body,  measuring  three-quarters  of  an 
inch  in  breadth,  and  is  the  continuation  of  the  lower  part  of  the  sacral  plexus. 
It  passes  out  of  the  pelvis  through  the  great  sacro-sciatic  foramen,  below  the 
Pyriformis  muscle.  It  descends  between  the  trochanter  major  and  tuberosity  of 
the  ischium,  along  the  back  part  of  the  thigh  to  about  its  lower  third,  where  it 
divides  into  two  large  branches,  the  internal  and  external  popliteal  nerves. 

This  division  may  take  place  at  any  point  between  the  sacral  plexus  and  the 
lower  third  of  the  thigh.  When  the  division  occurs  at  the  plexus,  the  two  nerves 
descend  together,  side  by  side ;  or  they  may  be  separated  at  their  commencement 
by  the  interposition  of  part  or  the  whole  of  the  Pyriformis  muscle.  As  the  nerve 
descends  along  the  back  of  the  thigh  it  rests  at  first  upon  the  External  rotator 
muscles,  in  company  with  the  small  sciatic  nerve  and  artery,  being  covered  by 
the  Gluteus  maximus ;  lower  down,  it  lies  upon  the  Adductor  magnus  and  is 
covered  by  the  long  head  of  the  Biceps. 

The  branches  of  the  nerve,  before  its  division,  are  articular  and  muscular. 

The  articular  branches  arise  from  the  upper  part  of  the  nerve ;  they  supply 
the  hip-joint,  perforating  its  fibrous  capsule  posteriorly.  These  branches  are 
sometimes  derived  from  the  sacral  plexus. 

The  muscular  branches  are  distributed  to  the  Flexors  of  the  leg — viz.  the 
Biceps,  Semitendinosus,  and  Semimembranosus,  and  a  branch  to  the  Adductor 
magnus.     These  branches  are  given  off  beneath  the  Biceps  muscle. 

The  Internal  Popliteal  Nenre,  the  larger  of  the  two  terminal  branches  of  the 
great  sciatic,  descends  along  the  back  part  of  the  thigh,  through  the  middle  of 
the  popliteal  space,  to  the  lower  part  of  the  Popliteus  muscle,  where  it  passes 
with  the  artery  beneath  the  arch  of  the  Soleus  and  becomes  the  posterior  tibial. 
It  is  overlapped  by  the  hamstring  muscles  above,  and  then  becomes  more  super- 
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ficial,  and  lies  to  the  outer  side  of,  and  some  distance  from,  the  popliteal  vessels ; 
opposite  the  knee-joint  it  is  in  close  relation  with  the  vessels,  and  crosses  to  the 
inner  side  of  the  artery.     Below,  it  is  overlapped  by  the  Gastrocnemius. 

The  branches  of  this  nerve  are — articular,  muscular,  and  a  cutaneous  branch, 
the  communicanB  popUtei  ney've. 

The  articular  branches^  usually  three  in  number,  supply  the  knee-joint:  two  of 
these  branches  accompany  the  superior  and  inferior  internal  articular  arteries, 
and  a  third,  the  azygos  articular  artery. 

The  muscular  branches^  four  or  five  in  number,  arise  from  the  nerve  as  it  lies 
between  the  two  heads  of  the  Gastrocnemius  muscle ;  they  supply  that  muscle, 
the  Plantaris,  Soleus,  and  Popliteus.  The  filaments  which  supply  the  Popliteus 
turn  round  its  lower  border  and  are  distributed  to  its  deep  surface. 

The  communicans  poplitei  descends  between  the  two  heads  of  the  Gastrocne- 
mius muscle,  and  about  the  middle  of  the  back  of  the  leg  pierces  the  deep  fascia, 
and  joins  a  communicating  branch  {communicans  peronei)  from  the  external 
popliteal  nerve  to  form  the  external  or  short  saphenous  (Fig.  470).  The  exter- 
nal saphenous  nerve,  formed  by  the  cutaneous  branches  of  the  internal  and 
external  popliteal  nerves,  passes  downward  and  outward  near  the  outer  margin  of 
the  tendo  Achillis,  lying  close  to  the  external  saphenous  vein,  to  the  interval 
between  the  external  malleolus  and  the  os  calcis.  It  winds  round  the  outer  mal- 
leolus, and  is  distributed  to  the  integument  along  the  outer  side  of  the  foot  and 
little  toe,  communicating  on  the  dorsum  of  the  foot  with  the  musculo-cutaneous 
nerve.     In  the  leg  its  branches  communicate  with  those  of  the  small  sciatic. 

The  Posterior  Tibial  Neire  (Fig.  471)  commences  at  the  lower  border  of  the 
Popliteus  muscle,  and  passes  along  the  back  part  of  the  leg  with  the  posterior 
tibial  vessels  to  the  interval  between  the  inner  malleolus  and  the  heel,  where  it 
divides  into  the  external  and  internal  plantar  nerves.  It  lies  upon  the  deep 
muscles  of  the  leg,  and  is  covered  in  the  upper  part  by  the  muscles  of  the  calf, 
lower  down  by  the  skin  and  fascia.  In  the  upper  part  of  its  course  it  lies  to  the 
inner  side  of  the  posterior  tibial  artery,  but  it  soon  crosses  that  vessel,  and  lies  to 
its  outer  side  as  far  as  the  ankle.  In  the  lower  third  of  the  leg  it  is  placed 
parallel  with  the  inner  margin  of  the  tendo  Achillis. 

The  branches  of  the  posterior  tibial  nerve  are — muscular,  plantar  cutaneous,  and 
articular. 

The  muscular  branches  arise  either  separately  or  by  a  common  trunk  from  the 
upper  part  of  the  nerve.  They  supply  the  Tibialis  posticus,  Flexor  longus  digito- 
rum,  and  Flexor  longus  hallucis  muscles,  the  branch  to  the  latter  muscle 
accompanying   the   peroneal  artery. 

The  plantar  cutaneous  branch  perforates  the  internal  annular  ligament  and 
supplies  the  integument  of  the  heel  and  inner  side  of  the  sole  of  the  foot. 

The  articular  branch  is  given  oflf  just  above  the  bifurcation  of  the  nerve  and 
supplies  the  ankle-joint. 

The  internal  plantar  nerve  (Fig.  472),  the  larger  of  the  two  terminal  branches 
of  the  posterior  tibial,  accompanies  the  internal  plantar  artery  along  the  inner  side 
of  the  foot.  From  its  origin  at  the  inner  ankle  it  passes  beneath  the  Abductor 
hallucis,  and  then  forward  between  this  muscle  and  the  Flexor  brevis  digitorum, 
divides  opposite  the  bases  of  the  metatarsal  bones  into  four  digital  branches,  and 
communicates  with  the  external  plantar  nerve. 

Branches, — In  its  course  the  internal  plantar  nerve  gives  off  cutaneous 
branches^  which  pierce  the  plantar  fascia  and  supply  the  integument  of  the  sole 
of  the  foot ;  muscular  branches^  which  supply  the  Abductor  hallucis  and  Flexor 
brevis  digitorum ;  articular  branches^  to  the  articulations  of  the  tarsus  and  meta- 
tarsus; and  four  digital  branches.  These  pass  between  the  divisions  of  the 
plantar  fascia  in  the  clefts  between  the  toes,  and  are  distributed  in  the  fol- 
lowing manner:  The  first  supplies  the  inner  border  of  the  great  toe,  and 
sends  a  filament  to  the  Flexor  brevis  hallucis  muscle;  the  second  bifurcates 
to  supply  the  adjacent  sides  of  the  great  and  second  toes,  sending  a  filament 
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to  the  First  lumbrical  muscle;  the  third  digital  branch  supplies  the  adjacent 
sides  of  the  second  and  third  toes,  and  the  Second  lumbrical  muscle;  iho 
fovrik  supplies  the  corresponding  sides  of 
the  third  and  fourth  toes,  and  receives  a 
communicating  branch  from  the  external 
plantar  nerve.  It  will  be  observed  that 
the  distribution  of  these  branches  is  pre- 
.cisely  similar  to  that  of  the  median  nerve 
latfr.  in  the  hand.     Each  digital  nerve  gives  olT 

^"''  cutaneous  and  articular  filaments,  and  oppo- 

site the  last  phalanx  sends  a  dorsal  branch, 
which  supplies  the  structure  round  the  nad, 
the  continuation  of  the  nerve  being  dis- 
tributed   to   the   ball   of  the   toe. 

The  external  plaatar  nerre,  the  smaller 
of  the  two,  completes  the  nervous  supply  to 
the  structures  of  the  sole  of  the  foot,  being 
distributed  to  the  little  toe  and  one-half 
of  the  fourth,  as  well  as  to  most  of  the 
deep  muscles,  its  distribution  being  similar 
to  that  of  the  ulnar  in  the  hand.  It  passes 
oblifjuely  forward  with  the  external  planiar 
artery  to  the  outer  side  of  the  foot,  lying 
between  the  Flexor  brevis  digitorum  and 
Flexor  accessorius,  and  in  the  interval  be- 
tween the  former  muscle  and  Abductor 
minimi  digiti  divides  into  a  superficial  and 
a  deep  branch.  Before  its  division  it  su])- 
plies  the  Flexor  accessorius  and  Abductor 
minimi  digiti. 
no.  472.— ThepUniarnerre*.  The   Superficial    branch   separates   into 

two  digital  nerves;  one,  the  smaller  of 
the  two,  supplies  the  outer  side  of  the  little  toe,  the  Flexor  brevis  minimi  digiti, 
and  the  two  Interosseous  muscles  of  the  fourth  metatarsal  space ;  the  other  and 
larger  digital  branch  supplies  the  adjoining  sides  of  the  fourth  and  fifth  toes,  and 
communicates  with  the  internal  plantar  nerve. 

The  deep  or  muscular  branch  accompanies  the  external  plantar  artery  into  the 
deep  part  of  the  sole  of  the  foot,  beneath  the  tendons  of  the  Flexor  muscles  and 
Adductor  transversus  halhicis,  and  supplies  all  the  Interossei  (except  those  in  the 
fourth  metatarsal  space),  the  two  outer  Lumbricales,  the  Adductor  obliquus  hal- 
lucis,  and  the  Adductor  transversus  hallucis. 

The  External  Popliteal  or  Peroneal  Nerve  (Fig.  471).  about  one-half  the  size  of 
the  internal  popliteal,  descends  obliquely  along  the  outer  sides  of  the  popliteal 
space  ro  the  head  of  the  fibula,  close  to  the  inner  margin  of  the  Biceps  muscle.  It 
is  easily  felt  beneath  the  skin  behind  the  bead  of  the  fibula  at  the  inner  side  of 
the  tendon  of  the  Biceps.  It  passes  between  the  tendon  of  the  Biceps  and  outer 
head  of  the  Gastrocnemius  muscle,  winds  round  the  neck  of  the  fibula,  pierces  the 
origin  of  the  Peroneus  Inngus.  and  divides  beneath  that  muscle  into  the  anterior 
tibial  and  musculo-cutaneous  nerves. 

The  branches  of  the  peroneal  nerve,  previous  to  its  division,  are  articular  and 
cutaneous. 

The  articiifar  branche»  are  three  in  number;  two  of  these  accompany  the 
superior  and  inferior  external  articular  arteries  to  the  outer  side  of  the  knee.  The 
npper  one  occasionally  arises  from  the  great  sciatic  nerve  before  its  bifurcation. 
The  third  {rfcHrrcnt)  articular  nerve  is  given  off  at  the  point  of  division  of  the 
percineal  nerve;  it  ascends  with  the  anterior  recurrent  tibial  artery  through  the 
Tibialis  amicus  muscle  to  the  front  of  the  knee,  which  it  supplies. 
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The  cutaneous  branches^  two  or  three  in  number,  supply  the  integument  along 
the  back  part  and  outer  side  of  the  leg  as  far  as  its  middle  or  lower  part ;  one  of 
these,  larger  than  the  rest,  the  coimnunicans  peronei^  arises  near  the  head  of  the 
fibula,  crosses  the  external  head  of  the  Gastrocnemius  to  the  middle  of  the 
leg,  and  joins  with  the  communicans  poplitei  to  form  the  external  saphenous. 
This  nerve  occasionally  exists  as  a  separate  branch,  which  is  continued  down  as 
far  as  the  heel. 

The  Anterior  Tibial  Nerve  (Fig.  467)  commences  at  the  bifurcation  of  the  per- 
oneal nerve,  between  the  fibula  and  upper  part  of  the  Peroneus  longus,  passes 
obliquely  forward  beneath  the  Extensor  longus  digitorum  to  the  fore  part  of  the 
interosseous  membrane,  and  reaches  the  outer  side  of  the  anterior  tibial  artery 
above  the  middle  of  the  leg ;  it  then  descends  with  the  artery  to  the  front  of  the 
ankle-joint,  where  it  divides  into  an  external  and  an  internal  branch.  This  nerve 
lies  at  first  on  the  outer  side  of  the  anterior  tibial  artery,  then  in  front  of  it,  and 
again  at  its  outer  side  at  the  ankle-joint. 

The  branches  of  the  anterior  tibial  nerve  in  its  course  through  the  leg  are  the 
muscular  branches  to  the  Tibialis  an ticus.  Extensor  longus  digitorum,  Peroneus 
tertius,  and  Extensor  proprius  hallucis  muscles,  and  an  articular  branch  to  the 
ankle-joint. 

The  external  or  tarsal  branch  of  the  anterior  tibial  passes  outward  across  the 
tarsus,  beneath  the  Extensor  brevis  digitorum,  and,  having  become  ganglionic, 
like  the  posterior  interosseous  nerve  at  the  wrist,  supplies  the  Extensor  brevis 
digitorum.  From  the  ganglion  are  given  off  three  minute  interosseous  branches 
which  supply  the  tarsal  joints  and  the  metatarso-phalangeal  joints  of  the  second, 
third,  and  fourth  toes.  The  first  of  these  sends  a  filament  to  the  second  dorsal 
interosseous  muscle. 

The  internal  branchy  the  continuation  of  the  nerve,  accompanies  the  dorsalis 
pedis  artery  along  the  inner  side  of  the  dorsum  of  the  foot,  and  at  the  first  inter- 
osseous space  divides  into  two  branches,  which  supply  the  adjacent  sides  of  the 
great  and  second  toes,  communicating  with  the  internal  branch  of  the  musculo- 
cutaneous nerve.  Before  it  divides  it  gives  off  an  interosseous  branch  to  the  first 
space,  which  supplies  the  metatarso-phalangeal  joint  of  the  great  toe  and  sends  a 
filament  to  the  First  dorsal  interosseous  muscle. 

The  Muflculo-cntaneous  Nerve  (Fig.  467)  supplies  the  muscles  on  the  fibular 
side  of  the  leg  and  the  integument  of  the  dorsum  of  the  foot.  It  passes  forward 
between  the  Peronei  muscles  and  the  Extensor  longus  digitorum,  pierces  the  deep 
fascia  at  the  lower  third  of  the  leg  on  its  front  and  outer  side,  and  divides  into 
two  branches.  This  nerve  in  its  course  between  the  muscles  gives  off  muscular 
branches  to  the  Peroneus  longus  and  brevis,  and  cutaneous  filaments  to  the 
integument  of  the  lower  part  of  the  leg. 

The  internal  branch  of  the  musculo-cutaneous  nerve  passes  in  front  of  the 
ankle-joint  and  along  the  dorsum  of  the  foot,  supplying  the  inner  side  of  the  great 
toe  and  the  adjoining  sides  of  the  second  and  third  toes.  It  also  supplies  the 
integument  of  the  inner  ankle  and  inner  side  of  the  foot,  communicating  with 
the  internal  saphenous  nerve,  and  joins  with  the  anterior  tibial  nerve  between  the 
great  and  second  toes. 

The  external  branchy  the  larger,  passes  along  the  outer  side  of  the  dorsum  of 
the  foot,  to  be  distributed  to  the  adjoining  sides  of  the  third,  fourth,  and  fifth  toes. 
It  also  supplies  the  integument  of  the  outer  ankle  and  outer  side  of  the  foot,  com- 
municating with  the  short  saphenous  nerve. 

The  distribution  of  these  branches  of  the  musculo-cutaneous  nerve  will  be 
found  to  vary ;  together,  they  supply  all  the  toes  excepting  the  outer  side  of  the 
little  toe  and  the  adjoining  sides  of  the  great  and  second  toes,  the  former  being 
supplied  by  the  external  saphenous,  and  the  latter  by  the  internal  branch  of  the 
anterior  tibial. 

Surgical  Anatomy. — ^The  lumbar  plexus  passes  through  the  Psoas  muscle,  and,  therefore 
in  psoas  abscess  any  or  all  of  its  branches  may  be  irritated,  causing  severe  pain  in  the  part  to 
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which  the  irritated  nerves  are  distributed.  The  genito-craral  nerve  is  the  one  which  is  most 
frequently  implicated.  This  nerve  is  also  of  importance,  as  it  is  concerned  in  one  of  the  princi- 
pal reflexes  employed  in  the  investigation  of  diseases  oi  the  spine.  If  the  skin  over  the  inner 
side  of  the  thigh  just  below  Pouoart's  ligament,  the  part  supplied  by  the  crural  branch  of  the 
genito-crural  nerve,  be  gently  tickled  in  a  male  child,  the  testicle  will  be  noticed  to  be  drawn 
upward  through  the  action  of  the  Cremaster  muscle,  supplied  by  the  genital  branch  of  the  same 
nerve.  The  same  result  may  sometimes  be  noticed  in  adults,  and  can  almost  always  be  produced 
by  severe  stimulation.  This  reflex,  when  present,  shows  that  the  portion  of  the  cord  from  which 
the  first  and  second  lumbar  nerves  are  derived  is  in  a  normal  condition. 

The  anterior  crural  nerve  is  in  danger  of  being  iryured  in  fractures  of  the  true  pelvis,  since 
the  fracture  most  commonly  takes  place  through  the  horizontal  ramus  of  the  os  pubis,  at  or 
near  the  point  where  this  nerve  crosses  the  bone.  It  is  also  liable  to  be  injured  in  fractures  and 
dislocations  of  the  femur,  and  is  likely  to  be  pressed  upon  and  its  functions  impaired  in  some 
tumors  growing  in  the  pelvis.  Moreover,  on  account  of  its  superficial  position  it  is  exposed  to 
injury  in  wounds  and  stabs  in  the  groin.  When  this  nerve  is  paralyzed,  the  patient  is  unable  to 
flex  his  hip  completely,  on  account  of  the  loss  of  motion  in  the  Iliacus,  or  to  extend  the  knee 
on  the  thigh,  on  account  of  paralysis  of  the  Quadriceps  extensor  cnuris;  there  is  complete 
paralysis  of  the  Sartorius  and  partial  paralysis  of  the  Pectineus.  There  is  loss  of  sensation 
down  the  front  and  inner  side  of  the  thigh,  except  in  that  part  supplied  by  the  crural  branch  of 
the  genito-crural  and  by  the  ilio-inguinal.  There  is  also  loss  of  sensation  down  the  inner  side 
of  the  leg  and  foot  as  far  as  the  ball  of  the  ^reat  toe. 

The  obturator  nerve  is  of  special  surgical  interest.  It  is  rarely  paralyzed  alone,  but  occa- 
sionally in  association  with  the  anterior  crural.  The  principal  interest  attached  to  it  is  in  con- 
nection with  its  supply  to  the  knee,  pain  in  the  knee  being  symptomatic  of  many  diseases  in 
which  the  trunk  of  this  nerve  or  one  of  its  branches  is  irritated.  Thus  it  is  well  known  that  in 
the  earlier  stages  of  hip-joint  disease  the  patient  does  not  complain  of  pain  in  that  articulation, 
but  on  the  inner  side  of  the  knee,  or  in  the  knee-joint  itself,  both  these  articulations  being 
supplied  by  the  obturator  nerve,  the  final  distribution  of  the  nerve  beings  to  the  knee-joint. 
Again,  the  same  thing  occurs  in  sacro-iliac  disease :  pain  is  complained  of  in  the  knee-joint  or  on 
its  inner  side.  The  obturator  nerve  is  in  close  relationship  with  the  sacro-iliac  articulation,  pass- 
ing oyer  it,  and,  according  to  some  anatomists,  distributing  filaments  to  it.  Again,  in  cancer  of 
the  sigmoid  flexure,  and  even  in  eases  where  masses  of  hardened  fseces  are  impacted  in  this 
portion  of  the  gut,  pain  is  complained  of  in  the  knee.  The  obturator  nerve  lies  beneath  the 
sigmoid  flexure,  and  is  readily  pressed  upon  and  irntated  when  disease  exists  in  this  part  of  the 
intestine.  Finally,  pain  in  the  knee  forms  an  important  diagnostic  sign  in  obturator  hernia. 
The  hernial  protrusion  as  it  passes  out  through  the  opening  in  the  obturator  membrane  presses 
upon  the  nerve  and  causes  pain  in  the  parts  supplied  by  its  peripheral  filaments.  When  the 
obturator  nerve  is  paralyzed,  the  patient  is  unable  to  press  his  knees  together  or  to  cross  one  leg 
over  the  other,  on  account  of  paralysis  of  the  Adductor  muscles.  Rotation  outward  of  the  thigh 
is  impaired  from  paralysis  of  the  Obturator  externus.  Sometimes  there  is  loss  of  sensation  in 
the  upper  half  or  the  inner  side  of  the  leg. 

Tne  great  sciatic  nerve  is  liable  to  be  pressed  upon  by  various  forms  of  pelvic  tumors,  giv- 
ing rise  to  pain  along  its  trunk,  to  which  the  term  sciatica  is  applied.  Tumors  growing  from 
the  pelvic  viscera  or  bones,  aneurisms  of  some  of  the  branches  of  the  internal  iliac  artery,  calcu- 
lus m  the  bladder  when  of  large  size,  accumulation  of  faeces  in  the  rectum,  may  all  cause 
pressure  on  the  nerve  inside  the  pelvis  and  give  rise  to  sciatica.  Outside  the  pelvis  exposure  to 
cold,  violent  movements  of  the  hip-joint,  exostoses  or  other  tumors  growing  from  the  margin  of 
the  sacro-sciatic  foramen,  may  also  give  rise  to  the  same  condition.  When  paralyzed  there  is 
loss  of  motion  in  all  the  muscles  below  the  knee,  and  loss  of  sensation  in  the  same  situation, 
except  the  upper  half  of  the  back  of  the  leg,  supplied  by  the  small  sciatic  and  the  upper  half 
of  the  inner  side  of  the  leg,  when  the  communicating  branch  of  the  obturator  is  large  (see  page 
816). 

The  sciatic  nerve  has  been  frequently  cut  down  upon  and  stretched,  or  has  been  acupunctiued 
for  the  relief  of  sciatica.  The  nerve  has  also  been  stretched  in  cases  of  locomotor  ataxy,  the 
anaesthesia  of  leprosy,  etc.  In  order  to  define  it  on  the  surface,  a  point  is  taken  at  the  iunction 
of  the  middle  and  lower  third  of  a  line  stretching  from  the  posterior  superior  spine  of  the  iHum 
to  the  outer  part  of  the  tuber  ischii,  and  a  line  drawn  from  this  to  the  middle  of  the  upper  part 
of  the  popliteal  space.  The  line  must  be  slightly  curved  with  its  convexity  outward,  and  as  it 
passes  downward  to  the  lower  border  of  the  Gluteus  maximus  is  slightly  nearer  the  tuber  ischii 
than  the  great  trochanter,  as  it  bisects  a  line  drawn  between  these  two  points.  The  operation 
of  stretching  the  sciatic  nerve  is  performed  by  making  an  incision  over  tne  course  of  the  nerve 
about  the  centre  of  the  thigh.  The  skin,  superficial  structures,  and  deep  fascia  having  been 
divided,  the  interval  between  the  inner  and  outer  hamstrings  is  to  be  defined,  and  these  muscles 
pulled  inward  and  outward  with  retractors.  The  nerve  will  be  found  a  little  to  the  inner  side  of 
the  Biceps.  It  is  to  be  separated  from  the  surrounding  structures,  hooked  up  with  the  finger, 
and  stretched  by  steady  and  continuous  tniction  for  two  or  three  minutes.  The  sciatic  nerve 
may  also  be  stretched  by  what  is  known  as  the  "dry"  plan.  The  patient  is  laid  on  his  back, 
the  foot  is  extended,  the  leg  flexed  on  the  thigh,  and  the  thi^h  strongly  flexed  on  the  abdomen. 
While  the  thigh  is  maintained  in  this  position  the  leg  is  forcibly  extended  to  its  full  extent  and 
the  foot  as  fully  flexed  on  the  leg. 

The  position  of  the  external  popliteal,  close  behind  the  tendon  of  the  Biceps  on  the  outer 
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side  of  the  ham,  should  be  remembered  in  subcutaneous  division  of  the  tendon.  After  it  is 
divided  a  cord  often  rises  up  close  beside  it,  which  might  be  mistaken  for  a  small  undivided 
portion  of  the  tendon,  and  the  surgeon  might  be  tempted  to  reintroduce  his  knife  and  divide  it. 
This  must  never  be  done,  as  the  cord  is  the  external  popliteal  nerve,  which  becomes  prominent 
as  soon  as  the  tendon  is  divided. 

THE  SYMPATHETIC  NERVE. 

The  Sympathetic  Nervous  System  consists  of  (1)  a  series  of  ganglia,  connected 
together  by  intervening  cords,  extending, from  the  base  of  the  skull  to  the  coccyx, 
one  on  each  side  of  the  middle  line  of  the  body,  partly  in  front  and  partly  on  each 
side  of  the  vertebral  column ;  (2)  of  three  great  gangliated  plexuses  or  aggregations 
of  nerves  and  ganglia,  situated  in  front  of  the  spine  in  the  thoracic,  abdominal,  and 
pelvic  cavities  respectively ;  (3)  of  smaller  ganglia,  situated  in  relation  with  the 
abdominal  viscera ;  and  (4)  of  numerous  nerve-fibres.  These  latter  are  of  two 
kinds :  communicating^  by  which  the  ganglia  communicate  with  each  other  and 
with  the  cerebro-spinal  nerves;  and  distributory^  supplying,  in  general,  all  the 
internal  viscera  and  the  coats  of  the  blood-vessels. 

Each  gangliated  cord  may  be  traced  upward  from  the  base  of  the  skull  into 
its  cavity  by  an  ascending  branch,  which  passes  through  the  carotid  canal,  forms 
a  plexus  on  the  internal  carotid  artery,  and  communicates  with  the  ganglia  on  the 
first  and  second  divisions  of  the  fifth  nerve.  According  to  some  anatomists,  the 
two  cords  are  joined,  at  their  cephalic  extremities,  by  these  ascending  branches 
communicating  in  a  small  ganglion  (the  ganglion  of  Ilibes),  situated  upon  the 
anterior  communicating  artery.  The  ganglia  of  these  cords  are  distinguished  as 
cervical,  dorsal,  lumbar,  and  sacral,  and  except  in  the  neck  they  correspond  pretty 
nearly  in  number  to  the  vertebrae  against  which  they  lie.  They  may  be  thus 
arranged : 

Cervical  portion  .  .         3  pairs  of  ganglia. 

Dorsal         ''  .  .       12  '' 

Lumbar      '*  .  .         4  *'         u 

Sacral         "  .  .4  or  5  "         " 

In  the  neck  they  are  situated  in  front  of  the  transverse  processes  of  the  verte- 
bne ;  in  the  dorsal  region,  in  front  of  the  heads  of  the  ribs ;  in  the  lumbar  region, 
on  the  sides  of  the  bodies  of  the  vertebrae ;  and  in  the  sacral  region,  in  front  of  the 
sacrum.  As  the  two  cords  pass  into  the  pelvis  they  converge  and  unite  together 
in  a  single  ganglion  (ganglion  impar)  placed  in  front  of  the  coccyx.  Each 
ganglion  may  be  regarded  as  a  distinct  centre,  and,  in  addition  to  its  branches  of 
distribution,  possesses  also  branches  of  communication  which  communicate  with 
other  ganglia  and  with  the  cerebro-spinal  nerves. 

The  branches  of  communication  between  the  ganglia  are  composed  of  gray 
and  white  nerve-fibres,  the  latter  being  continuous  with  those  fibres  of  the  spinal 
nerves  which  pass  to  the  ganglia. 

The  branches  of  communication  between  the  ganglia  and  the  cerebro-spinal 
nerves  also  consist  of  a  white  and  gray  portion,  the  foimer  proceeding  from  the 
spinal  nerve  to  the  ganglion,  the  latter  passing /row  the  ganglion  to  the  spinal 
nerve,  so  that  a  double  interchange  takes  place  betw^een  the  tw^o  systems. 

The  three  great  gangliated  plexuses  are  situated  in  front  of  the  spine  in  the 
thoracic,  abdominal,  and  pelvic  regions,  and  are  named,  respectively,  the  cardiac^ 
the  %olar  or  epigastric^  and  the  hypogastric  plexus.  They  consist  of  collections  of 
nerves  and  ganglia,  the  nerves  being  derived  from  the  gangliated  cords  and  from 
the  cerebro-spinal  nerves.     They  distribute  branches  to  the  viscera. 

Smaller  ganglia  are  also  found  lying  amidst  the  nerves,  some  of  them  of 
microscopic  size,  in  certain  viscera — as,  for  instance,  in  the  heart,  the  stomach,  and 
the  uterus.     They  serve  as  additional  centres  for  the  origin  of  nerve-fibres. 

The  branches  of  distribution  derived  from  the  gangliated  cords,  from  the 
prevertebral  plexuses,  and  also  from  the  smaller  ganglia,  are  principally  destined 
for  the  blood-vessels  and  thoracic  and  abdominal  viscera,  supplying  the  involuntary 
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muscitlar  fibre  of  tbe  coats  nf  ihc  vessels  and  the  hollow  viscera,  and  the  secreting 
ct'Us,  as  well  as  the  muscular  coats  of  the  vessels  in  the  glandular  viscera. 
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In  addition  to  these  various  divisions  of  the  sympathetic,  the  ganglia  con- 
nected with  the  three  branches  of  the  fifth  cranial  nerve  are  believed  by  some 
to  constitute  a  part  of  the  sympathetic  system.  These  ganglia  have  already  been 
described  (page  763  et  %eq,), 

THE  GANGLIATED  OOBD. 

Cervical  Portion  of  the  Oangliated  Oord. 

The  cervical  portion  of  the  gangliated  cord  consists  of  three  ganglia  on  each 
side,  which  are  distinguished,  according  to  their  position,  as  the  superior,  middle, 
and  inferior  cervical. 

The  Superior  Cervical  Ganglion,  the  largest  of  the  three,  is  placed  opposite  the 
second  and  third  cervical  vertebrae,  and  sometimes  as  low  as  the  fourth  or  fifth.  It 
is  of  a  reddish-gray  color,  and  usually  fusifoim  in  shape,  sometimes  broad,  and 
occasionally  constricted  at  intervals,  so  as  to  give  rise  to  the  opinion  that  it  consists 
of  the  coalescence  of  several  smaller  ganglia ;  and  it  is  usually  believed  that  it  is 
formed  by  the  coalescence  of  the  four  ganglia,  corresponding  to  the  four  upper 
cervical  nerves.  It  is  in  relation,  in  front,  with  the  sheath  of  the  internal  carotid 
artery  and  internal  jugular  vein ;  behind,  it  lies  on  the  Rectus  capitis  anticus 
major  muscle. 

Its  branches  may  be  divided  into  superior,  inferior,  external,  internal,  and 
anterior. 

The  superior  branch  appears  to  be  a  direct  prolongation  of  the  ganglion.  It 
is  soft  in  texture  and  of  a  reddish  color.  It  ascends  by  the  side  of  the  internal 
carotid  artery,  and,  entering  the  carotid  canal  in  the  temporal  bone,  divides  into  two 
branches,  which  lie,  one  on  the  outer,  and  the  other  on  the  inner,  side  of  that  vessel. 

The  outer  branchy  the  larger  of  the  two,  distributes  filaments  to  the  internal 
carotid  artery  and  forms  the  carotid  plexus. 

The  inner  branch  also  distributes  filaments  to  the  internal  carotid,  and,  con- 
tinuing onward,  forms  the  cavernous  plexus. 

The  Oarotid  Plexus. 

The  carotid  plexus  is  situated  on  the  outer  side  of  the  internal  carotid.  Fila- 
ments from  this  plexus  occasionally  form  a  small  gangliform  swelling  on  the  under 
surface  of  the  artery,  which  is  called  the  carotid  ganglion.  The  carotid  plexus 
communicates  with  the  Gasserian  ganglion,  with  the  sixth  nerve,  and  the  spheno- 
palatine ganglion,  and  distributes  filaments  to  the  wall  of  the  carotid  artery  and 
to  the  dura  mater  (Valentin),  while  in  the  carotid  canal  it  communicates  with 
Jacobson's  nerve,  the  tympanic  branch  of  the  glosso-pharyngeal. 

.  The  communicating  branches  with  the  sixth  nerve  consist  of  one  or  two  fila- 
ments which  join  that  nerve  as  it  lies  upon  the  outer  side  of  the  internal  carotid. 
Other  filaments  are  also  connected  with  the  Gasserian  ganglion.  The  communi- 
cation with  the  spheno-palatine  ganglion  is  effected  by  a  branch,  the  large  deep 
petrosal^  which  is  given  off  from  the  plexus  on  the  outer  side  of  the  artery,  and 
which  passes  through  the  cartilage  filling  up  the  foramen  lacerum  medium,  and 
joins  the  great  superficial  petrosal  to  form  the  Vidian  nerve.  The  Vidian  nerve 
then  proceeds  along  the  pterygoid  or  Vidian  canal  to  the  spheno-palatine  ganglion. 
The  communication  with  Jacobson's  nerve  is  effected  by  two  branches,  one  of 
which  is  called  the  small  deep  petrosal  nerve,  and  the  other  the  long  petrosal. 

The  Oavemous  Plexus. 

The  cavernous  plexus  is  situated  below  and  internal  to  that  part  of  the  internal 
carotid  which  is  placed  by  the  side  of  the  sella  Turcica  in  the  cavernous  sinus, 
and  is  formed  chiefly  by  the  internal  division  of  the  ascending  branch  from  ihe 
superior  cervical  ganglion.  It  communicates  with  the  third,  the  fourth,  the 
ophthalmic  division  of  the  fifth,  and  the  sixth  nerves,  and  with  the  ophthalmic 
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Fig.  474.— Plan  of  the  cervical  portion  of  the  sympathetic.    (After  Flower.) 
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ganglion,  and  distributes  filaments  to  the  wall  of  the  internal  carotid.  The 
branch  of  communication  with  the  third  nerve  joins  it  at  its  point  of  division ; 
the  branch  to  the  fourth  nerve  joins  it  as  it  lies  on  the  outer  wall  of  the  cavernous 
sinus ;  other  filaments  are  connected  with  the  under  surface  of  the  trunk  of  the 
ophthalmic  nerve ;  and  a  second  filament  of  communication  joins  the  sixth  nerve. 

The  filament  of  connection  with  the  ophthalmic  ganglion  arises  from  the 
anterior  part  of  the  cavernous  plexus ;  it  accompanies  the  nasal  nerve  or  con- 
tinues forward  as  a  separate  branch. 

The  terminal  filaments  from  the  carotid  and  cavernous  plexuses  are  prolonged 
along  the  internal  carotid,  forming  plexuses  which  entwine  round  the  cerebral  and 
ophthalmic  arteries ;  along  the  former  vessels  they  may  be  traced  on  to  the  pia 
mater ;  along  the  latter,  into  the  orbit,  where  they  accompany  each  of  the  sub- 
divisions of  the  vessel,  a  separate  plexus  passing,  with  the  arteria  centralis  retinas, 
into  the  interior  of  the  eyeball.  The  filaments  prolonged  on  to  the  anterior  com- 
municating artery  form  a  small  ganglion,  the  ganglion  of  RibeSy^  which  serves,  as 
mentioned  above,  to  connect  the  sympathetic  nerves  of  the  right  and  left  sides. 

The  inferior  or  descending  branch  of  the  snperior  cervical  ganglion  communi- 
cates with  the  middle  cervical  ganglion. 

The  external  branches  are  numerous,  and  communicate  with  the  cranial  nerves 
and  with  the  four  upper  spinal  nerves.  Sometimes  the  branch  to  the  fourth 
spinal  nerve  may  come  from  the  cord  connecting  the  upper  and  middle  cervical 
ganglia.  The  branches  of  communication  with  the  cranial  nerves  consist  of 
delicate  filaments,  which  pass  from  the  superior  cervical  ganglion  to  the  ganglion 
of  the  trunk  of  the  pneumogastric  and  to  the  hypoglossal  nerve.  A  separate 
filament  from  the  cervical  ganglion  subdivides  and  joins  the  petrosal  ganglion  of 
the  glosso-pharyngeal  and  the  ganglion  of  the  root  of  the  pneumogastric  in  the 
jugular  foramen. 

The  internal  branches  are  three  in  number — the  pharyngeal,  laryngeal,  and 
superior  cardiac  nerve.  The  pharyngeal  branches  pass  inward  to  the  side  of  the 
pharynx,  where  they  join  with  branches  from  the  glosso-pharyngeal,  pneumogastric, 
and  external  laryngeal  nerves  to  form  the  pharyngeal  plexvs.  The  laryngeal 
branches  unite  with  the  superior  laryngeal  nerve  and  its  branches. 

The  superior  cardiac  nerve  {nervtis  superficialis  cordis)  arises  by  two  or  more 
branches  from  the  superior  cervical  ganglion,  and  occasionally  receives  a  filament 
from  the  cord  of  communication  between  the  first  and  second  cervical  ganglia.  It 
runs  down  the  neck  behind  the  common-  carotid  artery,  lying  upon  the  Longus 
colli  muscle,  and  crosses  in  front  of  the  inferior  thyroid  artery  and  recurrent 
laryngeal  nerve. 

The  right  superior  cardiac  nerve,  at  the  root  of  the  neck,  passes  either  in  front 
of  or  behind  the  subclavian  artery,  and  along  the  arteria  innominata,  to  the  back 
part  of  the  arch  of  the  aorta,  where  it  joins  the  deep  cardiac  plexus.  This  nerve, 
in  itfi  course,  is  connected  with  other  branches  of  the  sympathetic :  about  the 
middle  of  the  neck  it  receives  filaments  from  the  external  laryngeal  nerve ;  lower 
down,  one  or  two  twigs  from  the  pneumogastric ;  and  as  it  enters  the  thorax  it  is 
joined  by  a  filament  from  the  recurrent  laryngeal.  Filaments  from  this  nerve 
communicate  with  the  thyroid  branches  from  the  middle  cervical  ganglion. 

The  left  superior  cardiac  nerve,  in  the  chest,  runs  by  the  side  of  the  left  com- 
mon carotid  artery  and  in  front  of  the  arch  of  the  aorta  to  the  superficial  cardiac 
plexus,  but  occasionally  it  passes  behind  the  aorta  and  terminates  in  the  deep 
cardiac  plexus. 

The  anterior  branches  ramify  upon  the  external  carotid  artery  and  its  branches, 
forming  round  each  a  delicate  plexus,  on  the  nerves  composing  which  small  ganglia 
are  occasionally  found.  These  ganglia  have  been  named,  according  to  their  posi- 
tion, intercarotid  *  (placed  at  the  angle  of  bifurcation  of  the  common  carotid), 
lingual,  temporal,  and  pharyngeal.     The  plexuses  accompanying  some  of  these 

*  The  existence  of  this  ganglion  is  doubted  by  some  observers. 

'This  gafiglion  is  of  the  same  structure  as  the  coccygeal  gland  (Luschka). 
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arteries  have  important  communications  with  other  nerves.  That  surrounding  the 
external  carotid  is  connected  with  the  branch  of  the  facial  nerve  to  the  stylo-hyoid 
muscle  ;  that  surrounding  the  facial  communicates  with  the  submaxillary  ganglion 
by  one  or  two  filaments ;  and  that  accompanying  the  middle  meningeal  artery 
sends  offsets  which  pass  to  the  otic  ganglion  and  to  the  intumescentia  ganglioformis 
of  the  facial  nerve  (external  petrosal). 

The  Middle  Cervical  Ganglion  {thyroid  ganglion)  is  the  smallest  of  the  three 
cervical  ganglia,  and  is  occasionally  altogether  wanting.  It  is  placed  opposite  the 
sixth  cervical  vertebra,  usually  upon,  or  close  to,  the  inferior  thyroid  artery; 
hence  the  name,  "thyroid  ganglion,"  assigned  to  it  by  Haller.  It  is  probably 
formed  by  the  coalescence  of  two  ganglia  corresponding  to  the  fifth  and  sixth  cer- 
vical nerves. 

Its  superior  branches  ascend  to  communicate  with  the  superior  cervical  gan- 
glion. 

Its  inferior  branches  descend  to  communicate  with  the  inferior  cervical  ganglion. 

Its  external  branches  pass  outward  to  join  the  fifth  and  sixth  spinal  nerves. 
These  branches  are  not  constantly  found. 

Its  internal  branches  are  the  thyroid  and  the  middle  cardiac  nerve. 

The  thyroid  branches  are  small  filaments  which  accompany  the  inferior  thyroid 
artery  to  the  thyroid  gland ;  they  communicate,  on  the  artery,  with  the  superior 
cardiac  nerve,  and,  in  the  gland,  with  branches  from  the  recurrent  and  external 
laryngeal  nerves. 

The  middle  cardiac  nerve  (nervus  cardiacus  magnus),  the  largest  of  the  three 
cardiac  nerves,  arises  from  the  middle  cervical  ganglion  or  from  the  cord  between 
the  middle  and  inferior  ganglia.  On  the  right  side  it  descends  behind  the  common 
carotid  artery,  and  at  the  root  of  the  neck  passes  either  in  front  of  or  behind  the 
subclavian  artery ;  it  then  descends  on  the  trachea,  receives  a  few  filaments  from 
the  recurrent  laryngeal  nerve,  and  joins  the  deep  cardiac  plexus.  In  the  neck  it 
communicates  with  the  superior  cardiac  and  recurrent  laryngeal  nerves.  On  the 
left  side  the  middle  cardiac  nerve  enters  the  chest  between  the  left  carotid  and  sub- 
clavian arteries,  and  joins  the  left  side  of  the  deep  cardiac  plexus. 

The  Inferior  Cervical  Ganglion  is  situated  between  the  base  of  the  transverse 
process  of  the  last  cervical  vertebra  and  the  neck  of  the  first  rib  on  the  inner  side 
of  the  superior  intercostal  artery.  Its  form  is  irregular ;  it  is  larger  in  size  than 
the  preceding,  and  frequently  joined  with  the  first  thoracic  ganglion.  It  is  proba- 
bly formed  by  the  coalescence  of  two  ganglia  which  correspond  to  the  two  last 
cervical  nerves. 

Its  superior  branches  communicate  with  the  middle  cervical  ganglion. 

Its  inferior  branches  descend,  some  in  front  of,  others  behind,  the  subclavian 
artery,  to  join  the  first  thoracic  ganglion. 

Its  internal  branch  is  the  inferior  cardiac  nerve. 

The  inferior  cardiac  nerve  (nervus  cardiacus  minor)  arises  from  the  inferior 
cervical  or  first  thoracic  ganglion.  It  passes  down  behind  the  subclavian  artery 
and  along  the  front  of  the  trachea  to  join  the  deep  cardiac  plexus.  It  communi- 
cates freely  behind  the  subclavian  artery  with  the  recurrent  laryngeal  and  middle 
cardiac  nerves. 

The  external  branches  consist  of  several  filaments,  some  of  which  communi- 
cate with  the  seventh  and  eighth  spinal  nerves ;  others  accompany  the  vertebral 
artery  along  the  vertebral  canal,  forming  a  plexus  round  the  vessel,  supplying  it 
with  filaments,  and  communicating  with  the  cervical  spinal  nerves  as  high  as  the 
fourth. 

Thoracic  Portion  of  the  Oangliated  Oord. 

The  thoracic  portion  of  the  gangliated  cord  consists  of  a  series  of  ganglia 
which  usually  correspond  in  number  to  that  of  the  vertebrae,  but,  from  the  occa- 
sional coalescence  of  two,  their  number  is  uncertain.  These  ganglia  are  placed 
on  each  side  of  the  spine,  resting  against  the  heads  of  the  ribs  and  covered  by  the 
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pleura  costalis ;  the  last  two  are,  however,  anterior  to  the  rest,  being  placed  on  the 
side  of  the  bodies  of  the  eleventh  and  twelfth  dorsal  vertebrae.  The  ganglia  are 
small  in  size  and  of  a  grayish  color.  The  first,  larger  than  the  rest,  is  of  an 
elongated  form  and  frequently  blended  with  the  last  cervical.  They  are  connected 
together  by  cord-like  prolongations  from  their  substance. 

The  external  branches  from  each  ganglion,  usually  two  in  number,  communi- 
cate with  each  of  the  dorsal  spinal  nerves. 

The  internal  branches  from  the  six  upper  ganglia  are  very  small ;  they  supply 
filaments  to  the  thoracic  aorta  and  its  branches,  besides  small  branches  to  the 
bodies  of  the  vertebrae  and  their  ligaments.  Branches  from  the  third  and  fourth, 
and  sometimes  also  from  the  first  and  second  ganglia,  form  part  of  the  posterior 
pulmonary  plexus. 

The  internal  branches  from  the  six  lower  ganglia  are  large  and  white  in  color; 
they  distribute  filaments  to  the  aorta  and  unite  to  form  the  three  splanchnic  nerves. 
These  are  named  the  great^  the  lesser^  and  the  smallest  or  renal  splanchnic. 

The  great  splanchnic  nerve  is  of  a  white  color,  firm  in  texture,  and  bears  a 
marked  contrast  to  the  ganglionic  nerves.  It  is  formed  by  branches  from  the 
thoracic  ganglia  between  the  sixth  and  tenth,  receiving  filaments  (according  to  Dr. 
Beck)  from  all  the  thoracic  ganglia  above  the  sixth.  These  roots  unite  to  form  a 
large  round  cord  of  considerable  size.  It  descends  obliquely  inward  in  front  of 
the  bodies  of  the  vertebrae  along  the  posterior  mediastinum,  perforates  the  crus  of 
the  Diaphragm,  and  terminates  in  the  semilunar  ganglion,  distributing  filaments 
to  the  renal  and  suprarenal  plexus. 

The  lesser  splanchnic  nerve  is  formed  by  filaments  from  the  tenth  and  eleventh 
ganglia  and  from  the  cord  between  them.  It  pierces  the  Diaphragm  with  the 
preceding  nerve  and  joins  the  coeliac  plexus.  It  communicates  in  the  chest  with 
the  great  splanchnic  nerve,  and  occasionally  sends  filaments  to  the  renal  plexus. 

The  smallest^  or  renal,  splanchnic  nerve  arises  from  the  last  ganglion,  and, 
piercing  the  Diaphragm,  terminates  in  the  renal  plexus  and  lower  part  of  the 
coeliac  plexus.     It  occasionally  communicates  with  the  preceding  nerve. 

A  striking  analogy  appears  to  exist  between  the  splanchnic  and  the  cardiac 
nerves.  The  cardiac  nerves  are  three  in  number;  they  arise  from  the  three 
cervical  ganglia,  and  are  distributed  to  a  large  and  important  organ  in  the  thoracic 
cavity.  The  splanchnic  nerves,  also  three  in  number,  are  connected  probably  with 
all  the  dorsal  ganglia,  and  are  distributed  to  important  organs  in  the  abdominal 
cavity. 

The  Lumbar  Portion  of  the  Gangliated  Cord. 

The  lumbar  portion  of  the  gangliated  cord  is  situated  in  front  of  the  vertebral 
column  along  the  inner  margin  of  the  Psoas  muscle.  It  consists  usually  of  four 
ganglia,  connected  together  by  interganglionic  cords.  The  ganglia  are  of  small 
size,  of  a  grayish  color,  shaped  like  a  barleycorn,  and  placed  much  nearer  the 
median  line  than  the  thoracic  ganglia. 

The  superior  and  inferior  branches  of  the  lumbar  ganglia  serve  as  communi- 
cating branches  between  the  chain  of  ganglia  in  this  region.  They  are  usually 
single  and  of  a  white  color. 

The  external  branches  communicate  with  the  lumbar  spinal  nerves.  From  the 
situation  of  the  lumbar  ganglia  these  branches  are  longer  than  in  the  other  regions. 
They  are  usually  two  in  number  from  each  ganglion,  but  their  connection  with  the 
spinal  nerves  is  not  so  uniform  as  in  other  regions.  They  accompany  the  lumbar 
arteries  around  the  sides  of  the  bodies  of  the  vertebrae,  passing  beneath  the  fibrous 
arches  from  which  some  of  the  fibres  of  the  Psoas  muscle  arise. 

Of  the  internal  branches^  some  pass  inward,  in  front  of  the  aorta,  and  help  to 
form  the  aortic  plexus.  Other  branches  descend  in  front  of  the  common  iliac 
arteries,  and  join  over  the  promontory  of  the  sacrum,  helping  to  form  the  hypo- 
gastric plexus.  Numerous  delicate  filaments  are  also  distributed  to  the  bodies  of 
the  vertebrae  and  the  ligaments  connecting  them. 


836  THE  NERVOUS  SYSTEM, 

Pelvic  Portion  of  the  Oangliated  Cord. 

The  pelvic  portion  of  the  gangliated  cord  is  situated  in  front  of  the  sacrum 
along  the  inner  side  of  the  anterior  sacral  foramina.  It  consists  of  four  or  five 
small  ganglia  on  each  side,  connected  together  by  interganglionic  cords.  Below, 
these  cords  converge  and  unite  on  the  front  of  the  coccyx  by  means  of  a  small 
ganglion  (the  coccygeal  ganglion  or  ganglion  impar). 

The  superior  and  inferior  branches  are  the  cords  of  communication  between  the 
ganglia  above  and  below. 

The  external  branches^  exceedingly  short,  communicate  with  the  sacral  nerves. 
They  are  two  in  number  from  each  ganglion.  The  coccygeal  nerve  communicates 
either  with  the  last  sacral  or  coccygeal  ganglion. 

The  internal  branches  communicate,  on  the  front  of  the  sacrum,  with  the 
corresponding  branches  from  the  opposite  side ;  some,  from  the  first  two  ganglia, 
pass  to  join  the  pelvic  plexus,  and  others  form  a  plexus  which  accompanies  the 
middle  sacral  artery  and  sends  filaments  to  the  coccygeal  gland. 

THE  QEEAT  PLEXUSES  OF  THE  SYMPATHETIC. 

The  great  plexuses  of  the  sympathetic  are  the  large  aggregations  of  nerves 
and  ganglia,  above  alluded  to,  situated  in  the  thoracic,  abdominal,  and  pelvic 
cavities  respectively.  From  them  are  derived  the  branches  which  supply  the 
viscera. 

The  Cardiac  Plexus. 

The  cardiac  plexus  is  situated  at  the  base  of  the  heart,  and  is  divided  into  a 
superficial  part,  which  lies  in  the  concavity  of  the  arch  of  the  aorta,  and  a  deep 
party  which  lies  between  the  trachea  and  aorta. 

The  great  or  deep  cardiac  plexus  (plexus  magnus  profundus^  Scarpa)  is 
situated  in  front  of  the  trachea  at  its  bifurcation,  above  the  point  of  division  of 
the  pulmonary  artery  and  behind  the  arch  of  the  aorta.  It  is  formed  by  the 
cardiac  nerves  derived  from  the  cervical  ganglia  of  the  sympathetic  and  the 
cardiac  branches  of  the  recurrent  laryngeal  and  pneumogastric.  The  only  cardiac 
nerves  which  do  not  enter  into  the  formation  of  this  plexus  are  the  left  superior 
cardiac  nerve  and  the  left  inferior  cervical  cardiac  branch  from  the  pneumogastric. 

The  branches  from  the  right  »ide  of  this  plexus  pass,  some  in  front  of,  and 
others  behind,  the  right  pulmonary  artery ;  the  former,  the  more  numerous, 
transmit  a  few  filaments  to  the  anterior  pulmonary  plexus,  and  are  then  continued 
onward  to  form  part  of  the  anterior  coronary  plexus  ;  those  behind  the  pulmonary 
artery  distribute  a  few  filaments  to  the  right  auricle,  and  are  then  continued 
onward  to  form  part  of  the  posterior  coronary  plexus. 

The  branches  from  the  left  side  of  the  deep  cardiac  plexus  distribute  a  few 
filaments  to  the  superficial  cardiac  plexus,  to  the  left  auricle  of  the  heart,  and  to 
the  anterior  pulmonary  plexus,  and  then  pass  on  to  form  the  greater  part  of  the 
posterior  coronary  plexus. 

The  superficial  (anterior)  cardiac  plexus  lies  beneath  the  arch  of  the  aorta,  in 
front  of  the  right  pulmonary  artery.  It  is  formed  by  the  left  superior  ciirdiac 
nerve,  the  left  (and  occasionally  the  right)  inferior  cervical  cardiac  branches  of  the 
pneumogastric,  and  filaments  from  the  deep  cardiac  plexus.  A  small  ganglion 
(cardiac  ganglion  of  Wrisberg)  is  occasionally  found  connected  with  these  nerves 
at  their  point  of  junction.  This  ganglion,  when  present,  is  situated  immediately 
beneath  the  arch  of  the  aorta,  on  the  right  side  of  the  ductus  arteriosus.  The 
superficial  cardiac  plexus  forms  the  chief  part  of  the  anterior  coronary  plexus,  and 
several  filaments  pass  along  the  pulmonary  artery  to  the  left  anterior  pulmonary 
plexus. 

The  posterior  coronary  plexus  is  chiefly  formed  by  filaments  prolonged  from 
the  left  side  of  the  deep  cardiac  plexus,  and  by  a  few  from  the  right  side.  It 
surrounds  the  branches  of  the  coronary  artery  at  the  back  of  the  heart,  and  its 
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filaments  are  distributed  with  those  vessels  to  the  muscular  substance  of  the 
ventricles. 

The  anterior  coronary  plexus  is  formed  chiefly  from  the  superficial  cardiac 
plexus,  but  receives  filaments  from  the  deep  cardiac  plexus.  Passing  forward 
between  the  aorta  and  pulmonary  artery,  it  accompanies  the  left  coronary  artery 
on  the  anterior  surface  of  the  heart. 

Valentin  has  described  nervous  filaments  ramifying  under  the  endocardium  ; 
and  Remak  has  found,  in  several  mammalia,  numerous  small  ganglia  on  the  cardiac 
nerves,  both  on  the  surface  of  the  heart  and  in  its  muscular  substance. 

The  Epigastric  or  Solar  Plexus  (Figs.  473,  475). 

The  Epigastric  or  Solar  plexus  supplies  all  the  viscera  in  the  abdominal  cavity. 
It  consists  of  a  great  network  of  nerves  and  ganglia,  situated  behind  the  stomach 
and  in  front  of  the  aorta  and  crura  of  the  Diaphragm.  It  surrounds  the  coeliac 
axis  and  root  of  the  superior  mesenteric  artery,  extending  downward  as  low  as  the 
pancreas  and  outward  to  the  suprarenal  capsules.  This  plexus,  and  the  ganglia 
connected  with  it,  receive  the  great  splanchnic  nerve  of  both  sides,  and  some 
filaments  from  the  right  pneumogastric.  It  distributes  filaments  which  accompany, 
under  the  name  of  plexuses,  all  the  branches  from  the  front  of  the  abdominal 
aorta. 

The  semilunar  ganglia  of  the  solar  plexus,  two  in  number,  one  on  each  side, 
are  the  largest  ganglia  in  the  body.  They  are  large  irregular  gangliform  masses 
formed  by  the  aggregation  of  smaller  ganglia,  having  interspaces  between  them. 
They  are  situated  in  front  of  the  crura  of  the  Diaphragm,  close  to  the  suprarenal 
capsules :  the  one  on  the  right  side  lies  beneath  the  inferior  vena  cava ;  the  upper 
part  of  each  ganglion  is  joined  by  the  greater  splanchnic  nerve,  and  to  the  inner 
side  of  each  the  branches  of  the  solar  plexus  are  connected. 

From  the  epigastric  or  solar  plexus  are  derived  the  following : 

Phrenic  or  Diaphragmatic  plexus.  (  Gastric  plexus. 

Suprarenal  plexus.  Coeliac  plexus  <  Splenic  plexus. 

Renal  plexus.  (  Hepatic  plexus. 

Spermatic  plexus.  Superior  mesenteric  plexus. 

Aortic  plexus. 

The  phrenic  plexus  accompanies  the  phrenic  artery  to  the  Diaphragm,  which 
it  supplies,  some  filaments  passing  to  the  suprarenal  capsule.  It  arises  from  the 
upper  part  of  the  semilunar  ganglion,  and  is  larger  on  the  right  than  on  the  left 
side.  It  receives  one  or  two  branches  from  the  phrenic  nerve.  In  connection 
with  this  plexus,  on  the  right  side,  at  its  point  of  junction  with  the  phrenic  nerve, 
is  a  small  ganglion  {ganglion  diaphragmaticum).  This  ganglion  is  placed  on  the 
under  surface  of  the  Diaphragm,  near  the  suprarenal  capsule.  Its  branches  are 
distributed  to  the  inferior  vena  cava,  suprarenal  capsule,  and  hepatic  plexus. 
There  is  no  ganglion  on  the  left  side. 

The  suprarenal  plexus  is  formed  by  branches  from  the  solar  plexus,  from  the 
semilunar  ganglion,  and  from  the  phrenic  and  great  splanchnic  nerves,  a  ganglion 
being  formed  at  the  point  of  junction  of  the  latter  nerve.  It  supplies  the  supra- 
renal capsule.  The  branches  of  this  plexus  are  remarkable  for  their  large  size  in 
comparison  with  the  size  of  the  organ  they  supply. 

The  renal  plexus  is  formed  by  filaments  from  the  solar  plexus,  the  outer  part 
of  the  semilunar  ganglion,  and  the  aortic  plexus.  It  is  also  joined  by  filaments 
from  the  lesser  and  smallest  splanchnic  nerves.  The  nerves  from  these  sources, 
fifteen  or  twenty  in  number,  have  numerous  ganglia  developed  upon  them.  They 
accompany  the  branches  of  the  renal  artery  into  the  kidney,  some  filaments  on 
the  right  side  being  distributed  to  the  inferior  vena  cava,  and  others  to  the  sper- 
matic plexus  on  both  sides. 

The  spermatic  plexus  is  derived  from  the  renal  plexus,  receiving  branches  from 
the  aortic  plexus.     It  accompanies  the  spermatic  vessels  to  the  testes. 


THE  NERVOUS  SV^STEif. 


Bapn  mjlioii. 


Fig.  iT.i.— Lumbar  portion  o(  the  gongllatcil  tord,  wllh  tlie  solar  and  hj-pogMtrlc  pleiuses.    (After  ilenl*.! 

In  the  female  the  ovariaa  plexus  is  ilistributed  to  the  ovaries  and  fundus  of  ihe 
uterus. 

The  cceliac  plexna,  of  large  size,  is  a  direct  continuation  from  the  solar  plexus  : 
it  surrounds  the  cocliac  axis  and  subdivides  into  the  gastric,  hepatic,  and  splenic 
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plexuses.    It  receives  branches  from  the  lesser  splanchnic  nerves,  and,  on  the  left 
side,  a  filament  from  the  right  pneumogastric. 

The  gastric  or  coronary  plexus  accompanies  the  gastric  artery  along  the  lesser 
curvature  of  the  stomach,  and  joins  with  branches  from  the  left  pneumogastric 
nerve.     It  is  distributed  to  the  stomach. 

The  hepatic  plexus^  the  largest  offset  from  the  coeliac  plexus,  receives  filaments 
from  the  left  pneumogastric  and  right  phrenic  nerves.  It  accompanies  the  hepatic 
artery,  ramifying  in  the  substance  of  the  liver  upon  its  branches  and  upon  those 
of  the  vena  portae. 

Branches  from  this  plexus  accompany  all  the  divisions  of  the  hepatic  artery. 
Thus  there  is  a  pyloric  plexus  accompanying  the  pyloric  branch  of  the  hepatic, 
which  joins  with  the  gastric  plexus  and  pneumogastric  nerves.  There  is  also  a 
gastro-duodenal  plexus,  which  subdivides  into  the  pancreatico-duodenal  plexus, 
which  accompanies  the  pancreatico-duodenal  artery,  to  supply  the  pancreas  and 
duodenum,  joining  with  branches  from  the  mesenteric  plexus ;  and  a  gastro-epi- 
ploic  plexus^  which  accompanies  the  right  gastro-epiploic  artery  along  the  greater 
curvature  of  the  stomach  and  anastomoses  with  branches  from  the  splenic  plexus. 
A  cystic  plexus,  which  supplies  the  gall-bladder,  also  arises  from  the  hepatic  plexus 
near  the  liver. 

The  splenic  plexus  is  formed  by  bjanches  from  the  coeliac  plexus,  the  left  semi- 
lunar ganglia,  and  from  the  right  pneumogastric  nerve.  It  accompanies  the 
splenic  artery  and  its  branches  to  the  substance  of  the  spleen,  giving  off,  in  its 
course,  filaments  to  the  pancreas  {pancreatic  plexus)  and  the  left  gastro-epiploic 
plexus,  which  accompanies  the  gastro-epiploica  sinistra  artery  along  the  convex 
border  of  the  stomach. 

The  superior  mesenteric  plexus  is  a  continuation  of  the  lower  part  of  the  great 
solar  plexus,  receiving  a  branch  from  the  junction  of  the  right  pneumogastric 
nerve  with  the  coeliac  plexus.  It  surrounds  the  superior  mesenteric  artery,  which  it 
accompanies  into  the  mesentery,  and  divides  into  a  number  of  secondary  plexuses, 
which  are  distributed  to  all  the  parts  supplied  by  the  artery — viz.  pancreatic  branches 
to  the  pancreas ;  intestinal  branches,  which  supply  the  whole  of  the  small  intestine ; 
and  ileo-colic,  right  colic,  and  middle  colic  branches,  which  supply  the  correspond- 
ing parts  of  the  great  intestine.  The  nerves  composing  this  plexus  are  white  in 
color  and  firm  in  texture,  and  have  numerous  ganglia  developed  upon  them  near 
their  origin. 

The  aortic  plexus  is  formed  by  branches  derived,  on  each  side,  from  the  solar 
plexus  and  the  semilunar  ganglia,  receiving  filaments  from  some  of  the  lumbar 
ganglia.  It  is  situated  upon  the  sides  and  front  of  the  aorta,  between  the  origins 
of  the  superior  and  inferior  mesenteric  arteries.  From  this  plexus  arise  part  of 
the  spermatic,  the  inferior  mesenteric,  and  the  hypogastric  plexuses ;  and  it  dis- 
tributes filaments  to  the  inferior  vena  cava. 

The  inferior  mesenteric  plexus  is  derived  chiefly  from  the  left  side  of  the  aortic 
plexus.  It  surrounds  the  inferior  mesenteric  artery,  and  divides  into  a  number  of 
secondary  plexuses,  which  are  distributed  to  all  the  parts  supplied  by  the  artery — 
viz.  the  left  colic  and  sigmoid  plexuses,  which  supply  the  descending  and  sigmoid 
flexure  of  the  colon ;  and  the  superior  haemorrhoidal  plexus,  which  supplies  the 
upper  part  of  the  rectum  and  joins  in  the  pelvis  with  branches  from  the  pelvic 
plexus. 

The  Hypogastric  Plexus. 

The  Hypogastric  Plexus  supplies  the  viscera  of  the  pelvic  cavity.  It  is  situated 
in  front  of  the  promontory  of  the  sacrum,  between  the  two  common  iliac  arteries, 
and  is  formed  by  the  union  of  numerous  filaments,  which  descend  on  each  side 
from  the  aortic  plexus  and  from  the  lumbar  ganglia.  This  plexus  contains  no 
ganglia,  and  bifurcates,  below,  into  two  lateral  portions,  which  form  the  pelvic 
plexuses. 
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The  Pelvic  Plexus. 

The  Pelvic  Plexus  (sometimes  called  inferior  hypogastric)  supplies  the  viscera 
of  the  pelvic  cavity,  is  situated  at  the  side  of  the  rectum  and  bladder  in  the  male, 
and  at  the  side  of  the  rectum,  vagina,  and  bladder  in  the  female.  It  is  formed  by 
a  continuation  of  the  hypogastric  plexus,  by  branches  from  the  second,  third,  and 
fourth  sacral  nerves,  and  by  a  few  filaments  from  the  first  two  sacral  ganglia.  At 
the  point  of  junction  of  these  nerves  small  ganglia  are  found.  From  this  plexus 
numerous  branches  are  distributed  to  all  the  viscera  of  the  pelvis.  They  accom- 
pany the  branches  of  the  internal  iliac  artery. 

The  inferior  hsBmorrhoidal  plexus  arises  from  the  back  part  of  the  pelvic 
plexus.  It  supplies  the  rectum,  joining  with  branches  of  the  superior  haemor- 
rhoidal  plexus. 

The  vesical  plexus  arises  from  the  fore  part  of  the  pelvic  plexus.  The  nerves 
composing  it  are  numerous,  and  contain  a  large  proportion  of  spinal  nerve-fibres. 
They  accompany  the  vesical  arteries,  and  are  distributed  at  the  side  and  base  of 
the  bladder.  Numerous  filaments  also  pass  to  the  vesiculae  seminales  and  vas 
deferens ;  those  accompanying  the  vas  deferens  join,  on  the  spermatic  cord,  with 
branches  from  the  spermatic  plexus. 

The  prostatic  plexus  is  continued  from  the  lower  part  of  the  pelvic  plexus. 
The  nerves  composing  it  are  of  large  size.  They  are  distributed  to  the  pros- 
tate gland,  vesiculae  seminales,  and  erectile  structure  of  the  penis.  The  nerves 
supplying  the  erectile  structure  of  the  penis  consist  of  two  sets,  the  small  and 
large  cavernous  nerves.  They  are  slender  filaments,  which  arise  from  the  fore 
part  of  the  prostatic  plexus,  and,  after  joining  with  branches  from  the  internal 
pudic  nerve,  pass  forward  beneath  the  pubic  arch. 

The  small  cavernous  yierves  perforate  the  fibrous  covering  of  the  penis  near  its 
roots. 

The  large  cavernous  nerve  passes  forward  along  the  dorsum  of  the  penis, 
joins  with  the  dorsal  branch  of  the  pudic  nerve,  and  is  distributed  to  the  corpus 
cavernosum  and  spongiosum. 

The  vaginal  plexus  arises  from  the  lower  part  of  the  pelvic  plexus.  It  is  lost 
on  the  walls  of  the  vagina,  being  distributed  to  the  erectile  tissue  at  its  anterior 
part  and  to  the  mucous  membrane.  The  nerves  composing  this  plexus  contain, 
like  the  vesical,  a  large  proportion  of  spinal  nerve-fibres. 

The  uterine  plexus  arises  from  the  upper  part  of  the  pelvic  plexus  above  the 
point  where  the  branches  from  the  sacral  nerves  join  the  plexus.  Its  branches 
accompany  the  uterine  arteries  to  the  side  of  the  organ  between  the  layers  of  the 
broad  ligament,  and  are  distributed  to  the  cervix  and  lower  part  of  the  body  of  the 
uterus,  penetrating  its  substance. 

Other  filaments  pass  separately  to  the  body  of  the  uterus  and  Fallopian  tube. 

Branches  from  the  plexus  accompany  the  uterine  arteries  into  the  substance 
of  the  uterus.     Upon  these  filaments  ganglionic  enlargements  are  found. 


THE  ORGANS  OF  SENSE. 


THE  Organs  of  the  Senses  are  five  io  number — viz.  those  of  Touch,  of  Taate,  of 
Smell,  of  Hearing,  and  of  Sight.     The  akin,  which  is  the  principal  seat  of  the 
sense  of  touch,  has  been  described  in  the  chapter  on  General  Anatomy. 

THE  TONOUE. 

The  Tongne  is  the  organ  of  the  special  sense  of  taste.  It  is  situated  in  the 
floor  of  the  mouth,  in  the  interval  between  the  two  lateral  portions  of  the  body  of 
the  lower  jaw. 

Its  base  or  root  is  directed  backward,  and  connected  with  the  os  hyoides  by 
the  Hyo-glossi  and  Genio-hyo-glossi  muscles  and  the  hyo-glossal  membrane ;  with 
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the  epiglottis  by  three  folds  of  mucous  membrane  which  form  the  glo»90-epiglottic 
Iv/aments ;  with  the  soft  palate  by  means  of  the  anterior  pillars  of  the  fauces ; 
and  with  the  pharynx  by  the  Superior  constrictor  and  the  mucous  membrane.  Its 
apex  or  tip,  thin  and  narrow,  is  directed  forward  against  the  inner  surface  of  the 
lower  incisor  teeth.  The  under  surface  of  the  tongue  is  connected  with  the  lower 
jaw  by  the  Genio-hyo-glossi  muscles;  from  its  sides  the  mucous  membrane  is 
reflected  to  the  inner  surface  of  the  gums;  and  in  front  a  distinct  fold  of  that 
membrane,  the  frfenum  lingute,  is  formed  beneath  its  under  surface. 
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The  tip  of  the  tongue,  part  of  the  under  surface,  its  sides  and  dorsum,  are 
free. 

The  dorsum  of  the  tongue  is  convex,  marked  along  the  middle  line  by  a  ra))he, 
which  divides  it  into  symmetrical  halves;  this  raphe  terminates  behind,  about 
an  inch  from  the  base  of  the  organ,  in  a  depression,  the  foramen  ncerum.  The 
anterior  two-thirds  of  this  surface  are  rough  and  covered  with  papilla  ;  the  posterior 
third  is  smoother,  and  covered  by  the  projecting  orifices  of  numerous  muciparous 
glands. 

Stmctureof  the  Tongue. — The  tongue  is  partly  invested  bv  mucous  membrane 
and  a  submucous  fibrous  layer.  It  consists  of  symmetrical  halves,  separated  from 
each  other,  in  the  middle  line,  by  a  fibrous  septum.  Each  half  is  composed  of 
muscular  fibres  arranged  in  various  directions,  containing  much  interposed  fat,  and 
supplied  by  vessels  and  nerves. 

The  muconB  membrana  invests  the  entire  extent  of  the  free  surface  of  the 
tongue.  On  the  dorsum  it  is  thicker  behind  than  in  front,  and  is  continuous  with 
the  sheath  of  the  muscles  attached  to  it,  through  the  submucous  fibrous  layer. 
On  the  under  surface  of  the  organ  it  can  be  traced  on  each  aide  of  the  fraenum 
through  the  ducts  of  the  submaxillary  and  the  sublingual  glands.  As  it  passes 
over  the  borders  of  the  organ  it  gradually  assumes  its  papillary  character. 

The  structure  of  the  mncons  membrane  of  the  ton^e  differs  in  different  parts. 
That  covering  the  under  surface  of  the  organ  is  thin,  smooth,  and  identical  in 
structure  with  that  lining  the  rest  of  the  oral  cavity.  The  mucous  membrane  on 
the  anterior  part  of  the  dorsum  of  the  tongue  is  thin  and  intimately  adherent  to 
the  muscular  tissue,  whilst  that  at  the  root  is  much  thicker  and  looser.     It  consists 
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of  a  layer  of  connective  tissue,  the  corium  or  mitcosa,  supporting  numerous  papiUie 
and  covered,  as  well  as  the  papillfe,  with  epithelium. 

The  epithelium  is  of  the  scaly  variety,  like  that  of  the  epidermis.  It  covers  the 
free  surface  of  the  tongue,  as  may  be  easily  demonstrated  by  maceration  or  boiling, 
when  it  can  be  easily  detached  entire :  it  is  much  thinner  than  on  the  skin  :  the 
intervals  between  the  large  papillae  are  not  filled  up  by  it,  but  each  papilla  baa 
a  separate  investment  from  root  to  summit.  The  deepest  cells  may  sometimes 
be  detached  as  a  separate  layer,  corresponding  to  the  rete  mucosum,  but  they 
never  contain  coloring  matter. 

The  corium  consists  of  a  dense  feltwork  of  fibrous  connective  tissue,  with 
numerous  elastic  fibres,  firmly  connected  with  the  fibrous  tissue  forming  the  septa 
between  the  muscular  bundles  of  the  tongue.  It  contains  the  ramifications  of  the 
numerous  vessels  and  nerves  from  which  the  papillse  are  supplied,  large  plexuses 
of  lymphatic  vessels,  and  the  glands  of  the  tongue. 

The  Papilla!  of  the  Ton>]iie. — These  are  papillary  projections  of  the  corium. 
They  are  thickly  distributed  over  the  anterior  two-thirds  of  its  upper  surface,  giving 
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to  it  its  characteristic  roughness.  The  varieties  of  papillse  met  with  are — the 
papillae  mazimse  (circumvallatw),  papillae  medise  {fungiformet),  papillae  minimse 
[eonicce  or  filiformes),  and  papillse  simplices. 

The  papillce  maximw  (circumvallatie)  are  of  large  size,  and  vary  from  eight  to 
twelve  in  number.  They  are  situated  at  the  back  part  of  tbe  dorsum  of  the  tongue, 
near  its  base,  forming  a  row  on  each  side,  which,  running  backward  and  inward, 
meet  in  the  middle  line,  like  the  two  lines  of  the  letter  V  inverted.  Each  papilla 
consists  of  a  projection  of  mucous  membrane  from  ^  to  -^^  of  an  inch  wide, 
attached  to  the  bottom  of  a  cup-shaped  depression  of  the  mucous  membrane;  the 
papilla  is  in  shape  like  a  truncated  cone,  the  smaller  end  being  directed  down- 
ward and  attached  to  the  tongue,  the  broader  part  or  base  projecting  on  the  sur- 
face and  being  studded  with  numerous  small  secondary  papillae,  which,  however, 
are  covered  by  a  smooth  layer  of  the  epithelium.  The  cup-shaped  depression 
forms  a  kind  of  fossa  round  the  papilla,  having  a  circular  margin  of  about  the 
same  elevation  covered  with  smaller  papillse.  At  the  point  of  junction  of  the  two 
rows  of  papilla  is  tbe  deep  depression,  theforai»en  ccecuni,  mentioned  above. 

The  papillcB  medice  (fungiformes),  more  numerous  than  the  preceding,  are 
scattered  irregularly  and  sparingly  over  the  dorsum  of  the  tongue,  but  are  found 
chiefly  at  its  sides  and  apex.  They  are  easily  recognized  among  the  other 
papillae,  by  their  large  size,  rounded  eminences,  and  deep-red  color.  They  are 
narrow  at  their  attachment  to  the  tongue,  but  broad  and  rounded  at  their  free 
extremities,  and  covered  with  secondary  papUlte.  Their  epithelial  investment  is 
very  thin. 

The  papilhe  mimmcs  (conicae  or  filiformes)  cover  the  anterior  two-thirds  of  the 
dorsum  of  the  tongue.  They  are  very  mi- 
nute, more  or  leas  conical  or  filiform  in  shape, 
and  arranged  in  lines  corresponding  in  di- 
rection with  tbe  two  rows  of  the  papiilie  eir- 
cumvallatK,  excepting  at  the  apex  of  the 
organ,  where  their  direction  is  transverse. 
They  have  projecting  from  their  apices  nu-  ' 
merous  filiform  processes  or  secondary  pa- 
pillae, which  are  of  a  whitish  tint,  owing  to 
the  thickness  and  density  of  the  epithelium 
of  which  they  are  composed,  and  which  has 
here  undergone  a  peculiar  modification  tbe 
cells  having  become  cornified  and  elongated 
into  dense,  imbricated,  brush-like  processes 
They  contain  also  a  number  of  elastic  fibres 
which  render  them  firmer  and  more  elastic 
than  the  papilla  of  mucous  membrane  sen 

1,  '^    "^  °  Fo   4*8— ClrcamTallMepftplllie  or  longue 

erally.  or  m  b<l   Eh     ins  position  of  taate-in>ble(9 

Simple  papiU.^,  similar  to  those  of  the     T-Si'^.U  V  ^Cn\ef u'^Sil'd  if'",^'.nl 

skin,  cover  the  whole  of  the  mucous  mem      ^P'M'uecuiar  niire*"  '^  duuwed  ner  e 

braoe  of  the  tongue,  as  well  as  the  larger 

papillfe.  They  consist  of  closely-set  microscopic  elevations  of  the  corium  con 
taining  a  capillary  loop,  covered  by  a  la>er  of  epithelium 

Structure  of  the  Papillce. — The  papill'e  apparently  resemble  in  structure  those 
of  the  cutis,  consisting  of  a  cone-shaped  projection  of  connective  tissue,  covered 
with  a  thick  layer  of  squamous  epithelium,  and  contain  one  or  more  capillary 
loops,  amongst  which  nerves  are  distributed  in  great  abundance.  If  the  epithe- 
lium is  removed,  it  will  be  found  that  they  are  not  simple  elevations  like  the 
papillae  of  the  skin,  for  the  surface  of  each  is  studded  with  minute  conical  pro- 
cesses of  the  mucous  membrane,  which  form  secondary  papillje  (Todd  and  Bow- 
man). In  the  papillie  circumvallatie  the  nerves  are  numerous  and  of  large  size; 
in  the  papillae  fungiformes  they  are  also  numerous,  and  terminate  in  a  plexiform 
Detwork.  from  which  brush-like  branches  proceed  ;   in  the  papillse  filifonnes  their 
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mode  of  termination  is  unceitain.  Buried  in  the  epidermis  of  (he  papillee  circum- 
vallatfe,  and  in  some  of  the  fungiformes,  certain  peculiar  bodies  called  ta»te-gob- 
lets  have  been  described.'  They  are  flask-like  in  shape,  their  broad  base  resting 
on  the  corium.  and  their  neck  opening  by  an  orifice  between  the  cells  of  the  epi- 
thelium. They  are  formed  by  two  kinds  of  ceils:  the  external  (cortical)  are 
arranged  in  several  layers ;  they  are  long  and  flattened,  with  tapering  ends,  and 
in  contact  by  their  edges,  the  tapering  extremities  extending  from  the  haae  to 
the  apex  of  the  organ.  They  thus  enclose  the  central  cells  (gustatory  cells), 
which  are  spindle-shaped  and  have  a  large  spherical  nucleus  about  the  middle  of 
the  cell.  Both  extremities  are  filamentous;  the  inner  process  is  described  as 
continuous  with  the  terminal  fibril  of  a  nerve,  while  the  outer  one  projects  as  an 

extremely  fine  hair  through  the  orifice  of  the  taate- 

goblet.* 

Glands  of  the  Tongue. — The  tongue  is  provided 

with   mucous    and    serous    glands    and   lymphoid 

follicles. 

The  mucous  glands  are  similar  in  structure  to 

the  labial  and  buccal  glands.     They  are  found  all 

over  the  surface  of  the  mucous  membrane  of  the 

tongue,  especially  at  the  back  part,  behind  the  cir- 

cumvallate  papillee,  but  also  at  the  apex  and  mar- 
„         b       ginal  parts.     In   connection  with    these   glands  a 

special  one  has  been  described  by  Blandtn  and 
tmi^eii/^rcortSfMi!."'   "■  '^'''     N''^n-     I'  i«  situated  near  the  apex  of  the  tongue 

on  either  side  of  the  freenum,  and  is  covered  over 
by  a  fasciculus  of  muscular  fibre  derived  from  the  Styio-glossus  and  Inferior 
lingualis.  It  is  from  half  an  inch  to  nearly  an  inch  long  and  about  the  third  of 
an  inch  broad.  It  has  from  four  to  six  ducts,  which  open  on  the  under  surface 
of  the  apex. 

The  seroia  glands  occur  only  at  the  back  of  the  tongue  in  the  neighborhood 


Fin.  4WI.— t'nder  surflice  of  tnnin>c,  showtni:  position  and  relations  of  gland  of  Blandin  and  Nubn.    (From 
a  prcparutiun  In  the  Musuum  or  Ilii.'  Kuyul  College  of  .Surgeons.) 

of  the  taste-goblets,  their  ducts  opening  for  the  most  part  into  the  fossse  of  the 
circumvallate  papilliB.  These  glands  are  racemose,  the  duct  branching  into  sev- 
eral minute  ducts,  which  terminate  in  alveoli  lined  by  a  single  layer  of  more  or 
less  columnar  epithelium.     Their  sccietiim  is  of  a  watery  nature,  and  probably 

'  These  bodies  nra  also  foiinil  in  considerable  numbers  at  the  side  of  the  base  of  the  tongue,  just 
in  front  of  ihennierior  pillars  of  the  fiiiKts. 

'  See  Kngleraann,  in  Strieker's  Handbook  (.Yew  .%d  Sor.  Tixim.),  vol.  iii.  p.  2. 
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assists  iQ  the  distribution  of  the  substance  to  be  tasted  over  the  taste-area 
(Ebner). 

The  Lymphoid  Follicles. — The  lymphoid  tissue  is  situated,  for  the  most  part  at 
the  back  of  the  tongue,  between  the  epiglottis  and  the  circum vallate  papillse,  and 
is  collected  at  numerous  points  into  distinct  masses  known  as  lymphoid  follicles. 
Here  and  there  in  this  situation  are  depressions  in  the  mucous  membrane, 
surrounded  by  nodules  of  lymphoid  tissue,  similar  to  the  structure  found  in  the 
tonsil :  into  them  open  some  of  the  ducts  of  the  mucous  glands. 

the  jibrou*  septum  wn&Xats  of  a  vertical  layer  of  fibrous  tissue,  extending 
throughout  the  entire  length  of  the  middle  line  of  the  tongue,  from  the  base  to  the 


Ftg.  -tsi.— Under  eurfcee  of  the  lorKue.  showing  the  distribution  of  nervea  to  this  organ.  (From  a  prepara- 
Ilon  Id  the  Muaeum  ofllie  Rojal  CoUegc  uf  Surgeoiis.) 

apex,  though  not  quite  reaching  the  dorsum.  '  It  is  thicker  behind  than  in  front, 
and  occasionally  contains  a  small  fibro-cartilage  about  a  quarter  of  an  inch  in 
length.     It  is  well  displayed  by  making  a  vertical  section  across  the  organ. 

The  H^o-gloaaal  membrane  is  a  strong  fibrous  lamina  which  connects  the 
under  surface  of  the  base  of  the  tongue  to  the  body  of  the  hyoid  bone.  This 
membrane  receives,  in  front,  some  of  the  fibres  of  the  Genio-hyo-glossi, 

Vessels  of  the  Tongue, — The  arteries  of  the  tongue  are  derived  from  the  lingual, 
the  facial,  and  ascending  pharyngeal.  The  reins  of  the  tongue  accompany  the 
arteries. 

HosclsB  of  the  Tongne. — The  muscular  fibres  of  the  tongue  run  in  various 
directions.     These  fibres  are  divided  into  two  sets.  Extrinsic  and  Intrinsic. 

The  £xlrin»ic  museles  of  the  tunyue  are  those  which  have  their  origin  external 
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to  it,  and  only  their  terminal  fibres  contained  in  the  substance  of  the  organ.  They 
are  the  Stylo-glossus,  the  Hyo-glossus,  the  Palato-glossus,  the  Genio-hyo-glossus, 
and  part  of  the  Superior  constrictor  of  the  pharynx  (Pharyngo-glossus). 

The  Intrinsic  muscles  are  those  which  are  contained  entirely  within  the  tongue 
and  form  the  greater  part  of  its  substance.  Both  sets  have  been  already  described 
(page  417). 

The  lymphatic  vessels  from  the  tongue  pass  to  one  or  two  small  glands  situated 
on  the  Hyo-glossus  muscle  in  the  submaxillary  region,  and  from  thence  to  the  deep 
glands  of  the  neck. 

The  nerves  of  the  tongue  are  four  in  number  in  each  half:  the  lingual  branch 
of  the  fifth,  which  is  distributed  to  the  papillae  at  the  fore  part  and  sides  of  the 
tongue ;  the  lingual  branch  of  the  glosso-pharyngeal,  which  is  distributed  to  the 
mucous  membrane  at  the  base  and  side  of  the  tongue  and  to  the  papillae  circum- 
vallatae ;  the  hypoglossal  nerve,  which  is  distributed  to  the  muscular  substance 
of  the  tongue ;  and  the  chorda  tympani  to  the  Lingualis  muscle.  Sympathetic 
filaments  also  pass  to  the  tongue  from  the  nervi  moUes  on  the  lingual  and  other 
arteries  supplying  it.  The  glosso-pharyngeal  branch  is  the  special  nerve  of  the 
sense  of  taste,  the  lingual  (gust-atory)  is  the  nerve  of  common  sensation,  and  the 
hypoglossal  is  the  motor  nerve  of  the  tongue,  except  for  the  Inferior  lingualis, 
which  is  supplied  by  the  chorda  tympani. 

Surgical  Anatomy. — ^The  diseases  to  which  the  tongue  is  liable  are  numerous,  and  its 
surgical  anatomy  of  importance,  since  any  or  all  the  structures  of  which  it  is  composed — muscles, 
connective  tissue,  mucous  membrane,  glands,  vessels,  nerves,  and  lymphatics — may  be  the  seat 
of  morbid  changes.  It  is  not  often  the  seat  of  congenital  defects,  though  a  few  cases  of  vertical 
cleft  have  been  recorded,  and  it  is  occasionally,  though  much  more  rarely  than  is  commonly  sup- 
posed, the  seat  of  *' tongue-tie,"  from  shortness  of  the  fitenum.     (See  page  556.) 

There  is,  however,  one  condition  which  must  be  regarded  as  congenital,  though  it  does  not 
sometimes  evidence  itself  until  a  year  or  two  after  birth,  which  is  not  uncommon.  This  is  an 
enlargement  of  the  tongue  which  is  due  primarily  to  a  dilatation  of  the  lymph-channels  and  a 
greatly  increased  development  of  the  lymphatic  tissue  throughout  the  tongue.  This  is  often 
aggravated  by  inflammator}'  changes  induced  by  irgury  or  exposure,  and  the  tongue  may  assume 
enormous  dimensions  and  hang  out  of  the  mouth,  giving  the  child  an  imbecile  expression.  The 
treatment  consists  in  excising  a  V-shaped  portion  and  bringing  the  cut  surfaces  together  with 
deeply-placed  silver  sutures.  Compression  has  been  resorted  to  in  some  cases  and  with  success, 
but  it  is  difficult  to  apply.  Acute  inflammation  of  the  tongue,  which  may  be  caused  by  injury 
and  the  introduction  of  some  septic  or  irritating  matter,  is  attended  by  great  swelling  mm 
infiltration  of  its  connective  tissue,  which  is  in  considerable  quantity.  This  renders  the  patient 
incapable  of  swallowing  or  speaking,  and  may  seriously  impede  respiration.  It  may  run  on  to 
suppuration  and  the  formation  of  an  acute  abscess.  Chronic  abscess,  which  has  been  mistaken 
for  cancer,  may  also  occur  in  the  substance  of  the  tongue. 

The  mucous  membrane  of  the  tongue  may  become  chronically  inflamed,  and  presents 
different  appearances  in  different  stages  of  the  disease,  to  which  the  terms  leucoplakia,  psoriasis, 
and  ichthyosis  have  been  given. 

The  tongue,  being  very  vascular,  is  often  the  seat  of  naevoid  growths,  and  these  have  a  tend- 
ency to  grow  rapidly. 

The  tongue  is  freauently  the  seat  of  ulceration,  which  may  arise  from  many  causes,  as  fix>m 
the  irritation  of  jaggea  teeth,  dyspepsia,  tubercle,  syphilis,  and  cancer.  Of  these  the  cancerous 
ulcer  is  the  most  important,  and  prooably  also  the  most  common.  The  variety  is  the  squamous 
epithelioma,  which  soon  develops  into  an  ulcer  with  an  indurated  base.  It  produces  great  pain, 
which  speedily  extends  to  all  parts  supplied  with  sensation  by  the  fifth  nerve,  especially  to  the 
region  of  the  ear.  The  pain  m  these  cases  is  conducted  to  the  ear  and  temporal  region  by  the 
lingual  nerve,  and  from  it  to  the  other  branches  of  the  inferior  maxillary  nerve,  especially  the 
auriculo- temporal.  Possibly  pain  in  the  ear  itself  may  be  due  to  implication  of  the  fibres  of 
the  glosso-pharyngeal  nerve,  which  by  its  tympanic  branch  is  conducted  to  the  t>Tn panic  plexus. 

Cancer  of  the  tongue  may  necessitate  removal  of  a  part  or  the  whole  of  the  organ,  and 
many  different  methods  have  been  adopted  for  its  excision.  It  may  be  removed  from  the  mouth 
by  the  ecraseur  or  the  sciss<>rs.  I^robably  the  better  method  is  by  the  scissors,  usually  known 
as  Whitehead's  method.  The  mouth  is  widely  opened  with  a  gag,  the  tongue  transfixed  with  a 
stout  silk  ligature,  by  which  to  hold  and  make  tniction  on  it  and  the  reflection  of  mucous  mem- 
brane from  the  tongue  to  the  jaw,  and  the  insertion  of  the  Genio-hyo-glossus  first  divided  with 
a  pair  of  curved  blunt  scissors.  The  Palato-glossus  is  also  divided.  The  tongue  can  now  be 
pulled  well  out  of  the  mouth.  The  base  of  the  tongue  is  cut  through  by  a  series  of  short  snips, 
each  bleeding  vessel  being  dealt  with  as  soon  as  divided,  until  the  situation  of  the  ranine  artery 
is  reached.  The  remaining  undivided  portion  of  tissue  is  to  be  seized  with  a  pair  of  Wells's 
forceps,  the  tongue  removed,  and  the  vessel  secured.     In  the  event  of  the  ranine  arterj'  being 
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■ivident&lly  iiynred  haemorrhage  can  be  at  once  controlled  by  passing  two  fingers  over  the  doraum 
nf  the  tongue  as  far  as  the  epiglottis  and  dragging  the  root  of  the  tongue  forcibly  forward. 

In  cases  where  the  disease  is  confined  to  one  side  of  the  tongue  this  operation  may  be 
modified  hy  splitting  the  tongue  down  the  centre  and  removing  only  the  affected  half.  In 
cases  where  the  submaiillary  glands  are  iuvolved  Kocher's  operation  should  be  performed. 
Kc  removes  the  tongue  from  the  neck,  having  peribrmed  a  preliminary  tracheotomy,  hy  an  incis- 
ion from  near  the  loonle  of  the  ear,  down  the  aTilerior  border  of  the  Stemo-mastoid  to  the  level 
of  the  great  comu  of  the  hyoid  bone,  then  forward  to  the  body  of  the  hyoid  hone,  and  upward 
to  near  the  symphysis  of  the  jaw.  The  lingual  artery  is  now  secured,  and  by  a  careful  uiaaec- 
lion  the  submaxillary  lymphatic  glands  and  tne  tongue  removed,  K«anoli  advocated  the  removal 
of  the  tongue  h^  a  semilunar  incision  in  the  submaxillary  triangle  along  the  line  of  the  lower 

giF,  and  a  vertical  incision  from  the  centre  of  the  semilunar  one  backward  to  the  hyoid  bone. 
ire  must  be  taken  not  to  carry  the  first  incision  Coo  far  backward,  so  a.s  to  wound  the  facial 
arteries.  The  tongue  is  thus  reached  through  the  floor  of  the  mouth,  pulled  out  through  the 
external  incision,  and  removed  with  the  4craseur  or  knife.  The  great  objection  to  this  operation 
ia  that  all  the  muscles  which  raise  the  hyoid  bone  and  larynx  are  divided,  and  that  therefore  the 
movements  of  deglutition  and  respiration  are  interfered  with. 

Finally,  where  both  sides  of  the  floor  of  the  mouth  arc  involved  in  the  disease,  or  where 
vert'  free  acc«ss  is  required  on  account  of  the  extension  backward  of  the  disease  to  the  pillars 
uf  (he  fauces  and  the  tonsil,  or  where  the  lower  jaw  is  involved,  the  operation  recommended  by 
Synie  must  be  performed.  This  is  done  by  an  incision  through  the  central  line  of  the  lip,  across 
ine  chin,  and  down  as  far  aa  the  hyoid  bone.  The  lower  jaw  is  sawn  through  at  the  sjTnphysiH, 
and  the  two  halves  of  the  bone  forcibly  separated  from  each  other.  The  mucous  membrane  is 
sefwrated  from  the  bone,  and  the  Genio-hyo-glossi  detached  from  the  bone,  and  the  Hyo-glossi 
divided.  The  tongue  ia  then  drawn  forward  and  removed  close  to  its  attachment  to  the  hyoid 
bone.  Any  glands  which  are  enlarged  can  be  removed,  and  if  the  bone  is  imi>licated  in  the 
disease,  it  can  also  be  removed  by  freeing  it  from  the  soft  parts  estemally  and  internally,  and 
making  a  second  section  with  the  saw  beyond  the  diseased  part. 

Formerly  many  surgeons  before  removing  the  tongue  performed  a  preliminary  tracheotomy : 
1 1 )  to  prevent  blood  entering  the  air-passages  ;  and  (2)  to  allow  the  patient  to  breathe  through 
the  tube  and  not  inspire  air  which  had  passed  over  a  sloughy  wound,  and  which  was  loaded  with 
septic  organisms  and  likely  to  induce  septic  pneumonia.  By  the  judicious  use  of  iodoform  this 
secondary  evil  may  be  obviated,  and  the  preliminarj'  tracheotomy  ia  now  usually  dispensed  with. 

THE  NOSE. 
The  nose  is  the  special  organ  of  the  sense  of  smell :  by  means  of  the  peculiar 
properties  of  its  nerves  it  protects  the  lungs  from  the  inhalation  of  deleterious 
gases  and  assists  the  organ  of  taste  in  discriminating  the  properties  of  food. 


The  organ  of  smell  consists  of  two  parts^-one  external,  the  nose ;  the  other 
internal,  the  nagalfogta. 

The  no»e  is  the  more  anterior  and  prominent  part  of  the  organ  of  smell.  It  is 
of  a  triangular  form,  directed  vertically  downward,  and  projects  from  the  centre 
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of  the  face  immedi&tely  above  the  upper  lip.  Its  summit  or  root  is  connected 
directly  with  the  forehead.  Its  inferior  part,  the  base  of  the  nose,  presents  two 
elliptical  orifices,  the  nostrils,  separated  from  each  other  by  an  antero-posterior 
septum,  the  cohtmna.  The  margins  of  these  orifices  are  provided  with  a  number 
of  stiff  hairs,  or  vibriesce,  which  arrest  the  passage  of  foreign  substances  carried 
with  the  current  of  air  intended  for  respiration.  The  lateral  surfaces  of  the  nose 
form,  by  their  union,  the  dorsum,  the  direction  of  which  varies  considerably  in 
different  individuals.  The  dorsum  terminates  below  in  a  rounded  eminence,  the 
lohe  of  the  nose. 

The  nose  is  composed  of  a  framework  of  bones  and  cartilages,  the  latter  being 
slightly  acted  upon  by  certain  muscles.  It  is  covered  externally  by  the  integument, 
internally  by  mucous  membrane,  and  supplied  with  vessels  and  nerves. 

The  bony  framework  occupies  the  upper  part  of  the  organ:  it  consists  of  the 
nasal  bones  and  the  nasal  processes  of  the  superior  maxillary. 

The  cartilaginous  framework  consists  of  five  pieces,  the  two  upper  and  the  two 
lower  lateral  cartilages  and  the  cartilage  of  the  septum. 

The  upper  lateral  cartilages  are  situated  below  the  free  margin  of  the  nasal 
bones ;  each  cartilage  is  flattened  and  triangular  in  shape.  Its  anterior  margin  is 
thicker  than  the  posterior,  and  connected  with  the  fibro-cartilage  of  the  septum. 
Its  posterior  margin  is  attached  to  the  nasal  process  of  the  superior  maxillary  and 
nasal  bones.  Its  inferior  margin  is  connected  by  fibrous  tissue  with  the  lower 
lateral  cartilage :  one  surface  is  turned  outward,  the  other  inward  toward  the 
nasal  cavity. 

The  lower  lateral  cartilages  are  two  thin,  flexible  plates  situated  immediately 
below  the  preceding,  and  bent  upon  themselves  in  such  a  manner  as  to  form  the 
inner  and  outer  walls  of  each  orifice  of  the  nostril.    The  portion  which  forms  the 
inner  wall,  thicker  than   the  rest,  is 
loosely  connected  with  the  same  part 
of  the  opposite  cartilage,  and  forms  a 
small  part  of  the  columna.     Its  infe- 
rior  border,   free,  rounded,  and  pro- 
jecting,   forms,    with    the    thickened 
integument  and  subjacent   tissue  and 
^  the  corresponding  parts  of  the  opposite 

side,  the  tip  of  the  nose.  The  part 
which  forms  the  outer  wall  is  curved 
to  correspond  with  the  ala  of  the  nose  ; 
it  is  oval  and  flattened,  narrow  behind, 
where  it  is  connected  with  the  nasal 
process  of  the  superior  maxilla  by  a 
tough  fibrous  membrane,  in  which  are 
found  three  or  four  small  cartilaginoua 
plates  (sesamoid  cartilages),  cartilaa- 

Fia.  iia.— Bones  and  cartUsci^s  of  Mplum  of  nose.        -  ■  1 1.  ■.    ■  ^    j 

Kightside.  "'e«  mtnores.     Above,  it  is  connected 

to  the  upper  lateral  cartilage  and  front 
part  of  the  cartilage  of  the  septum ;  below,  it  is  separated  from  the  margin  of 
the  nostril  by  dense  cellular  tissue;  and  in  front,  it  forms,  with  its  fellow,  the 
lobe  of  the  nose. 

The  cartilage  of  the  septum  is  somewhat  quadrilateral  in  form,  thicker  at  its 
margins  than  at  its  centre,  and  completes  the  separation  between  the  nasal  fossae  in 
front.  Its  anterior  margin,  thickest  above,  is  connected  from  above  downward 
with  the  nasal  bones,  the  anterior  margin  of  the  two  upper  lateral  cartilages,  and 
the  inner  portion  of  the  two  lower  lateral  cartilages.  Its  posterior  margin  is 
connected  with  the  perpendicular  lamella  of  the  ethmoid,  its  inferior  margin  with 
the  vomer  and  the  palate  processes  of  the  superior  maxillary  bones. 

These  various  cartilages  are  connected  to  each  other  and  to  the  bones  by  a 
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tough  fibrous  membrane,  whicli  allows  the  utmost  facilitj  of  movemeitt  between 
them. 

fhe  mu»de»  of  the  note  are  situated  immediately  beneath  the  integument: 
tbey  are  (ud  each  side)  the  Pyramidalis  nasi,  the  Levator  labii  superioris  alssque 
nasi,  the  Dilatator  naris,  anterior  and  posterior,  the  Compressor  nasi,  the  Com- 
pressor narium  minor,  and  the  Depressor  alie  nasi.  They  have  been  described 
above  (page  401). 

The  integument  covering  the  dorsum  and  sides  of  the  nose  is  thin,  and  loosely 
connected  with  the  subjauent  parts,  but  where  it  forms  the  tip  or  lobe  and  the 
alie  of  the  nuse  it  is  thicker  and  more  firmly  adherent.  It  is  furnished  with  a  large 
number  of  sebaceous  follicles,  the  orifices  of  which  are  usually  very  distinct. 

The  mucous  membrane  lining  the  interior  of  the  nose  is  continuous  with  the 
skin  externally  and  with  thai  which  lines  the  nasal  fossse  within. 

The  arteries  of  the  no»e  are  the  lateralis  nasi  from  the  facial,  and  the  inferior 
artery  of  the  septum  from  the  superior  coronary,  which  supply  the  alae  and 
septum,  the  sides  and  dorsum  being  supplied  from  the  nasal  branch  of  the 
ophthalmic  and  the  infra-orbital. 

The  veini  of  the  nose  terminate  in  the  facial  and  ophthalmic. 

The  nerves  of  the  nose  are  branches  from  the  facial,  infra-orbital,  and  infra- 
trochlear,  and  a  filament  from  the  nasal  branch  of  the  ophthalmic. 

Nasal  Fossse. 
The  nasal  fossse  are  two  irregular  cavities  situated  in  the  middle  of  the  face 
and  extending  from  before  backward.     They  open  in  front  by  the  two  anterior 
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nares,  and  terminate  in  the  pharynx,  behind,  by  the  posterior  nares.  The  anterior 
nares  are  somewhat  pear-shaped  apertures,  each  measuring  about  one  inch  vertically 
and  half  an  inch  transversely  at  their  widest  part.  The  posterior  nares  are  two 
oval  openings  situated  at  the  upper  part  of  the  anterior  wall  of  the  pharynx. 
They  are  smaller  in  the  body  than  in  the  skeleton,  because  narrowed  by  the 
mucous  membrane.  Each  opening  measures  an  inch  in  the  vertical  and  half  an 
inch  in  the  transverse  direction  in  a  well -developed  adult  skull. 
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The  miLcoiis  membrane  lining  the  nasal  fossae  is  called  the  pituitary ^  from  the 
nature  of  its  secretion ;  or  Schneiderian^  from  Schneider,  the  first  anatomist  who 
showed  that  the  secretion  proceeded  from  the  mucous  membrane,  and  not,  as  waa 
formerly  imagined,  from  the  brain.  It  is  intimately  adherent  to  the  periosteum 
or  perichondrium,  over  which  it  lies.  It  is  continuous  externally  with  the  skin 
through  the  anterior  nares,  and  with  the  mucous  membrane  of  the  pharynx 
through  the  posterior  nares.  From  the  nasal  fossae  its  continuity  may  be  traced 
with  the  conjunctiva  through  the  nasal  duct  and  lachrymal  canals ;  with  the 
lining  membrane  of  the  tympanum  and  mastoid  cells  through  the  Eustachian 
tube ;  and  with  the  frontal,  ethmoidal,  and  sphenoidal  sinuses,  and  the  antrum  of 
Highmore  through  the  several  openings  in  the  meatuses.  The  mucous  membrane 
is  thickest  and  most  vascular  over  the  turbinated  bones.  It  is  also  thick  over  the 
septum,  but  in  the  intervals  between  the  spongy  bones  and  on  the  floor  of  the 
nasal  fossae  it  is  very  thin.  Where  it  lines  the  various  sinuses  and  the  antrum  of 
Highmore  it  is  thin  and  pale. 

Owing  to  the  great  thickness  of  this  membrane,  the  nasal  fossae  are  much 
narrower,  and  the  turbinated  bones,  especially  the  lower  ones,  appear  larger  and 
more  prominent  than  in  the  skeleton.  From  the  same  circumstance  also  the 
various  apertures  communicating  with  the  meatuses  are  either  narrowed  or 
completely  closed. 

In  the  superior  meatus  the  aperture  of  communication  with  the  posterior 
ethmoidal  cells  is  considerably  diminished  in  size,  and  the  spheno-palatine  foramen 
completely  covered  in. 

In  the  middle  meatus  the  opening  of  the  infundibulum  is  partially  hidden  by 
a  projecting  fold  of  mucous  membrane,  and  the  orifice  of  the  antrum  is  contracted 
to  a  small  circular  aperture,  much  narrower  than  in  the  skeleton. 

In  the  inferior  meatus  the  orifice  of  the  nasal  duct  is  partially  hidden  by  either 
a  single  or  double  valvular  mucous  fold,  and  the  anterior  palatine  canal  either 
completely  closed  in  or  a  tubular  cul-de-sac  of  mucous  membrane  is  continued  a 
short  distance  into  it.  *  This  cul-de-sac  is  termed  the  organ  of  Jacobs&iu  and  is 
present  in  all  mammals  as  well  as  man.  In  the  former  it  consists  of  a  bilateral 
tube,  situated  in  the  nasal  septum  and  supported  by  hyaline  cartilage,  the  cartilage 
of  Jacohson. 

In  the  roof  the  opening  leading  to  the  sphenoidal  sinus  is  narrowed,  and  the 
apertures  in  the  cribriform  plate  of  the  ethmoid  completely  closed  in. 

Structure  of  the  Mucous  Membrane, — The  epithelium  covering  the  mucous 
membrane  difiers  in  its  character  according  to  the  functions  of  the  part  of  the 
nose  in  which  it  is  found.  Near  the  orifice  of  the  nostril,  the  vestibule^  where 
common  sensation  is  chiefly  or  alone  required,  the  epithelium  is  of  the  ordinary 
pavement  or  scaly  variety.  In  the  rest  of  the  cavity,  below  the  distribution  of  the 
olfactory  nerves — Le,  in  the  respiratory  portion  of  the  nasal  cavity — the  epithelium 
is  columnar  and  ciliated.  This  is  the  case  also  in  the  meatuses  of  the  nose.  In 
this  region,  beneath  the  epithelium  and  its  basement  membrane,  is  a  fibrous  layer 
infiltrated  with  lymph-corpuscles,  so  as  to  form  in  many  parts  a  diff'use  adenoid 
tissue,  and  beneath  this  a  nearly  continuous  layer  of  smaller  and  larger  glands, 
some  mucous  and  some  serous,  the  ducts  of  which  open  upon  the  surface.  In  the 
olfactory  region — i,e.  the  region  in  which  the  terminal  filaments  from  the  olfactory 
nerves  are  distributed  (see  page  755) — the  epithelial  cells  are  columnar  and,  for  the 
most  part,  non-ciliated :  their  free  surface  presents  a  sharp  outline,  and  their  deep 
extremity  is  prolonged  into  a  process  which  runs  inward,  branching  to  commu- 
nicate with  similar  processes  from  neighboring  cells,  so  as  to  form  a  network  in 
the  deep  part  of  the  mucous  membrane.  Lying  between  them  are  cells  (termed  by 
Max  Schultze,  olfactory  cells),  which  consist  of  a  nucleated  body  and  two  processes, 
of  which  one  runs  outward  between  the  columnar  epithelial  cells  and  projects  on 
the  surface  of  the  mucous  membrane ;  the  other  (the  deep)  process  runs  inward, 
is  frequently  beaded  like  a  nerve-fibre,  and  is  believed  by  most  observers  to  be  in 
connection  with  one  of  the  terminal  filaments  of  the  olfactory  nerve.     Amongst 
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the  branched  ends  of  the  colunmar  celln  there  ia  a  deep  layer  of  epithelial  cells  of 
a  conical  ^hape,  their  broad  end  resting  an  the  basement  membrane,  iind  their 
tapering  extremity  projecting  between  the  other  cells.  Beneath  the  epithelium, 
extending  through  the  thickness  of  the  mucous  membrane,  is  a  layer  of  glands,  the 
glands  of  Bowman,  identicnl  in  structure  with  serous  glands. 

The  mucous  membrane  is  pigmented  in  the  olfactory,  but  not  in  the  other 
regions,  being  of  a  light  yellow  color,  at  least  in  the  white  races.' 

The  arterki  of  the  nasal  fiin8<e  are  the  anterior  and  posterior  ethmoidal,  from 
the  ophthalmic,  which  supply  the  ethmoidal  cells,  frontal  sinuses,  and  roof  of  the 
nose;   a  minute  twig  from   the  small  meningeal;  the  spbeno-palatine,  from  the 
internal  maxillary,  which  supplies  the  mucous  membrane  covering  the  spongy 
bones,    the    meatuses,    and    septum ;     the    inferior    artery    of   the    septum    from 
the  superior  coronary  of  the  facial ;    and  the   alveolar  branch   of   the  internal 
maxillary,  which  supplies  the  lining  membrane  of  the  antrum.     The  ramifica- 
tions   of    these   vessels   form   a   close. 
pie xi form    network     beneath    and    in 
the    substance   of    the   mucous    mem- 
brane. 

The  veins  of  the  nasal  fosscp  form  a 
close  network  beneath  the  mucous 
membrane.  They  pass,  some  with 
ihe  veins  accompanying  the  spheno- 
palatine artery,  through  the  spheno- 
palaiine  foramen,  and  others  through 
the  alveolar  branch,  to  join  the  facial 
vein;  some  accompany  the  ethmoidal 
arteries  and  terminate  in  the  ophthal- 
mic vein ;  and,  lastly,  a  few  communi- 
cate with  the  veins  m  the  interior  of 
the  skull  through  the  foramina  in  the 
cribriform  plate  of  the  ethmoid  bone 
and  the  foramen  csecum.  fio.  4se.— Nerves  ot  Mptum  of  note.  Bight  lide. 

The  nerfes  are — the  olfactory,   the 
nasal  branch  of  the  ophthalmic,  filaments  from  the  anterior  dental  branch  of  the 
auperior  maxillary,  the  Vidian,  nnso-palatine.  descending  anterior  palatine,  and 
nasal  branches  of  Meckel's  ganglion. 

The  olfactory,  the  special  nerve  of  the  sense  of  smell,  is  distributed  over  the 
apper  third  of  the  septum  and  over  the  surface  of  the  superior  and  middle  spongy 
bones. 

The  nasal  branch  of  the  ophthalmic  distributes  filaments  to  the  fore  part  of  the 
septum  and  outer  wall  of  the  nasal  fossae. 

Filaments  from  the  anterior  dental  branch  of  the  superior  maxillary  supply  the 
inferior  meatus  and  inferior  turbinated  bone. 

The  Vidian  nerve  supplies  the  upper  and  back  part  of  the  septum  and  superior 
spongy  bone,  and  the  upper  anterior  nasal  branches  from  the  spbeno-palatine 
ganglion  have  a  similar  distribution. 

The  naso-palatine  nerve  supplies  the  middle  of  the  septum. 

The  larger  or  anterior  palatine  nerve  supplies  the  middle  and  lower  spongy 
bones. 

SuTcical  Anatomy. — Instances  of  congenttat  deformity  of  the  nose  are  occasionally  met 
with,  auch  as  complete  absence  of  the  nose,  an  aperture  only  being  present.,  or  perfect_  develop- 
ment on  one  aide,  and  suppression  or  malformation  on  the  other;  or  there  may  be  imperfect 
appoeition  of  the  nasal  bones,  so  that  the  nose  presents  a  median  cleft,  or  furrow.  Deformiti^ 
which  have  been  acquired  are  much  more  common,  such  as  flattening  of  the  nose,  the  result  of 

'  An  interesting  apeculalion  ha=  been  Buggesled  by  Dr.  W.  Ogle,  iMril.  Chir.  Tmat.,  vol.  liii.  p. 
2T71  as  to  Uie  possible  connecUon  between  the  presence  and  ubundance  of  this  pigment  and  the  per- 
fection of  the  sense  of  smell. 
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syphilitic  necrosis,  or  imperfect  development  of  the  nasal  bones  in  cases  of  congenital  syphilis,  or 
a  lateral  deviation  of  the  nose  may  result  from  fracture. 

The  skin  over  the  alse  and  tip  of  the  nose  is  thick  and  closely  adherent  to  subjacent  parts. 
Inflammation  of  this  part  is  therefore  verv  painfiil,  on  account  of  tne  tension.  It  is  largely  sup- 
plied with  blood,  and,  the  circulation  here  beinc:  terminal,  vascular  engorgement  is  liable  to  occur, 
especially  in  women  at  the  menopause  and  in  both  sexes  from  disorders  of  digestion,  exposure  to 
oold,  etc.  The  skin  of  the  nose  also  contains  a  large  number  of  sebaceous  follicles,  and  these,  as 
the  result  of  intemperance,  are  apt  to  become  affected  and  the  nose  reddened,  congested,  and 
irregularly  swollen.  To  this  the  term  '*  ^og-blossom ' '  is  popularly  applied.  In  some  ol  these  cases 
there  is  enormous  hypertrophy  of  the  skin  and  subcutaneous  tissues,  producing  pendulous  masses, 
termed  lipomata  nasi.  Epithelioma  and  rodent  ulcer  may  attack  the  nose,  the  latter  being  the 
more  common  of  the  two.  Lupus  and  syi)hihtic  ulceration  frequently  attack  the  nose,  and  may 
destroy  the  whole  of  the  cartilaginous  portion.  In  fact,  lupus  vulgaris  begins  more  frequently  on 
the  ala  of  the  nose  than  in  any  other  situation. 

Cases  of  congenital  occlusion  of  one  or  both  nostrils,  or  adhesion  between  the  ala  and  septum 
may  occur,  and  may  require  immediate  operation,  since  the  obstruction  much  interferes  with  suck- 
ing.    Bony  closure  of  the  posterior  nares  may  also  occur. 

To  examine  the  nasal  cavities,  the  head  should  be  thrown  back  and  the  nose  drawn  upward, 
the  parts  being  dilated  by  some  form  of  speculum.  It  can  also  be  examined  with  the  little  finger 
or  a  probe,  and  in  this  way  foreign  bodies  detected.  A  still  more  extensive  examination  can  be 
made  by  Route's  operation,  which  was  introduced  for  the  cure  of  ozsena  bv  the  removal  of  any 
dead  bone  which  may  be  present  in  this  disease.  The  whole  framework  of  the  nose  is  lifted  up 
by  an  incision  made  inside  the  mouth,  through  the  junction  of  the  upper  lip  with  the  bone ;  the 
septum  nasi  and  the  lateral  cartilages  are  divided  with  strong  scissors  till  the  anterior  nares  are 
completely  exposed.  The  posterior  nares  can  be  explored  by  reflected  light  from  the  mouth,  by 
which  the  posterior  nares  can  be  illuminated.  Tne  examination  is  very  diflicult  to  cany  out, 
and,  as  a  rule,  sufficient  information  regarding  the  presence  of  forei^  bodies  or  tumors  in  the 
naso-pharynx  can  be  obtained  by  the  introduction  of  the  fine:er  behind  the  sofl  palate  through 
the  mouth.  The  septum  of  the  nose  may  be  displaced  or  deviate  from  the  middle  line :  this 
may  be  the  result  of  an  injury  or  from  some  congenital  defect  in  its  development.  Sometimes 
the  deviation  may  be  so  great  that  the  septum  may  come  in  contact  with  the  outer  wall  of  the 
nasal  fossse,  and  may  even  become  adherent  to  it,  thus  producing  complete  obstruction.  Per- 
foration of  the  septum  is  not  an  uncommon  affection,  and  may  arise  from  several  causes :  syph- 
ilitic or  tubercular  ulceration,  blood-tumor  or  abscess  of  the  septum,  and  especially  in  workmen 
exposed  to  the  vapor  of  bichromate  of  potash,  from  the  irritating  and  corrosive  action  of  the 
fumes.  When  small,  the  perforation  may  cause  a  peculiar  whistling  sound  during  respiration. 
When  large,  it  may  lead  to  the  falling  in  of  the  bridge  of  the  nose. 

Epistaxis  is  a  very  common  affection  in  children.  It  is  rarely  of  much  consequence,  and 
will  almost  always  subside,  but  in  the  more  violent  haemorrhages  of  later  lii'e  it  may  be 
necessary  to  plug  the  posterior  nares.  In  performing  this  operation  it  is  desirable  to  remember 
the  size  of  the  posterior  nares.  A  ready  method  of  regulating  the  size  of  the  plug  to  fit 
the  opening  is  to  make  it  of  the  same  size  as  the  terminal  phalanx  of  the  thumb  of  the  patient 
to  be  operated  on. 

Niisal  polypus  is  a  very  common  disease,  and  presents  itself  in  three  forms :  the  gelatinous, 
the  fibrous,  ana  the  malignant.  The  first  is  by  far  the  most  common.  It  grows  ftouk  the 
mucous  membrane  of  the  outer  wall  of  the  nasal  fossa,  where  there  is  an  abundant  layer  of 
highly  vascular  submucous  tissue ;  rarely  from  the  septum,  where  the  mucous  membrane  is 
closely  adherent  to  the  cartilage  and  bone,  without  the  intervention  of  much,  if  any,  submucous 
tissue.  Their  most  common  seat  is  probably  the  middle  turbinated  bone.  The  fibrous  polypus 
generally  grows  from  the  base  of  the  skull  behind  the  posterior  nares  or  from  the  roof  of  the  nasal 
fossae.  The  malignant  polypi,  both  sarcomatous  or  carcinomatous,  may  arise  in  the  nasal  cavities 
and  the  naso-pharynx ;  or  they  may  originate  in  the  antrum,  and  protrude  through  its  inner  wall 
into  the  nasal  fossa. 

Rhinoliths,  or  nose-stones,  may  sometimes  be  found  in  the  nasal  cavities,  from  the  formation 
of  phosphate  of  lime  upon  either  a  foreign  body  or  a  piece  of  inspissated  secretion. 

THE  EYE. 

The  eyeball  is  contained  in  the  cavity  of  the  orbit.  In  this  situation  it  is 
securely  protected  from  injury,  whilst  its  position  is  such  as  to  ensure  the  most 
extensive  range  of  sight.  It  is  acted  upon  by  numerous  muscles,  by  which  it  is 
capable  of  being  directed  to  any  part ;  it  is  supplied  by  vessels  and  nerves,  and  is 
additionally  protected  in  front  by  several  appendages,  such  as  the  eyebrow,  eye- 
lids, etc. 

The  eyeball  is  imbedded  in  the  fat  of  the  orbit,  but  is  surrounded  by  a  thin 
membranous  sac,  the  capmde  of  Tenon,  which  isolates  it,  so  as  to  allow  of  free 
movement. 

The  capsule  of  Tenon  (tunica  vaginalis  oculi)  may  be  regarded  as  a  distinct 
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serous  membrane,  consisting  of  a  parietal  and  visceral  layer.  The  latter  invests 
the  posterior  part  of  the  globe  from  the  ciliary  margin  of  the  cornea  backward  to 
the  entrance  of  the  optic  nerve,  and  is  connected  to  it  by  very  delicate  connective 
tissue :  the  former  (parietal)  lines  the  hollow  in  the  fat  in  which  the  eyeball  is 
imbedded.  Both  layers  are  lined  on  their  free  surfaces  by  endothelial  cells.  The 
cavity  between  them  is  continuous  with  the  spaces  between  the  diflFerent  layers  of 
the  sheath  of  the  optic  nerve — that  is  to  say,  with  the  mbarachnoidean  between  the 
pia-matral  and  the  arachnoid  sheath,  and  the  subdural  between  the  arachnoid  and 
dural  sheath — and  into  it  empty  the  lymphatic  vessels  of  the  sclerotic.  The  capsule 
is  pierced  by  the  muscles  of  the  eyeball  near  their  insertion,  and  sends  tubular 
prolongations  on  them,  which  become  continuous  with  the  sheath  of  the  muscles. 
From  the  outer  surface  of  these  sheaths  expansions,  consisting  of  elastic  fibres  and 
muscle-cells,  are  given  off  to  the  margin  of  the  orbit,  which  serve  to  limit  the 
degree  of  contraction  of  the  muscles.' 

The  eyeball  is  composed  of  segments  of  two  spheres  of  different  sizes.  The 
anterior  segment  is  one  of  a  small  sphere,  and  forms  about  one-sixth  of  the  eyeball. 
It  is  more  prominent  than  the  posterior  segment,  which  is  one  of  a  much  larger 
sphere,  and  forms  about  five-sixths  of  the  globe.  The  segment  of  the  larger  sphere 
is  opaque,  and  formed  by  the  sclerotic,  the  tunic  of  protection  to  the  eyeball ;  the 
smaller  sphere  is  transparent,  and  formed  by  the  cornea.  The  axes  of  the  eyeballs 
are  nearly  parallel,  and  do  not  correspond  to  the  axes  of  the  orbits,  which  are 
directed  outward.  The  optic  nerves  follow  the  direction  of  the  axes  of  the  orbits, 
and  are  therefore  not  parallel ;  they  enter  the  eyeball  a  little  to  their  inner  or  nasal 
side.  The  eyeball  measures  rather  more  in  its  transverse  than  in  its  antero- 
posterior and  vertical  diameters,  the  former  amounting  to  about  an  inch,  the  latter 
to  about  nine-tenths  of  an  inch. 

The  eyeball  is  composed  of  several  investing  tunics,  and  of  fluid  and  solid 
refracting  media,  called  humors. 

The  tunics  are  three  in  number: 

1.  Sclerotic  and  Cornea. 

2.  Choroid,  Iris,  and  Ciliary  Processes. 

3.  Retina. 

The  refracting  media,  or  humors,  are  also  three : 

Aqueous.  Crystalline  (lens)  and  Capsule.  Vitreous. 

The  sclerotic  and  cornea  form  the  external  tunic  of  the  eveball ;  thev  are 
essentially  fibrous  in  structure,  the  sclerotic  being  opaque,  and  forming  the 
posterior  five-sixths  of  the  globe  ;  the  cornea,  which  forms  the  remaining  sixth, 
being  transparent. 

The  Sclerotic  {axhjp6(:^  hard)  (Fig.  487)  has  received  its  name  from  its  extreme 
density  and  hardness  ;  it  is  a  firm,  unyielding,  fibrous  membrane,  serving  to  main- 
tain the  form  of  the  globe.  It  is  much  thicker  behind  than  in  front.  Its  external 
(surface  is  of  a  white  color,  quite  smooth,  except  at  the  points  where  the  Recti  and 
Obliqui  muscles  are  inserted  into  it,  and  covered,  for  part  of  its  extent,  by  the 
conjunctival  membrane;  hence  the  whiteness  and  brilliancy  of ^he  front  of  the 
eyeball.  Its  inner  surface  is  stained  of  a  brown  color,  marked  by  grooves,  in 
which  are  lodged  the  ciliary  nerves,  and  connected  by  an  exceedingly  fine  cellular 
tissue  {lamina  fused)  with  the  outer  surface  of  the  choroid.  Behind,  it  is  pierced 
by  the  optic  nerve  a  little  to  its  inner  or  nasal  side,  and  is  continuous  with  the 
fibrous  sheath  of  the  nerve,  which  is  derived  from  the  dura  mater.  At  the  point 
where  the  optic  nerve  passes  through  the  sclerotic  this  membrane  forms  a  thin 
cribriform  lamina  (the  lamina  cribrosa) ;  the  minute  orifices  in  this  layer  serve 
for  the  transmission  of  the  nervous  filaments,  and  the  fibrous  septa  dividing  them 
from  one  another  are  continuous  with  the  membranous  processes  which  separate 
the  bundles  of  nerve-fibres.     One  of  these  openings,  larger  than  the  rest,  occupies 

*  See  a  paper  by  Mr.  C.  B.  Lock  wood  {Journal  of  Anatomy  and  Physiology,  vol.  xx.,  part  i.  p.  1). 
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the  centre  of  the  lamella;  it  is  called  the  porus  opticus,  and  transmits  the  arteria 
centialis  retina;  to  the  interior  of  the  eyeball.  Around  the  cribriform  lamella  are 
numerous  small  apertures  for  the  transmission  of  the  ciliary  vessels  and  nerves. 
In  front  the  sclerotic  is  continuous  with  the  cornea  by  direct  continuity  of  tissue, 
but  the  opaque  sclerotic  overlaps  the  cornea  rather  more  on  its  outer  than  on  its 
inner  suifaee. 

Structure. — The  sclerotic  is  formed  of  white  fibrous  tissue  intermixed  with  fine 
elastic  fibres,  and  of  flattened  connective- tissue  corpuscles,  some  of  which  are 
pigmented,  contained  in  cell-spaces  between  the  fibres.  These  fibres  are  aggre- 
gated into  bundles  which  are  arranged  chiefiy  in  a  longitudinal  direction.  It  yields 
gelatin  on  boiling.  Its  vessels  are  not  numerous,  the  capillaries  being  of  small 
size,  uniting  at  long  and  wide  intervals.     The  existence  of  nerves  id  it  is  doubtful. 


eyeball     (AUen.) 


The  Oomea  is  the  projecting  transparent  part  of  the  external  tunic  of  the 
eyeball,  and  forms  the  anterior  sixth  of  the  globe  It  is  almost  circular  in  shape, 
occasionally  a  little  broader  in  the  transverse  than  m  the  vertical  direction.  It 
is  convex  anteriorly,  and  projects  forward  from  the  sclerotic  in  the  same  manner 
that  a  watch-gla.'is  does  from  its  case.  Its  degree  of  curvature  varies  in  different 
individuals,  and  in  the  same  individual  at  different  periods  of  life,  it  being  more 
prominent  in  youth  than  in  advanced  life,  when  it  becomes  flattened.  The 
cornea  is  dense  and  of  uniform  thickness  throughout ;  its  posterior  surface  is 
perfectly  circular  in  outline,  and  exceeds  rhe  anterior  surface  slightly  in  extent, 
from  the  latter  being  overlapped  by  the  sclerotic. 

Structure. — Tlic  cornea  consists  of  four  layers — namely,  (1)  several  strata 
of  epithelial  cells,  continuous  with  tho.ae  of  the  conjunctiva;  (2J  a  thick  centi-al 
fibrous  structure,  the  cornea  proper;  (3)  a  homogeneous  elastic  lamina ;  and  (4) 
a  single  layer  of  epithelial  cells,  forming  part  of  the  lining  membi'ane  of  the 
anterior  chamber  of  the  eyeball.  The  name  of  membrane  of  De»ceviet  or  Demoun 
is  given  to  this  posterior  elastic  lamina  and  its  endothelial  coating. 
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The  conjunctival  epithelium^  which  covers  the  front  of  the  cornea  proper, 
consists  of  several  strata  of  epithelial  cells.  The  lowermost  cells  are  columnar : 
then  follow  two  or  three  layers  of  polyhedral  cells,  some  of  which  present  ridges 
and  furrows  similar  to  those  found  in  the  cuticle.  Lastly,  there  are  three  or  four 
layers  of  scaly  epithelium  with  flattened  nuclei. 

The  proper  substance  of  the  cornea  is  fibrous,  tough,  unyielding,  perfectly 
transparent,  and  continuous  with  the  sclerotic,  with  which  it  is  identical  in 
structure.  It  is  composed  of  about  sixty  flattened  lamellae,  superimposed  one  on 
another.  These  lamellae  are  made  up  of  bundles  of  fibrous  connective  tissue,  the 
fibres  of  which  are  directly  continuous  with  the  fibres  of  the  sclerotic.  The  fibres 
of  each  lamella  are  for  the  most  part  parallel  with  each  other ;  those  of  alternat- 
ing lamellae  at  right  angles  to  each  other.  Fibres,  however,  frequently  pass  from 
one  lamella  to  the  next. 

The  lamellae  are  connected  with  each  other  by  an  interstitial  cement-substance, 
in  which  are  spaces,  the  corneal  spaces.  The  spaces  are  stellate  in  shape,  and 
have  numerous  ofisets  by  which  they  communicate  with  other  spaces.  Each  space 
contains  a  cell,  the  corneal  corpuscle^  which  resembles  in  form  the  space  in  which 
it  is  contained,  but  does  not  entirely  fill  it. 

Immediately  beneath  the  conjunctival  epithelium  the  cornea  proper  presents 
certain  characteristic  differences,  which  have  led  some  anatomists  to  regard  it  as  a 
distinct  membrane,  and  it  has  been  named  by  Bowman  the  anterior  elastic  lamina. 
It  diflfers,  however,  from  the  true  elastic  lamina  or  membrane  of  Descemet  in 
many  essential  particulars,  presenting  evidence  of  fibrillar  structure,  and  not 
having  the  same  tendency  to  curl  inward  or  to  undergo  fracture  when  detached 
from  the  other  layers  of  the  cornea.  It  consists  of  extremely  closely  interwoven 
fibrils,  similar  to  those  found  in  the  rest  of  the  cornea  proper,  but  contains  no 
corneal  corpuscles.  It  seems,  therefore,  more  proper  to  regard  it  as  a  part  of  the 
proper  tissue  of  the  cornea.^ 

The  posterior  elastic  lamina^  which  covers  the  proper  structure  of  the  cornea 
behind,  presents  no  structure  recognizable  under  the  microscope.  It  consists  of  a 
hard,  elastic,  and  perfectly  transparent  homogeneous  membrane,  of  extreme  thin- 
ness, which  is  not  rendered  opaque  by  either  water,  alcohol,  or  acids.  It  is  very 
brittle,  but  its  most  remarkable  property  is  its  extreme  elasticity,  and  the  tend- 
ency which  it  presents  to  curl  up  or  roll  upon  itself,  with  the  attached  surface 
innennost,  when  separate  from  the  proper  substance  of  the  cornea.  Its  use 
appears  to  be  (as  suggested  by  Dr.  Jacob)  "  to  preserve  the  requisite  permanent 
correct  curvature  of  the  flaccid  cornea   proper.** 

At  the  margin  of  the  cornea  this  posterior  elastic  membrane  breaks  up  into 
fibres  to  form  a  reticular  structure  at  the  outer  angle  of  the  anterior  chamber, 
the  intervals  between  the  fibres  forming  small  cavernous  spaces,  the  spaces  of 
Fontana.  These  little  recesses  communicate  with  a  somewhat  larger  space  in  the 
substance  of  the  sclerotic  close  to  its  junction  with  the  cornea.  This  is  the  ca^ial 
of  Schlemm,  or  sintis  circularis  iridis^  and,  according  to  some  authors,  is  a  lymph- 
canal,  but  according  to  others  is  a  venous  sinus.  Some  of  the  fibres  of  this 
reticulated  structure  are  continued  into  the  front  of  the  iris,  fonning  the  liga- 
mentum  pectinatum  iridis,  while  others  are  connected  with  the  fore  part  of  the 
sclerotic  and  choroid. 

The  endothelial  lining  of  the  aqueous  chamber  covers  the  posterior  surface  of 
the  posterior  elastic  lamina.  It  consists  of  a  single  layer  of  polygonal  flattened 
transparent  nucleated  cells,  similar  to  those  found  lining  other  serous  cavities. 

Arteries  and  Nerves. — The  cornea  is  a  non- vascular  structure,  the  capillary 
vessels  terminating  in  loops  at  its  circumference.  Lymphatic  vessels  have  not  as 
yet  been  demonstrated  in  it,  but  are  represented  by  the  channels  in  which  the 
bundles  of  nerves  run  ;  these  are  lined  bv  an  endothelium  and  are  continuous 
with  the  cell-spaces.     The    nerves    are   numerous,  twenty-four   to  thirty-six  in 

*  This  layer  has  been  called  by  Reichert  the  "  anterior  limiting  layer  " — a  name  which  appears 
more  applicable  to  it  than  that  of  "anterior  elastic  lamina/' 


856  THE   OHGANS   OF  SENSE. 

number  (Kolliker),  forty  to  forty-five  (Waldeyer  and  Sumisch);  tbey  are  derived 
from  the  ciliary  nerves  and  enter  the  laminated  tissue  of  the  cornea.  They 
ramify  throughout  its  substance  in  a  delicate  network,  and  their  terminal  fila- 
meDts  form  a  firm  and  closer  plexus  on  tbe  surface  of  the  cornea  proper  beneath 
the  epithelium.  This  is  termed  the  Bubepitkeliat  plexus,  &rtd  from  it  fibrils  are 
given  off  which  ramify  between  the  epithelial  cells,  forming  a  network  which  is 
termed  the  intra-epithelial  plexus. 


DiaBection. — In  order  to  sepuute  the  sclerotic  and  comea,  so  as  to  expose  the  second  tunic, 
the  eyeball  should  be  immeisea  in  a  small  vessel  of  water  and  held  between  the  finger  and 
thumb.    The  pcleiodc  is  then  carefully  incised,  in  the  ecjuaXtiT  of  the  globe,  till  the  choroid  \i 


tiposed.  One  blade  of  a  pair  of  probe-pointed  aoissors  is  now  introduced  through  the  opening 
thus  made,  and  the  sclerotic  divided  around  its  encire  circumference,  and  removed  in  aeparaie 
portions.  The  tront  segment  being  then  drawn  forward,  the  handle  of  tbe  scalpel  shomd  be 
pressed  gently  against  it  at  its  connection  with  the  iria,  and,  these  being  separated,  a  quaoliiy 
of  perfectly  transparent  Quid  will  escape ;  this  is  the  aqueous  humor.  In  the  course  of  the 
disseetion  the  ciliary  nerves  maj-  be  seen  lying  in  the  loose  cellular  tissue  between  the  choroid 
and  sclerotic  or  contained  in  delicate  grooves  on  the  inner  surface  of  the  hitter  membrane. 

Second  Tunic. — This  is  formed  by  the  choroid  behiod,  the  iris  and  ciliary 
processes  in  front,  and  by  the  Ciliary  muscle,  opposite  tbe  junction  of  the  scle- 
rotic and  cornea. 


Flc.  -KM.— The  cborold  and  liie.    (Ealarged.) 

The  choroid  is  the  vascular  and  pigmentarv  tunic  of  the  eyeball  investing  the 
posterior  five-sixths  of  the  globe,  and  extentling  as  far  forward  as  the  comea, 
the  ciliary  processes  being  appendages  of  the  choroid  developed  from  its  inner 
surface  in  front,  Tbe  iris  is  the  circular  muscular  septum  which  hangs  vertical- 
ly behind  the  cornea,  presenting  in  its  centre  a  large  circular  aperture,  the  pupil 
The  Ciliary  muscle  forms  the  white  ring  observed  at  the  point  where  the  choroid 
and  iris  join  with  each  other  and  with  the  sclerotic  and  cornea. 

The  OhoToid  is  a  thin,  highly  vascular  membrane,  of  a  dark  brown  or  chocolate 
color,  which  invests  tbe  posterior  five-sixths  of  the  central  part  of  the  globe.  It  is 
pierced  behind  by  the  optic  nerve,  and  extends  in  front  as  far  forward  as  the 
ciliary  ligament,  where  it  is  connected  with  the  iris,  and  bends  Inward,  forming 
on  its  inner  surface  a  aeries  of  folds  or  plaitings,  the  ciliary procetse».    It  is  thicker 
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behind  than  in  front.  Extemally  it  is  connected  by  a  line  cellular  weh  (inembrana 
futca)  with  the  inner  surface  of  the  sclerotic.  Its  inner  sui-face  is  smooth  and 
lies  in  contact  with  the  retina. 

Stmctnie. — The  choroid  consists  mainly  of  a  dense  capillary  plexus  and  of 
small  arteries  and  veins,  carrying  the  blood  to  and  returning  it  from  this  plexus. 
On  its  external  surface — i.  e.  the  surface  next  the  sclerotic — is  a  thin  membrane 
of  fine  elastic  fibres  arranged  in  lamellse,  which  are  covered  with  endothelium  and 
form  spaces,  which  communicate  by  perforations  in  the  sclerotic,  through  which 
the  vessels  and  nerves  enter,  with  the  capsule  of  Tenon.  This  layer  is  named  the 
lamina  auprachoroidea,  and  is  continuous  with  the  lamina  fusca  of  the  sclerotic. 

Internal  to  this  is  the  choroid  proper,  a.nd,  in  consequence  of  the  small  arteries 
and  veins  being  arranged  on  the  outer  surface  of  the  capillary  network,  it  is  cus- 
tomary to  describe  this  as  consisting  of  two  layers,  the  outermost  composed  of 
small  arteries  and  veins,  with  pigment-cella  interspersed  between  them,  and  the 


Fio,  1SS.— The  veins  of  (he  choroid.   (Enlarged.) 

inner  consisting  of  a  capillary  plexus.  The  external  layer  consists,  in  part,  of 
the  larger  branches  of  the  short  ciliary  arteries,  which  run  forward  between  the 
veins  before  they  bend  inward  to  terminate  in  the  capillaries ;  but  is  formed 
principally  of  veins,  which  are  named,  from  their  arrangement,  ven<e  vorticoste. 
They  converge  to  four  or  five  equidistant  trunks,  which  pierce  the  sclerotic  mid- 
way between  the  margin  of  the  cornea  and  the  entrance  of  the  optic  nerve.  Inter- 
spersed between  the  vessels  are  lodged  dark  star-shaped  pigment-cells,  the  fibrous 
offsets  from  which,  communicating  with  similar  branchings  from  neighboring  cells, 
form  a  delicate  network  or  stroma,  which  toward  the  inner  surface  of  the  choroid 
loses  its  pigmentary  character.  The  internal  layer  consists  of  an  exceedingly  fine 
capillary  plexus,  formed  by  the  short  ciliary  vessels,  and  is  known  as  the  tunica 
Ituygchiana.  The  network  is  close,  and  finer  at  the  hinder  part  of  the  choroid 
than  in  front.  About  half  an  inch  behind  the  cornea  its  meshes  become  larger, 
and  are  continuous  with  those  of  the  ciliary  processes.  On  the  inner  surface  of 
this  tunic  is  a  very  thin,  structureless — or,  according  to  KiJlliker,  faintly  fibrous — 
membrane,  called  the  lamina  mtrea  ;  it  is  closely  connected  with  the  stroma  of  the 
choroid,  and  separates  it  from  the  pigmentary  layer  of  the  retina. 

The  eiliaiy  processes  should  now  be  examined.  They  may  be  exposed,  either  by  detaching 
the  iris  from  lU  connection  with  the  Ciliarj'  muscle,  or  by  making  a  transverse  aeedon  of  the 
globe  and  examining  them  from  behind. 

The  ciliary  processes  are  formed  by  the  plaiting  and  folding  inward  of  the 
various  layers  of  the  choroid  (i.  e.  the  choroid  proper  and  the  lamina  vitrea)  at  its 
anterior  margin,  and  are  received  between  corresponding  foldings  of  the  suspensory 
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ligament  of  the  lens,  thua  establishiDg  a  connection  between  the  choroid  and  inner 
tunic  of  the  eye.  They  are  arranged  in  a  circle,  and  form  a  sort  of  plaited  frill 
behind  the  iris  round  the  margin  of  the  lens.  They  vary  between  sixty  and 
eighty  in  number,  lie  side  by  side,  and  may  be  divided  into  large  and  small;  the 
latter,  consisting  of  about  one-third  of  the  entire  number,  are  situated  in  the 
spaces  between  the  former,  but  without  regular  alternation.  The  larger  procesges 
are  each  about  one-tenth  of  an  inch  in  length,  and  are  attached  by  their  periphery 
to  the  Ciliary  muscle,  and  are  continuous  with  the  layers  of  the  choroid:  the 
opposite  margin  is  free,  and  rests  upon  the  circumference  of  the  lens.  Their 
anterior  surface  is  turned  toward  the  back  of  the  iris,  with  the  circumference  of 
which  they  are  continuous.  The  posterior  surface  is  closely  connected  with  ihe 
suspensory  ligament  of  the  lens. 

Structure. — The  ciliary  processes  are  similar  in  structure  to  the  choroid,  but 
the  vessels  are  larger,  and  have  chie0y  a  longitudinal  direction.     They  are  covered 


Fio.«0.— The  aiterlea  of  the  choroid  and  iris.   The  lolerotic  hag  been  moitly  removed.   (Bntorged.) 

on  their  inner  surface  with  a  layer  of  black  pigment-cells  continuous  with  the  cells 
of  the  pigmentary  layer  of  the  retina,  and  in  their  stroma  are  also  other,  stellate, 
pigment-cells,  which,  however,  are  not  so  numerous  aa  in  the  choroid  itself,  and 
toward  the  free  extremities  of  the  folds  are  devoid  of  pigment. 

The  Iris  (iris,  a  rainbow)  has  received  its  name  from  its  various  colors  in  dif- 
ferent individuals.  It  is  a  thin,  circular-shaped,  contractile  curtain,  suspended 
in  the  afjneous  humor  behind  the  cornea  and  in  front  of  the  lens,  being  perforated 
a  little  to  the  nasal  side  of  its  centre  by  a  circular  aperture,  the  pupil,  for  the 
transmission  of  light.  By  its  circumference  it  is  intimately  connected  with  the 
choroid ;  externally  to  this  i.s  the  Ciliary  muscle,  by  which  it  is  connected  to  the 
sclerotic  and  cornea;  its  inner  edge  forms  the  margin  of  the  pupil;  its  surfaces 
are  flattened,  and  look  forward  and  backward,  the  anterior  surface  toward  the 
cornea,  the  posterior  toward  the  ciliary  processes  and  lens.  The  circumference 
of  the  iris  is  connected  to  the  cornea  by  a  reticular  structure  denominated  the 
ligamentum  pectinatum  iritis.  The  anterior  surface  of  the  iris  is  variously 
colored  in  different  individuals,  and  marked  by  lines  which  converge  toward  the 
pupil.  The  posterior  surface  is  of  a  deep  purple  tint,  from  being  covered  by  dark 
pigment ;  it  is  hence  named  uvea,  from  its  resemblance  in  color  to  a  ripe  grape. 

Stmctnie. — The  iris  is  composed  of  the  following  structures  : 

1.  In  front  is  a  layer  of  polyhedral  cells  on  a  delicate  hyaline  baaement 
membrane.  Thia  layer  is  continuous  wilh  the  epithelial  layer  of  the  membrane  of 
Descemet,  and  in  men  with  dark -colored  irides  the  cells  contain  pigment-granules. 

2.  Stroma. — The  stroma  consists  of  fibres  and  cells.     The  former  are  made  up 
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of  fine  delicate  bundles  of  fibrous  tissue,  of  which  some  few  fibres  have  a  circular 
direction  at  the  circumference  of  the  iris,  but  the  chief  mass  consists  of  fibres 
radiating  toward  the  pupil.  They  form,  by  their  interlacement,  a  delicate  mesh, 
in  which  the  vessels  and  nerves  are  contained.  Interspersed  between  the  bundles 
of  connective  tissue  arc  numerous  branched  cells  with  fine  processes.  Many  of 
tbem  in  dark  eyes  contain  pigment-granules,  but  in  blue  eyes  and  the  pink  eyes  of 
albinos  they  are  unpigmented. 

3.  The  muscular  fibre  is  involuntary,  and  consists  of  circular  and  radiating 
fibres.  The  circular  fibres  (sphincter  of  the  pupil)  surround  the  margin  of  the 
pupil  on  the  posterior  surface  of  the  iris,  like  a  sphincter,  forming  a  narrow  band 


tiowlnx  the  relellon*  of  the  cornea,  sctcHittc,  and  Ids,  together  with  the 
paces  near  the  BDgle  of  Ibe  aoterEor  chuaber.    (WsldeferJ 

about  one-thirtieth  of  an  inch  in  width,  those  near  the  free  margin  being  closely 
aggregated;  those  more  externa!  somewhat  separated,  and  forming  less  complete 
circles.  The  radiating  fibres  {dilator  of  the  pupil)  converge  from  the  circumfer- 
ence toward  the  centre,  and  blend  with  the  circular  fibres  near  the  margin  of 
the  pupil. 

4.  Pigment. — The  situation  of  the  pigment-cells  differs  in  different  irides.  In 
the  various  shades  of  blue  eyes  the  only  pigment-cells  are  several  layers  of  small 
round  or  polyhedral  cells  fille*!  with  dark  pigment,  situated  on  the  posterior  surface 
of  the  iris  and  continuous  with  the  pigmentary  lining  of  the  ciliary  processes.  The 
color  of  the  eye  in  these  individuals  is  due  to  this  coloring  matter  showing  more 
or  less  through  the  texture  of  the  iris.  In  the  albino  even  this  pigment  is  absent. 
In  the  gray,  brown,  and  black  eye  there  are,  aa  mentioned  above,  pigment-granules 
to  be  found  in  the  cells  of  the  stroma  and  in  the  epithelial  layer  on  tne  front  of  the 
iris,  to  which  the  color  of  the  eye  is  due. 

The  arteries  of  the  iris  are  derived  from  the  long  and  anterior  ciliary  and  from 
the  vessels  of  the  ciliary  processes  (sec  page  572). 

The  nerve»  of  the  iris  are  derived  from  the  ciliary  branches  of  the  lenticular 
ganglion  and  the  long  ciliary  from  the  nasal  branch  of  the  ophthalmic  division  of 
rtie  fifth.  Afterreaching  the  iris  in  the  manner  described  above  (page  763)  they  form 
a  plexus  around  the  attached  margin  of  the  iris;  from  this  are  derived  non- 
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meduUated  fibres  which  terminate  in  the  circular  and  radiating  muscular  fibres. 
Their  exact  mode  of  termination  has  not  been  ascertained.  Other  fibres  from  the 
plexus  terminate  in  a  network  on  the  anterior  surface  of  the  iris.  The  fibres 
derived  from  the  motor  root  of  the  lenticular  ganglion  (third  nerve)  supply  the 
circular  fibres,  while  those  derived  from  the  sympathetic  supply  the  radiating 
fibres. 

Membrana  Pupillaris. — In  the  foetus  the  pupil  is  closed  by  a  delicate  transparent 
vascular  membrane,  the  membrana  pupillaris,  which  divides  the  space  into  which 
the  iris  is  suspended  into  two  distinct  chambers.  This  membrane  contains  numerous 
minute  vessels,  continued  from  the  margin  of  the  iris  to  those  on  the  front  part  of 
the  capsule  of  the  lens.  These  vessels  have  a  looped  arrangement,  and  converge 
toward  each  other  without  anastomosing.  Between  the  seventh  and  eighth  months 
the  membrane  begins  to  disappear,  by  its  gradual  absorption  from  the  centre 
toward  the  circumference,  and  at  birth  only  a  few  fragments  remain.  It  is  said 
sometimes  to  remain  permanent  and  produce  blindness. 

The  Ciliary  muscle  (Bowman)  consists  of  unstriped  fibres :  it  forms  a  grayish, 
semitransparent,  circular  band,  about  one-eighth  of  an  inch  broad,  on  the  outer 
surface  of  the  fore  part  of  the  choroid.  It  is  thickest  in  front,  and  gradually 
becomes  thinner  behind.  It  consists  of  two  sets  of  fibres,  radiating  and  circular. 
The  former,  much  the  more  numerous,  arise  at  the  point  of  junction  of  the  cornea 
and  sclerotic,  and,  passing  backward,  are  attached  to  the  choroid  opposite  to  the 
ciliary  processes.  One  bundle,  according  to  Waldeyer,  is  continued  backward  to 
be  inserted  into  the  sclerotic.  The  circular  fibres  are  internal  to  the  radiating  ones, 
and  to  some  extent  unconnected  with  them,  and  have  a  circular  course  around  the 
attachment  of  the  iris.  They  are  sometimes  called  the  "  ring  muscle  "  of  Miiller, 
and  were  formerly  described  as  the  ciliary  ligament.  The  Ciliary  muscle  is  admitted 
to  be  the  chief  agent  in  accommodation — i.  e.  in  adjusting  the  eye  to  the  vision  of 
near  objects.  Mr.  Bowman  believed  that  this  was  efiected  by  its  compressing  the 
vitreous  body,  and  so  causing  the  lens  to  advance ;  but  the  view  which  now 
prevails  is  that  the  contraction  of  the  muscle,  by  drawing  on  the  ciliary  processes, 
relaxes  the  suspensory  ligament  of  the  lens,  thus  allowing  the  anterior  surface 
of  the  lens  to  become  more  convex.  The  pupil  is  at  the  same  time  slightly 
contracted.* 

The  Retina  is  a  delicate  nervous  membrane  upon  the  surface  of  which  the 
images  of  external  objects  are  received.  Its  outer  surface  is  in  contact  with  the 
choroid,  the  inner  surface  with  the  vitreous  body.  Behind  it  is  continuous  with 
the  optic  nerve ;  it  gradually  diminishes  in  thickness  from  behind  forward,  and 
in  front  extends  nearly  as  far  forward  as  the  Ciliary  muscle,  where  it  terminates 
by  a  jagged  margin,  the  ora  serrata.  It  is  soft,  and  semitransparent  in  the  fresh 
state,  but  soon  becomes  clouded,  opaque,  and  of  a  pinkish  tint.  Exactly  in  the 
centre  of  the  posterior  part  of  the  retina,  and  at  a  point  corresponding  to  the  axis 
of  the  eye,  in  which  the  sense  of  vision  is  most  perfect,  is  a  round,  elevated, 
yellowish  spot,  called,  after  its  discoverer,  the  yellow  spot  or  limbits  hiUus  {macula 
lutea)  of  Sommerring,  having  a  central  depression  at  its  summit,  the  fovea 
centralis.  The  retina  in  the  situation  of  the  fovea  centralis  is  exceedingly  thin  ;  so 
much  so  that  the  dark  color  of  the  choroid  is  distinctly  seen  through  it ;  so  that 
it  presents  more  the  appearance  of  a  foramen,  and  hence  the  name  "  foramen  of 
Sommerring  "  at  first  given  to  it.  It  exists  only  in  man,  the  quadrumana,  and 
some  saurian  reptiles.  About  one-tenth  of  an  inch  to  the  inner  side  of  the  yellow- 
spot  is  the  point  of  entrance  of  the  optic  nerve  {porus  opticus) ;  here  the  nervous 
substance  is  slightly  raised  so  as  to  form  an  eminence  {collicuhis  nervi  optici);  the 
arteria  centralis  retinae  pierces  its  centre.  This  is  the  only  part  of  the  surface  of 
the  retina  from  which  the  power  of  vision  is  absent. 

Structure. — The  retina  is  an  exceedingly  complex  structure,  and,  when  exam- 
ined microscopically  by  means  of  sections  made  perpendicularly  to  its  surface, 

'  See  explanation  and  diagram  in  Power's  lUiistraliona  of  Some  of  the  Principal  Diseases  of  the  Eye^ 
p.  590. 
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is   found   to  consist  of  ten   layers,   which   are  named  from   within  outward  as 
follows : 

1.  Membrana  limitans  interna. 

2.  Fibrous  layer,  consisting  of  nerve-fibres. 

3.  Vesicular  layer,  consisting  of  nerve-cells. 

4.  Inner  molecular,  or  granular,  layer. 

5.  Inner  nuclear  layer. 

6.  Outer  molecular,  or  granular,  layer, 

7.  Outer  nuclear  layer. 

8.  Membrana  limiCans  externa. 

■  9.  Layer  of  rods  and  cones  (Jacob's  membrane). 

10.  Pigmentary  layer. 

1.  The  membrana  limitans  interna  is  the  most  internal  layer  of  the  retina,  and 
is  in  contact  with  the  hyaloid  membrane  of  the  vitreous  humor.  It  is  derived  from 
the  supporting  framework  of  the  retina,  with  which  tissue  it  will  be  described. 


Flu.  492.— The  arteria  centralla  retins.  yellow  spot,  etc.,  Ihe  anterior  half  of  the  eyeball  being  removed. 
(Enlarged.) 

2.  The  fibrous  layer  is  made  up  of  nerve-fibres,  the  direct  continuation  of  the 
fibres  of  the  optic  nerve.  This  nerve  therefore  passes  through  all  the  other  layers 
of  the  retina,  except  the  one  previously  mentioned,  to  reach  its  destination  in  the 
fibroua  laver.  As  the  nerve  paaaes  through  the  lamina  cribrosa  of  the  sclerotic 
coat  the  fibres  of  which  it  is  composed  lay  aside  their  medullary  sheaths  and 
are  continued  onward,  through  the  choroid  and  retina,  as  simple  axis-cylinders. 
When  these  non-medullated  fibres  reach  the  internal  surface  of  the  retina,  they 
radiate  from  their  point  of  entrance  over  the  surface  of  the  retina,  grouped  in 
bundles,  and  in  many  places,  according  to  Michel,  arranged  in  plexuses.  The 
layer  is  thickest  at  the  optic  nerve  entrance,  and  gradually  diminishes  in  thick- 
ness toward  the  ora  serrata. 

3.  The  vesicular  layer  consists  of  a  single  layer  of  large  ganglion-cells,  except 
in  the  macula  lutea,  where  there  are  several  layers.  The  cells  are  somewhat  flask- 
ahaped ;  their  rounded  internal  margin  resting  on  the  preceding  layer,  and  sending 
off  a  single  process,  which  is  prolonged  into  the  fibrous  layer,  and  is  believed  to  be 
continuous  with  a  nerve-fibre.  From  the  opposite  extremity  of  the  cell  one  or 
more  thicker  processes  extend  into  the  inner  molecular  layer,  where  they  divide 
dichotomously  and  become  lost  in  its  reticulum,  or,  according  to  some,  pass 
through  this  layer  to  reach  the  inner  nuclear  layer. 

4.  The  inner  molendar  layer  consists  of  a  stratum  of  granular-looking  sub- 
stance, from  which  circumstance  it  is  sometimes  called  the  "  inner  granular  "layer. 
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It  JB  made  up  of  a  dense  reticulum  of  minute  fibrils,  intermingled  with  the  fine 
processes  of  the  ganglion-cells  and  also  processes  derived  from  certain  cells 
contained  in  the  next  layer,  immedJEitely  to  be  described.  No  direct  connection 
between  these  sets  of  processes  has  yet  been  demonstrated,  but  it  is  considered 
probable  that  they  do  communicate,  and  that  there  is  therefore  a  direct  connection 
between  the  ganglion-cells  of  the  vesicular  layer  and  the  nuclear  cells  of  the  inner 
nuclear  layer.  Within  the  reticulum  formed  by  these  fibrils  minute  clear  granules, 
of  unknown  nature,  are  imbedded. 

5,  The  inner  nuclear  layer  is  made  up  of  nuclear  bodies,  of  which  there  are 


Figs.  IBS,  IW.-Vu-rtlosl  sections  of  the  human  retina.  Fig,  493,  half  nn  inch  from  the  enlrence  of  the  optic 
nen'o.  FIk.  -194.  c1i>st>  lo  the  latter.  1.  L.B]-er  of  roda  aiid  conm  (iWiunnnr  Mucr).  bounded  undcmeiith  b;  ihe 
mrnibrana  Umilant  citma.  >,  External  nuclear  layer.  3.  Ouur  nio!ecu1«r  layer.  J.  Internal  nuclear  layer. 
h.  Inner  molecular  layer,  n.  Layer  of  the  ininjrllon-cells.  ?.  Eipanslon  of  optic  flbres.  S.  Suitcnlaeular  Hbres 
of  MUller.    S.  Their  aitachmenl  to  the  membrana  Umltaiu  InlemB. 

three  different  kinds :  (1)  A  large  number  of  oval  nuclei,  which  are  commonly 
regarded  as  bipolar  nerve-cells,  and  are  much  more  numerous  than  either  of  the 
other  kind.  They  consist  of  a  large  oval  nuclear  body  placed  vertically  to  the 
surface,  containing  a  distinct  nucleolus  :  they  are  surrounded  by  a  small  amount 
of  protoplasm,  which  is  prolonged  into  two  processes:  one  of  these  passes  inward 
into  the  inner  molecidar  layer,  is  varicose  in  appearance,  and.  as  stated  above,  is 
believed  to  be  continuous  with  the  processes  of  the  ganglion-celia.  The  other 
process  passes  outward  into  the  outer  molecular  layer,  and  there  bifurcates. 
According  to  some  observers,  the  divisions  thus  formed  communicate  with  the  rod- 
and  cone-fibres  (Merkel)  (2)  At  the  innermost  part  of  this  inner  nuclear  layer 
is  a  stratum  of  ceils  which  are  not  branched.  (3)  Some  few  cells  are  also  found 
in  this  layer  connected  with  the  fibres  of  MUller,  and  will  be  described  with  those 
structures. 

6.  The  ontfr  moheiilar  layer  is  much  thinner  than  the  inner  molecular  layer, 
but,  like  it,  consists  of  a  dense  network  of  minute  fibrils,  and  presents  the  same 
gi-anular  appearance.  It  differa,  however,  from  the  inner  molecular  layer  in  con- 
taining branched  stellate  cells,  the  processes  of  which  are  extremely  fine  and 
exhibit  varicosities  like  nerve-fibrils.  They  are  therefore  considered  by  Schultze 
to  be  ganglion-cells. 

7.  The  Outi-r  Xuehor  Layer. — Like  the  inner  nuclear  layer,  this  layer  contains 
several  strata  of  clear  oval  nuclear  bodies;  they  are  of  two  kinds,  and,  on  account 
of  their  being  respectively  connected  with  the  rods  and  cones  of  Jacob's  membrane. 
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are  named  rod-granules  and  cone-granules.  The  rod-granules  are  much  the  more 
numerous,  and  are  placed  at  different  levels  throughout  the  layer.  They  present  a 
peculiar  cross-striped  appearance,  and  have  prolonged  from  either  extremity  a  fine 
process  :  the  outermost  is  continuous  with  a  single  rod  of  Jacob's  membrane ;  the 
innermost  passes  inward  toward  the  outer  molecular  layer,  and  terminates  in  an 
enlarged  extremity,  from  which  are  given  off  a  number  of  minute  fibrils,  which 
enter  the  outer  molecular  layer.  In  its  course  it  presents  numerous  varicosities. 
The  cone-granules,  fewer  in  number  than  the  rod-granules,  are  placed  close  to  the 
membrana  limitans  externa,  and  are  closely  connected  with  the  cones  of  Jacob's 
membrane.  They  do  not  present  any  cross-striping,  but  contain  a  pyriform 
nucleus,  which  almost  completely  fills  the  cell.  From  their  inner  extremity  a 
thick  process  passes  inward  to  the  outer  molecular  layer,  where,  like  the  processes 
of  the  rod-cells,  it  terminates  in  an  enlargement,  from  which  are  given  off  numerous 
fine  fibrils  which  enter  the  outer  molecular  layer. 

8.  The  Membrana  Limitans  Externa. — This  layer,  like  the  membrana  limitans 
interna,  is  derived  from  the  fibres  of  Miiller,  with  which  structures  it  will  be 
described. 

9.  Jacob's  Membrane  (bacillary  layer), — The  elements  which  compose  this 
layer  are  of  two  kinds,  rods  and  cones,  the  former  being  much  more  numerous  than 
the  latter.  The  rods  are  solid,  of  nearly  uniform  size,  and  arranged  perpendicularly 
to  the  surface.  Each  rod  consists  of  two  portions,  an  outer  and  inner,  which  are 
joined  together  by  a  cement-substance  and  are  of  about  equal  length.  They  differ 
from  each  other  as  regards  refraction  and  in  their  behavior  with  coloring 
reagents,  the  inner  portion  becoming  stained  by  carmine,  iodine,  etc.,  the  outer 
portion  remaining  unstained.  The  outer  portion  of  each  rod  is  marked  by  transverse 
strise,  and  is  made  up  of  a  number  of  thin  disks  superimposed  on  one  another.  It 
also  exhibits  faint  longitudinal  markings.  The  inner  portion  of  each  rod  at  its 
inner  extremity,  where  it  is  joined  to  the  processes  of  the  rod-granules,  is  indistinctly 
granular ;  at  its  outer  extremity  it  presents  a  fine  longitudinal  striation,  being 
composed  of  fine,  bright,  highly  refracting  fibrils. 

The  cones  are  conical  or  flask-shaped,  their  broad  ends  resting  upon  the 
membrana  limitans  externa,  the  narrow  pointed  extremity  being  turned  to  the 
choroid.  Like  the  rods,  they  are  made  up  of  two  portions,  outer  and  inner ;  the 
outer  portion  being  a  short  conical  process,  which,  like  the  outer  segment  of  the  rods, 
presents  transverse  striae.  The  inner  portion  resembles  the  inner  portion  of  the 
rods  in  structure,  presenting  an  outer  striated  and  an  inner  granular  appearance, 
but  differs  from  it  in  size,  being  bulged  out  laterally  and  presenting  a  flask  shape. 

10.  The  Pigmentary  Layer,  or  Tapetum  Nigrum. — The  most  external  layer  of 
the  retina,  formerly  regarded  as  a  part  of  the  choroid,  consists  of  a  single  layer  of 
hexagonal  epithelium  cells  loaded  with  pigment-granules  (Fig.  21).  In  the  eyes  of 
albinos  the  cells  of  the  pigmentary  layer  are  present,  but  they  contain  no  coloring 
matter.  In  many  of  the  mammals  also,  as  in  the  horse,  and  many  of  the  carnivora, 
there  is  no  pigment  in  the  cells  of  this  layer,  and  the  choroid  possesses  a  beautiful 
iridescent  lustre,  which  is  termed  the  tapetum  lucidum. 

Connective-tissue  Framework  of  the  Retina. — Almost  all  these  layers  of  the 
retina  are  connected  together  by  a  sort  of  supporting  connective  tissue,  which  has 
been  named  the  fibres  of  Miiller,  or  radiating  fibres,  from  which  the  membrana 
limitans  interna  et  externa  are  derived.  These  fibres  are  found  stretched  between 
the  two  limiting  layers,  ''as  columns  between  a  floor  and  a  ceiling,"  and  passing 
through  all  the  nervous  layers  except  Jacob's  membrane.  They  commence  on 
the  inner  surface  of  the  retina  by  a  conical  base,  the  edges  of  the  bases  of  adjoining 
fibres  being  united,  and  thus  forming  a  boundary-line  which  is  the  membrana 
limitans  interna.  As  they  pass  through  the  various  layers  they  present  a  roughness 
on  their  surface,  as  if  a  number  of  membranous  processes  had  been  abruptly 
broken  off.  By  these  they  are  continuous  with  the  reticulum  of  the  inner  and  outer 
molecular  layer  and  with  a  sponge-like  stroma,  in  which  the  nuclei  of  the  inner 
nuclear  layers  are  imbedded.     In  the  inner  nuclear  layer  each  fibre  of  Miiller 
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presents  a  clear  oval  nucleus,  referred  to  above,  which  ia  sometimes  situated  at  the 
side  of,  sometimes  altogether  within,  the  fibre.  In  the  outer  nuclear  layer  the  fibre 
breaks  up  into  fine  lamellae,  which  form  a  fenestrated  or  sponge-like  tissue,  in 
which  the  rod-  and  cone-granules  are  enclosed,  and  at  the  outer  border  of  this 
layer  these  lamellae  unite  along  a  definite  line,  forming  the  mcmbrana  limitans 
externa. 

Macula  Lutea  and  Fovea  Centralis. — The  structure  of  the  retina  at  the  yellow 
spot  presents  some  modifications.     In  the  macula  lutea  (1)  the  nerve-fibres  are 

PignaUars  lager. 


Membrajia  limitam  cttenm. 


Outer  nueUar  laj/er. 


faiMr  niidcar  tagtr. 
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KuicBlar  laytr. 
PiiioM  layer. 

Xembraiia  Hmilant  intcriML 
I  of  the  retina  (dlagnmmatlc).    (After  Schultie,) 


wanting  as  a  continuous  layer ;  (2)  the  vesicular  layer  consists  of  several  strata  of 
cells,  instead  of  a  single  layer;  (3)  in  Jacob's  membrane  there  are  no  rods,  but 
only  cones,  and  these  are  longer  and  narrower  than  in  other  parts ;  and  (4)  in  the 
outer  nuclear  layer  thercare  only  cone-fibres,  which  are  very  long  and  arranged  in 
curved  lines.  At  the  fovea  centralis  the  only  parts  which  exist  are  the  cones  of 
Jacob's  membrane,  the  outer  nuclear  layer,  the  cone-fibres  of  which  are  almost 
horizontal  in  direction,  and  an  exceedingly  thin  inner  granular  layer.  The  color 
of  the  spot  seems  to  imbue  all  the  layers  except  Jacob's  membrane ;  it  is  of  a  rich 
yellow,  deepest  toward  the  centre,  and  does  not  appear  to  consist  of  pigment-cells, 
but  simply  a  staining  of  the  constituent  parts. 

At  the  ora  te.rrata  the  layers  of  the  retina  for  the  most  part  terminate  abruptly, 
and  the  radiating  fibres  of  Miiller,  covered  by  the  pigmentary  layer,  can  be  traced 
forward,  as  the  pars  ciltaris.  to  the  iris.  The  fibres  of  Miiller  here  present  the 
appearance  of  columnar  epithelial  cells  arranged  in  a  single  stratum. 

The  arteria  centralis  retinte  and  its  accompanying  vein  pierce  the  optic  nerve, 
and  enter  the  globe  of  the  eye  through  the  porus  opticus.     It  immediately  divides 
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into  four  or  five  branches,  which  at  first  run  between  the  hyaloid  membrane  and 
the  nervous  layer,  but  they  soon  enter  the  latter  membrane,  and  pass  forward, 
dividing  dichotomously.  From  these  branches  a  minute  capillary  plexus  is  given 
off,  which  does  not  extend  beyond  the  inner  nuclear  layer.  In  the  foetus  a  small 
vessel  passes  forward,  through  the  vitreous  humor,  to  the  posterior  surface  of  the 
capsule  of  the  lens. 

Humors  of  the  Eye. 

The  aqneons  humor  completely  fills  the  anterior  and  posterior  chambers  of  the 
eyeball.  It  is  small  in  quantity  (scarcely  exceeding,  according  to  Petit,  four  or 
five  grains  in  weight),  has  an  alkaline  reaction,  in  composition  is  little  more  than 
water,  less  than  one-fiftieth  of  its  weight  being  solid  matter,  chiefly  chloride  of 
sodium. 

The  anterior  chamber  is  a  space  bounded  in  front  by  the  cornea,  behind  by  the 
front  of  the  iris.  The  posterior  chamber  was  the  name  formerly  given  to  a  space 
which  was  believed  to  exist  between  the  iris  in  front  and  the  capsule  of  the  lens, 
its  suspensory  ligament,  and  the  ciliary  processes  behind.  It  is  now  known  that 
the  posterior  surface  of  the  iris  is  in  immediate  contact  with  the  lens  throughout 
the  greater  part  of  its  extent.  The  only  space  which  remains  to  represent  the 
posterior  chamber  is  a  narrow  chink  between  the  peripheral  part  of  the  iris,  the 
suspensory  ligament,  and  the  ciliary  processes. 

In  the  adult  these  two  chambers  communicate  through  the  pupil ;  but  in  the 
foetus  in  the  seventh  month,  when  the  pupil  is  closed  by  the  membrana  pupillaris, 
the  two  chambers  are  quite  separate. 

The  Vitreous  Body. 

The  vitreoiis  body  forms  about  four-fifths  of  the  entire  globe.  It  fills  the  con- 
cavity of  the  retina,  and  is  hollowed  in  front  for  the  reception  of  the  lens  and  its 
capsule.  It  is  perfectly  transparent,  of  the  consistence  of  thin  jelly,  and  is  com- 
posed of  an  albuminous  fluid  enclosed  in  a  delicate  transparent  membrane,  the 
hyaloid.  This  membrane  invests  the  outer  surface  of  the  vitreous  body  ;  it  is  inti- 
mately connected  in  front  with  the  suspensory  ligament  of  the  lens,  and  is  con- 
tinued into  the  back  part  of  the  capsule  of  tne  lens.  It  has  been  supposed,  by 
Hannover,  that  from  its  inner  surface  numerous  thin  lamellae  are  prolonged  inward 
in  a  radiating  manner,  forming  spaces  in  which  the  fluid  is  contained.  In  the 
adult  these  lamellae  cannot  be  detected  even  after  careful  microscopic  examination  ; 
but  in  the  foetus  a  peculiar  fibrous  texture  pervades  the  mass,  the  fibres  joining  at 
numerous  points,  and  presenting  minute  nuclear  granules  at  their  point  of  junction. 
In  the  centre  of  the  vitreous  humor,  running  from  the  position  of  the  entrance  of 
the  optic  nerve  on  the  retina  to  the  posterior  surface  of  the  lens,  is  a  canal  filled 
with  fluid  and  lined  by  a  prolongation  of  the  hyaloid  membrane.  This  is  the  canal 
of  Stilling^  and  is  the  canal  which  in  the  embryonic  vitreous  humor  conveyed  the 
minute  artery  from  the  central  artery  of  the  retina  to  the  back  of  the  lens.  The 
fluid  from  the  vitreous  body  resembles  nearly  pure  water  ;  it  contains,  however, 
some  salts  and  a  little  albumen. 

The  hyaloid  membrane  encloses  tl^e  whole  of  the  vitreous  humor,  except  its 
anterior  surface,  which  is  hollowed  out  for  the  reception  of  the  lens  ;  it  passes  from 
the  margin  of  this  surface  to  the  margin  of  the  lens,  forming  the  suspensory 
ligament.  It  is  a  delicate  structureless  membrane,  except  where  it  forms  the  sus- 
pensory ligament,  where  it  contains  longitudinal  elastic  fibres.  Immediately 
beneath  the  hyaloid  membrane  are  found  small,  granular,  nucleated  cells  which 
are  said  to  be  possessed  of  amcxjboid  movements. 

In  the  foetus  the  centre  of  the  vitreous  humor  presents  a  tubular  canal,  through 
which  a  minute  artery  passes  along  the  vitreous  body  to  the  capsule  of  the  lens. 
In  the  adult  no  vessels  vpenetrate  its  substance,  so  that  its  nutrition  must  be 
carried  on  by  the  vessels  of  the  retina  and  ciliary  processes  situated  upon  its 
exterior. 
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The  OrystalUne  Leiu  and  its  Oapsnle. 

The  crystalline  lens,  enclosed  in  its  capsule,  is  situated  immediatelv  behiad 
the  pupil,  in  front  of  the  vitreous  body,  and  surrounded  by  the  ciliary  processes. 
■which  slightly  overlap  its  margin. 

The  capsule  of  the  leng  is  a  transparent,  highly  elastic,  and  brittle  membrane 
which  closely  surrounds  the  lens.     It  rests,  behind,  in  a  depression  in  the  fure  pan 
of  the  vitreous  body  ;  in  front  it  is  in  contact  with  the  free  border  of  the  iris,  this 
latter  receding  from  it  at  the  circumference,  thus  forming  the  posterior  chamber 
of  the  eye  ;  and  it  is  retained  in  its  position  chiefly  by  the  suspensory  ligament  of 
the  lens.     The  capsule  is  much  thicker  in  front  than  behind,  structureless  in  text- 
ure, and  when  ruptured   the  edges  roll  up  with  the  outer  surface   innermost,  like 
the  elastic  lamina  of  the  cornea.     The  anterior  surface  of  the  lens  is  connected  to 
the  inner  surface  of  the  capsule  by  a  single  layer  of  transparent,  polygonal,  nucle- 
ated cells.     At  the  circumference  of  the  lens  these  cells 
undergo  a  change  in  form  :  they  become  elongated,  and 
Bahucin  states   that  he  can  trace  the  gradual  transition 
of  the  cells  into   proper  lens-fibres,  with  which   they  are 
directly   continuous.     There   is   no    epithelium    on   the 
posterior  surface. 

In  the  fcetua  a  small  branch  from  the  arteria  centralis 

retinse  runs  forward,  as  already  mentioned,  through  the 

vitreous  humor  to  the  posterior  part  of  the  capsule  of  the 

lens,  where  its  branches   radiate  and  form  a  plexiform 

Fm.  <9s.— The  ery»t«iiiiic     network  which   covers  its  surface,  and  they  are  continu- 

(En'i'al^'Sr^''  ""*  ^'*''***^'     0U3  round  the  margin  of  the  capsule  with  "the  vessels  of 

the  pupillary  membrane   and  with  those  of  the  iris.     In 

the  adult  no  vessels  enter  its  substance. 

The  /ens  is  a  transparent,  double-convex  body,  the  convexity  being  greater  on 
the  posterior  than  on  the  anterior  surface.  It  measures  about  a  third  of  an  inch 
in  the  transverse  diameter,  and  about  one-fourth  in  the  antero-posterior.  It  con- 
sists of  concentric  layers,  of  which  the  external  in  the  fresh  state  are  soft  and 
easily  detached ;  those  beneath  are  firmer,  the  central  ones  forming  a  hardened 
nucleus.  These  laminse  are  best  demonstrated  by  boiling,  or  immersion  in  alcohol. 
The  same  reagents  demonstrate  that  the  lens  consists  of  three  triangular  segments. 
the  sharp  edges  of  which  are  directed  toward  the  centre,  the  bases  toward  the 
circumference.  The  laminai  consist  of  minute  parallel  fibres  which  are  hexagonal 
prisms,  the  edges  being  dentated.  and  the  dentations  fitting  accurately  into  each 
other;  their  breadth  is  about  ygVi^l*  of  an  inch.  They  run  from  the  sutures  or 
lines  of  junction  of  the  triangular  segments  on  the  one  surface  to  the  periphery  of 
the  lens,  and,  curving  round  its  margin,  they  terminate  at  the  line  of  junction  of 
the  segments  on  the  other.  No  fibres  pass  from  pole  to  pole,  but  they  are 
arranged  in  such  a  way  that  fibres  which  commence  near  the  pole  on  the  one 
aspect  of  the  lens — that  is  to  say,  near  the  apex  of  the  triangular  segment — 
terminate  near  the  peripheral  extremity  of  the  plane  on  the  other,  or  near  the  base 
of  the  triangular  segment,  and  vire  versd.  The  fibres  of  the  outer  layers  of  ihe 
lens  each  contain  a  nucleus,  which  together  form  a  laver  (nuclear  layer)  on  the 
surface  of  the  lens,  most  distinct  toward  its  circumference.  The  meridians,  or 
lines  of  junction  of  the  three  segments,  are  composed  of  an  amorphous  granular 
substance  which  sometime!!  becomes  opac{ue,  when  the  lines  are  seen  forming  a 
distinct  star  on  Ihe  lens.  The  lines  on  one  surface  do  not  lie  immediately  opposite 
those  on  the  other,  but  are  intermediate. 

The  changes  produced  in  the  lens  by  age  are  the  following : 
In  thefaituii  its  form  is  nearly  spherical,  its  color  o^  a  slightly  reddish  tint,  it 
is  not  perfectly  transparent,  and  is  so  soft  as  to  break  down  readily  od  the  slightest 
pressure. 
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In  the  adult  the  posterior  surface  is  more  convex  than  the  anterior ;  it  is  color- 
lesS;  transparent,  and  firm  in  texture. 

In  old  age  it  becomes  flattened  on  both  surfaces,  slightly  opaque,  of  an  amber 
tint,  and  increases  in  density. 

The  au^enaory  ligament  of  the  lens  is  a  thin,  transparent,  membranous  struc- 
ture placed  between  the  vitreous  body  and  the  ciliary  processes  of  the  choroid ;  it 
connects  the  anterior  margin  of  the  vitreous  humor  with  the  anterior  surface  of 
the  lens  near  its  circumference.  It  assists  in  retaining  the  lens  in  its  position. 
Its  outer  surface  presents  a  number  of  folds  or  plaitings  in  which  the  corresponding 
folds  of  the  ciliary  processes  are  received.  These  plaitings  are  arranged  round  the 
lens  in  a  radiating  form,  and  are  stained  by  the  pigment  of  the  ciliary  processes. 
The  suspensory  ligament  is  a  part  of  the  hyaloid  membrane,  which,  as  described 
above,  is  continued  forward  to  the  anterior  part  of  the  margin  of  the  lens.  It  is 
covered  on  its  outer  surface  by  the  pars  ciliaris,  or  connective-tissue  framework 
of  the  retina,  prolonged  forward  from  the  ora  serrata.  That  portion  of  this  mem- 
brane which  intervenes  between  the  ciliary  processes  and  the  capsule  of  the  lens 
forms  part  of  the  boundary  of  the  posterior  chamber  of  the  eye.  The  posterior 
surface  of  this  layer  is  turned  toward  the  vitreous  humor,  being  separated  from  it 
at  the  circumference  of  the  lens  by  a  space  called  the  canal  of  Petit. 

The  canal  of  Petit  is  about  one-tenth  of  an  inch  wide.  It  is  bounded  in  front 
by  the  suspensory  ligament ;  behind  by  the  vitreous  humor,  its  base  being  formed 
by  the  capsule  of  the  lens.  When  inflated  with  air  it  is  sacculated  at  intervals, 
owing  to  the  foldings  on  its  anterior  surface. 

The  arteries  of  the  globe  of  the  eye  are  the  short,  long,  and  anterior  ciliary 
arteries  and  the  arteria  centralis  retinae.  They  have  been  already  described  (see 
page  572). 

The  ciliary  veins  are  seen  on  the  outer  surface  of  the  choroid,  and  are  named, 
from  their  arrangement,  the  vence  vorticosce.  They  converge  to  four  or  five 
equidistant  trunks,  which  pierce  the  sclerotic  midway  between  the  margin  of  the 
cornea  and  the  entrance  of  the  optic  nerve.  Another  set  of  veins  accompany  the 
anterior  ciliary  arteries  and  open  into  the  ophthalmic  vein. 

The  ciliary  nerves  are  derived  from  the  nasal  branch  of  the  ophthalmic  and 
from  the  ciliary  or  ophthalmic  ganglion. 

Surgical  Anatomy. — Foreign  bodies  irequently  get  into  the  conjunctival  sac  and  cause 
great  pain,  especially  if  they  come  in  contact  with  the  corneal  surface  during  the  movements  of 
the  lia  and  the  eye  on  each  other.  The  conjunctiva  is  frequently  involved  in  severe  injuries  of 
the  eyeball,  but  is  seldom  ruptured  alone ;  the  most  common  form  of  iiyury  to  the  conjunctiva 
alone  is  from  a  bum,  either  from  fire,  strong  acids,  or  lime.  In  these  eases  union  is  liable  to  take 
place  between  the  ejrelid  and  the  eyeball.  The  conjunctiva  is  oflen  the  seat  of  inflammation 
arising  from  many  diflerent  causes,  and  the  arrangement  of  the  conjunctival  vessels  should  be 
remembered  as  anordin^  a  means  of  diagnosis  between  this  condition  and  im'ection  of  the  sclero- 
tic, which  is  present  in  mflammations  of  the  deeper  structures  of  the  globe.  Tlie  inflamed  con- 
junctiva is  bright  red ;  the  vessels  are  large  and  tortuous,  and  greatest  at  the  circumference, 
shading  ofl"  toward  the  corneal  margin ;  they  anastomose  freely  and  form  a  dense  network,  and 
they  can  be  em|)tied  or  displaced  by  gentle  pressure. 

From  a  surgical  point  of  view  the  cornea  may  be  regarded  as  consisting  of  three  layers :  ( 1 ) 
of  an  external  epithelial  layer,  developed  from  the  epiblast,  and  continuous  with  the  external 
epithelial  covering  of  the  rest  of  the  body,  and  therefore  in  its  lesions  resembling  those  of  the 
epidermis  and  superficial  layers  of  the  derma ;  (2)  of  the  cornea  proper,  derived  from  the  meso- 
biast,  and  associated  in  its  diseases  with  the  fibro-vascular  structures  of  the  body;  and  (3)  the 
posterior  elastic  layer  with  its  endothelium,  also  derived  from  the  mesoblast  and  having  the 
characters  of  a  serous  membrane,  so  that  inflammation  of  it  resembles  inflammation  of  the  other 
serous  and  synovial  membranes  of  the  body. 

The  cornea  contains  no  blood-vessels,  except  at  its  periphery,  where  numerous  delicate 
loops,  derived  from  the  anterior  ciliary  arteries,  may  be  denionstnited  on  the  anterior  surface  of 
the  cornea.  The  rest  of  the  cornea  is  nourished  by  lymph,  which  gains  access  to  the  proper  sub- 
stance of  the  cornea  and  the  posterior  layer  through  the  spaces  of  Fontana.  This  lack  of  a 
direct  blood-supply  renders  the  cornea  very  apt  to  inflame  in  the  cachectic  and  ill-nourished.  In 
cases  of  granular  lids  there  is  a  peculiar  affection  of  the  coniea,  called  pannns,  in  which  the 
anterior  layers  of  the  cornea  become  vascularized,  and  a  rich  network  of  olood-vessels  may  be 
seen  on  the  cornea;  and  in  interstitial  keratitis  new  vessels  extend  into  the  cornea,  giving  it  a 
pinkish  hue,  to  which  the  term  "  salmon  patch  ''  is  applied.     The  cornea  is  richly  supplied  with 
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nerves,  derived  from  the  ciliary,  which  enter  the  cornea  through  the  fore  part  of  the  sclerotic 
and  form  plexuses  in  the  stroma,  terminating  between  the  epithelial  cells  by  free  ends  or  in  cor- 
puscles. In  cases  of  glaucoma  the  ciliary  nerves  may  be  pressed  upon  as  they  course  between 
the  choroid  and  sclerotic,  and  the  cornea  becomes  anaesthetic.  The  sclerotic  has  very  few  blood- 
vessels and  nerves.  The  blood-vessels  are  derived  from  the  anterior  ciliary,  and  form  an  open 
plexus  in  its  substance.  As  they  approach  the  copeal  margin  this  arrangement  is  peculiar. 
bome  branches  pass  through  the  sclerotic  to  the  ciliary  body ;  others  become  superficial  and  lie 
in  the  episcleral  tissue,  and  form  arches,  by  anastomosing  with  each  other,  some  httle  distance 
behind  the  corneal  margin.  From  these  arches  numerous  straight  vessels  are  given  off,  which 
run  forward  to  the  cornea,  forming  \X&  marginal  plexus.  In  innammation  of  the  sclerotic  and 
episcleral  tissue  these  vessels  become  conspicuous,  and  form  a  pinkish  zone  of  straight  vesseb 
radiating  from  the  corneal  margin,  commonly  known  as  the  zone  of  ciliar>'  injection,  in  inflam- 
mation of  the  iris  and  ciliary  bod^  this  zone  is  present,  since  the  sclerotic  speedily  becomes 
involved  when  these  structures  are  mflamed.  But  in  inflammation  of  the  cornea  the  sclerotic  is 
seldom  much  affected,  though  the  cornea  and  sclerotic  are  structurally  continuous.  This  would 
appear  to  be  due  to  the  fact  that  the  nutrition  of  the  cornea  is  derived  from  a  difi*erent  source 
from  that  of  the  sclerotic.  The  sclerotic  may  be  ruptured  subcutaneously  without  any  laceration  of 
the  conjunctiva,  and  the  rupture  usually  occurs  near  the  corneal  margin,  where  the  tunic  is  thin- 
nest. It  may  be  complicated  with  lesions  of  adjacent  parts — laceration  of  the  choroid,  retina, 
iris,  or  suspensory  ligament  of  the  lens — and  is  then  oflen  attended  with  haemorrhage  into  the 
anterior  chamber,  which  masks  the  nature  of  the  injury.  In  some  cases  the  lens  has  escaped 
through  the  rent  in  the  sclerotic,  and  has  been  found  under  the  conjunctiva.  Wounds  of  the 
sclerotic  are  alwavs  dangerous,  and  are  oflen  followed  by  inflammation,  suppuration,  and  by 
sympathetic  ophttiahnia. 

The  function  of  the  choroid  is  to  provide  nutrition  for  the  retina  and  to  convey  vessels  and 
nerves  to  the  ciliary  bod^'  and  iris.  Inflammation  of  the  choroid  is  therefore  followed  by  grave 
disturbance  in  the  nutrition  of  the  retina,  and  is  attended  with  early  interference  with  vi.sion. 
In  its  diseases  it  bears  a  considerable  analogy  to  those  which  affect  the  skin,  and,  like  it, 
is  one  of  the  places  from  which  melanotic  sarcomata  may  grow.  These  tumors  contain  a  laree 
amount  of  pigment  in  their  cells,  and  grow  only  from  those  parts  where  pigment  is  naturally 
present.  The  choroid  may  be  ruptured  without  injury  to  the  other  tunics,  as  well  as  participa- 
ting in  general  injuries  of  the  eyeball.  In  cases  of  uncomplicated  rupture  the  injurj^  is  usually 
at  its  posterior  part,  and  is  the  result  of  a  blow  on  the  front  of  the  ej^e.  It  is  attended  by  con- 
sideraole  h^einorrhage,  which  for  a  time  may  obscure  vision,  but  in  most  cases  this  is  restored  as 
soon  as  the  blood  is  absorbed. 

The  iris  is  the  seat  of  a  malformation,  termed  colobotna,  which  consists  in  a  deficiency  or 
cleft,  which  in  a  great  number  of  cases  is  clearly  due  to  an  arrest  in  development.  In  these  cases 
it  is  found  at  the  lower  aspect,  extending  directly  downward  from  the  pupil,  and  the  gap 
frequently  extends  through  tne  choroid  to  tne  entrance  of  the  optic  nerve.  In  some  rarer  cases 
the  gap  is  found  in  other  parts  of  the  iris,  and  is  then  not  associated  with  any  deficiency  of  the 
choroia.  The  iris  is  abundantly  supplied  with  blood-vessels  and  nerves,  and  is  therefore  very 
prone  to  become  inflamed.  And  when  inflamed,  in  consequence  of  the  intimate  relationship 
which  exists  between  the  vessels  of  the  iris  and  choroid  this  latter  tunic  is  ver>*  apt  to  participate 
in  the  inflammation.  And,  in  addition,  inflammation  of  adjacent  structures,  the  cornea  and 
sclerotic,  is  apt  to  spread  into  the  iris.  The  iris  is  covered  with  epithelium,  and  partakes  of  the 
character  of  a  serous  membrane,  and,  like  these  structures,  is  liable  to  pour  out  a  plastic  exuda- 
tion when  inflamed,  and  contract  adhesions,  either  to  the  cornea  in  front  (fnfnechia  anterior)^  or 
to  the  capsule  of  the  lens  behind  {synediia  posterior).  In  iritis  the  lens  may  become  involved, 
and  the  condition  known  as  secondary  cataract  may  be  set  up.  Tumors  occasionally  commence  in 
the  iris;  of  these,  cysts,  which  are  usually  congenital  and  sarcomatous  tumors,  are  the 
most  common  and  recjuire  removal.  Gummata  are  not  unfrequently  found  in  this  situa- 
tion. In  some  forms  of  injury  of  the  eyeball,  as  the  impact  of  a  spent  shot,  the  rebound  of  a 
twig,  or  a  blow  with  a  whip,  the  iris  may  be  detached  from  the  Ciliar)'  muscle,  the  amount  of 
detachment  varying  from  the  slightest  degree  to  the  separation  of  the  whole  iris  firom  its  ciliar>- 
connection. 

The  retina,  with  the  exception  of  its  pigment-layer  and  its  vessels,  is  perfectly  transparent, 
so  as  to  be  invisible  when  examined  by  the  ophthalmoscope,  so  that  its  diseased  conditions  are 
recognized  by  its  loss  of  transparency.  In  retinitis,  for  instance,  there  is  more  or  less  dense  and 
extensive  opacity  of  its  structure,  and  not  unfrequently  extravasations  of  blood  into  its  sub- 
stance. Hjemorrhages  may  also  take  place  into  the  retina  from  rupture  of  a  blood-vessel  with- 
out inflammation. 

The  retina  may  become  displaced  from  effiision  of  serum  between  it  and  the  choroid  or  by 
blows  on  the  eyeball,  or  may  occur  without  apparent  cause  in  progressive  myopia,  and  in  this 
case  the  ophthalmoscope  shows  an  opaque,  tremulous  cloud.  Glioma,  a  form  of  sarcoma,  and 
essentially  a  disease  of  early  life,  is  occasionally  met  with  in  connection  with  the  retina. 

The  lens  has  no  blood-vessels,  nerves,  or  connective  tissue  in  its  structure,  and  therefore  is 
not  subject  to  those  morbid  changes  to  which  tissues  containing  these  structures  are  liable.  It 
does,  however,  present  certain  morbid  or  abnormal  conditions  oi  various  kinds.  Thus,  variations 
in  shape,  absence  of  the  whole  or  a  part  of  the  lens,  and  displacements  are  amongst  its  congeni- 
tal (leiects.  Opacities  may  occur  from  injury,  senile  changes,  malnutrition,  or  errors  in  growth 
or  development.     Senile  changes  may  take  place  in  the  lens,  impairing  its  elasticity  and  render- 
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ing  it  harder  than  in  youth,  so  that  ite  curvature  can  only  be  altered  to  a  limited  extent  by  the 
Ciliary  muscle.  And,  finally,  the  lens  may  be  dislocated  or  displaced  by  blows  upon  the  eyeball, 
and  its  relations  to  surrounding  structures  altered  by  adhesions  or  the  pressure  of*  new  growths. 
There  are  two  particular  regions  of  the  eye  which  require  special  notice :  one  of  these  is 
known  as  the  **  filtration  area,"  and  the  other  as  the  *'  dangerous  area."  The  JUtration  area  is 
the  circumcorneal  zone  immediately  in  front  of  the  iris.  Here  are  situated  the  cavernous  spaces 
of  Fontana,  which  communicate  with  the  canal  of  Schlemm.  through  which  the  chief  transuda- 
tion of  fluid  from  the  eve  is  now  believed  to  take  place.  The  dangerous  area  of  the  eye  is  the 
region  in  the  neighborhood  of  the  ciliary  body,  and  wounds  or  iryuries  in  this  situation  are 
peculiarly  dangerous ;  for  inflammation  of  the  ciliary  body  is  liable  to  spread  to  many  of  the 
other  structures  of  the  eye,  especially  to  the  iris  and  choroid,  which  are  intimately  connected  by 
nervous  and  vascular  supplies.  Moreover,  wounds  which  involve  the  ciliaiy  region  are  especially 
liable  to  be  followed  by  sympathetic  ophthalmia,  in  which^  destructive  inflammation  of  one  eye 
is  excited  by  some  irritation  in  the  other. 

The  Appendages  of  the  Eye. 

The  appendages  of  the  eye  {tutamina  oculi)  include  the  eyebrows,  the  eyelids, 
the  conjunctiva,  and  the  lachrymal  apparatus — viz.  the  lachrymal  gland,  the 
lachrymal  sac,   and  the  nasal  duct. 

The  eyebrows  {supercilia)  are  two  arched  eminences  of  integument  which 
surmount  the  upper  circumference  of  the  orbit  on  each  side,  and  support  numer- 
ous short,  thick  hairs,  directed  obliquely  on  the  surface.  In  structure  the  eye- 
brows consist  of  thickened  integument,  connected  beneath  with  the  Orbicularis 
palpebrarum,  Corrugator  supercilii,  and  Occipito-frontalis  muscles.  These  mus- 
cles serve,  by  their  action  on  this  part,  to  control  to  a  certain  extent  the  amount 
of  light  admitted  into  the  eye. 

The  eyelids  (palpebrce)  are  two  thin,  movable  folds  placed  in  front  of  the 
eye,  protecting  it  from  injury  by  their  closure.  The  upper  lid  is  the  larger 
and  the  more  movable  of  the  two,  and  is  furnished  with  a  separate  elevator 
muscle,  the  Levator  palpebra*  superioris.  When  the  eyelids  are  opened  an 
elliptical  space  {Jissura  palpebrarum)  is  left  between  their  margins,  the  angles 
of  which  correspond  to  the  junction  of  the  upper  and  lower  lids,  and  are 
called  canthi. 

The  outer  canthus  is  more  acute  than  the  inner,  and  the  lids  here  lie  in  close 
contact  with  the  globe ;  but  the  inner  canthus  is  prolonged  for  a  short  distance 
inward  toward  the  nose,  and  the  two  lids  are  separated  by  a  triangular  space,  the 
lacus  lacfin/malis.  At  the  commencement  of  the  lacus  lachrymalis,  on  the  margin 
of  each  eyelid,  is  a  small  conical  elevation,  the  lachrymal  papilla^  or  tubercle,  the 
apex  of  which  is  pierced  by  a  small  orifice,  the  punctum  lachrymale,  the  com- 
mencement of  the  lachrymal  canal. 

The  eyelashes  (cilia)  are  attached  to  the  free  edges  of  the  eyelids ;  they  are 
short,  thick,  curved  hairs,  arranged  in  a  double  or  triple  row  at  the  margin  of  the 
lids :  those  of  the  upper  lid,  more  numerous  and  longer  than  the  lower,  curve 
upward ;  those  of  the  lower  lid  curve  downward,  so  that  they  do  not  interlace  in 
closing  the  lids.  Near  the  attachment  of  the  eyelashes  are  the  openings  of  a 
number  of  glands,  glands  of  Mold,  arranged  in  several  rows  close  to  the  free 
margin  of  the  lid.  They  resemble  in  structure  a  portion  of  a  sw^eat-gland,  and 
are  regarded  as  the  modified   sweat-glands  of  this  region. 

Stmctore  of  the  Eyelids. — The  eyelids  are  composed  of  the  following  struc- 
tures, taken  in  their  order  from  without  inw^ard : 

Integument,  areolar  tissue,  fibres  of  the  Orbicularis  muscle,  tarsal  plate 
(cartilage),  and  its  ligament.  Meibomian  glands  and  conjunctiva.  The  upper  lid 
has,  in  addition,  the  aponeurosis  of  the  Levator  palpebrae. 

The  integument  is  extremely  thin,  and  continuous  at  the  margin  of  the  lids 
with  the  conjunctiva. 

The  subcutaneous  areolar  tissue  is  very  lax  and  delicate,  seldom  contains  any 
fat,  and  is  extremely  liable  to  serous  infiltration. 

The  fibres  of  the  Orbicularis  muscle^  where  they  cover  the  palpebrae,  are  thin, 
pale  in  color,  and  possess  an  involuntary  action. 
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The  tarsal  plates  (cartilages)  ^  are  two  thin  elongated  plates  of  dense  connect- 
ive tissue  about  an  inch  in  length.  They  are  placed  one  in  each  lid,  contribut- 
ing to  their  form  and  support. 

The  superior,  the  larger,  is  of  a  semilunar  form,  about  one-third  of  an  inch  in 
breadth  at  the  centre,  and  becoming  gradually  narrowed  at  each  extremity.  Into 
the  anterior  surface  of  this  plate  the  aponeurosis  of  the  Levator  palpebrse  is 
attached. 

The  inferior  tarsal  plate,  the  smaller,  is  thinner  and  of  an  elliptical  form. 

^hefree  or  ciliary  margin  of  these  plates  is  thick,  and  presents  a  perfectly 
straight  edge.  The  attached  or  orbital  margin  is  connected  to  the  circumference 
of  the  orbit  by  the  fibrous  membrane  of  the  lids  with  which  it  is  continuous.  The 
outer  angle  of  each  plate  is  attached  to  the  malar  bone  by  the  external  palpebral 
or  tarsal  ligament.  The  inner  angles  of  the  two  plates  terminate  at  the  com- 
mencement of  the  lacus  lachrymalis,  being  fixed  to  the  margins  of  the  orbit  by 
the  tendo  oculi. 

The  tarsal  ligament^  or  fibrous  membrane  of  the  lids,  is  a  layer  of  fibrous 
membrane  beneath  the  Orbicularis,  attached  marginally  to  the  edge  of  the  orbit, 
where  it  becomes  continuous  with  the  periosteum,  and  centrally  to  the  ta.rsal 
plate,  near  its  ciliary  margin,  with  the  tissue  of  which  it  is  continuous.  It  is 
thickest  and  densest  at  the  outer  part  of  the  orbit.  Upon  its  under  surface  is  a 
layer  of  unstriped  muscle,  which  in  the  upper  lid  passes  from  the  aponeurosis  of 
the  Levator  palpebrae  muscle  to  the  tarsal  plate.  This  ligament  serves  to  support 
the  eyelids,  and  retains  the  tarsal  plates  in  their  position. 

The  Meibomian  glands  (Fig.  497)  are  situated  upon  the  inner  surface  of  the 
eyelids  between  the  tarsal  plates  and  conjunctiva,  and  may  be  distinctly  seen 
through  the  mucous  membrane  on  everting  the  eyelids,  presenting  the  appear- 
ance of  parallel  strings  of  pearls.  They  are  about  thirty  in  number  in  the  upper 
eyelid,  and  somewhat  fewer  in  the  lower.  They  are  imbedded  in  grooves  in  the 
inner  surface  of  the  tarsal  plates,  and  correspond  in  length  with  the  breadth  of 
each  plate ;  they  are,  conseciuently,  longer  in  the  upper  than  in  the  lower  eyelid. 
Their  ducts  open  on  the  free  margin  of  the  lids  by  minute  foramina,  which  cor- 
respond in  number  to  the  follicles.  The  peculiar  parallel  arrangement  of  these 
glands,  side  by  side,  forms  a  smooth  layer  adapted  to  the  surface  of  the  globe, 
over  which  they  constantly  glide.  The  use  of  their  secretion  is  to  prevent  adhe- 
sions of  the  lids. 

Structure  of  the  Meibomian  Grlands. — These  glands  are  a  variety  of  the  cuta- 
neous sebaceous  glands,  each  consisting  of  a  single  straight  tube  or  follicle,  hav- 
ing a  caecal  termination,  and  with  numerous  small  secondary  follicles  opening 
into  it.  The  tubes  consist  of  basement  membrane,  covered  by  a  layer  of  scaly 
epithelium ;  the  secondary  follicles  are  lined  by  a  layer  of  polyhedral  cells  con- 
tinuous with  the  cells  of  the  tube.  The  remainder  of  the  follicle  is  filled  with 
large  polyhedral  cells  charged  with  fat.  They  are  thus  identical  in  structure 
with  the  sebaceous  glands. 

The  conjunctiva  is  the  mucous  membrane  of  the  eye.  It  lines  the  inner  surface 
of  the  eyelids,  and  is  reflected  over  the  fore  part  of  the  sclerotic  and  cornea.  In 
each  of  these  situations  its  structure  presents  some  peculiarities. 

The  palpebral  portion  of  the  conjunctiva  is  thick,  opaque,  highly  vascular,  and 
covered  with  numerous  papillae,  its  deeper  parts  presenting  a  considerable  amount 
of  lymphoid  tissue.  At  the  margin  of  the  lids  it  becomes  continuous  with  the 
lining  membrane  of  the  ducts  of  the  Meibomian  glands,  and,  through  the  lachrymal 
canals,  with  the  lining  membrane  of  the  lachrymal  sac  and  nasal  duct.  At  the 
outer  angle  of  the  upper  lid  it  may  be  traced  along  the  lachrymal  ducts  into  the 
lachrymal  gland,  and  at  the  inner  angle  of  the  eye  it  forms  a  semilunar  fold, 
the  plica  semilunaris.  The  folds  formed  by  the  reflection  of  the  conjunctiva  from 
the  lids  on  to  the  eye  are   called    the    superior  &nd  inferior  palpebral  foldsy  the 

*  Recent  observations  have  proved  that  tlie  so-called  **  tarsal  cartilages  *'  do  not  contain  any  carti- 
lage-cells, and  that  the  name  is  a  misnomer. 
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former  being  the  deeper  of  the  two.  Upon  the  sclerotic  ihfi  conjunctiva  ia  loosely 
connected  to  the  globe:  it  becomes  thinner,  loses  its  papillary  structure,  is 
transparent,  and  only  slightly  vascular  in  health.  UpoD  the  cornea  the  con- 
junctiva consists  only  of  epithelium,  constituting  the  anterior  layer  of  the  cornea 
(conjunctival  epithelium)  already  described  (see  page  855).  Lt/mpkatics  arise  in  the 
conjunctiva  in  a  delicate  zone  around  the  cornea,  from  which  the  vessels  run  to 
the  ocular  conjunctiva. 

At  the  point  of  reflection  of  the  conjunctiva  from  the  lid  on  to  the  globe  of  the 
eye,  termed  the  fornix  conjunctiva^  are  a  number  of  mucous  glands  which  are  much 
convoluted.     They  are  chiefly  found  in  the  upper  lid.     Other  glands,  analogous  to 


Fig.  497.— The  Meibomian  glanilii.  etc.,  seen  rVDm  the  Inner  surfkce  of  the  e; eUdi. 

lymphoid  follicles,  and  called  by  Henle  trachoma  glands,  are  found  in  the  con- 
junctiva, and,  according  to  Strohmeyer,  are  chiefly  situated  near  the  inner  canthus 
of  the  eye.  They  were  first  described  by  Brush,  in  his  description  of  Peyer's 
patches  of  the  small  intestines,  as  "  identical  structures  existing  in  the  under  eye- 
lid of  the  ox." 

The  nerves  in  the  conjunctiva  are  numerous  and  form  rich  plexuses.  According 
to  Krause,  they  terminate  in  a  peculiar  form  of  tactile  corpuscle,  which  he  terms 
the  "  terminal  bulb." 

The  cariincula  lackrymalis  is  a  small,  reddish,  conical-shaped  body,  situated  at 
the  inner  canthus  of  the  eye,  and  filling  up  the  small  triangular  space  in  this  situa- 
tion, the  lacu»  lachrymalig.  It  consists  of  a  cluster  of  follicles  similar  in  structure 
to  the  Meibomian,  covered  with  mucous  membrane,  and  is  the  source  of  the  whitish 
secretion  which  constantly  collects  at  the  inner  angle  of  the  eye.  A  few  slender 
hairs  are  attached  to  its  surface.  On  the  outer  side  of  the  caruncula  is  a  slight 
semilunar  fold  of  mucous  membrane,  the  concavity  of  which  is  directed  toward  the 
cornea;  it  ia  called  the p/ira  8en»7«/ian'g.  Muller  found  smooth  muscular  fibres 
in  this  fold,  and  in  some  of  the  domesticated  animals  a  thin  plate  of  cartilage  has 
been  discovered.  This  structure  is  considered  to  be  the  rudiment  of  the  third  eyelid 
in  birds,  the  metnbrana  nictitans. 

The  Lachrymal  Apparatus  (Fig.  498). 

The  lachrymal  apparatus  consists  of  the  lachrymal  gland,  which  secretes  the 
tears,  and  its  excretory  ducts,  which  convey  the  fluid  to  the  surface  of  the  eye. 
This  fluid  is  carried  away  by  the  lachrymal  canals  into  the  lachrymal  sac,  and  along 
the  nasal  duct  into  the  cavity  of  the  nose. 

The  lachrymal  gland  is  lodged  in  a  depression  at  the  outer  angle  of  the  orbit, 
on  the  inner  side  of  the  external  angular  process  of  the  frontal  bone.     It  is  of  an 
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ova.]  form,  about  the  size  and  aii&pe  of  an  almond.  Its  upper  convex  surface  is  in 
contact  with  the  periosteum  of  the  orbit,  to  which  it  is  connected  by  a  few  fibrous 
bands.  Its  under  concave  surface  reats  upon  the  convexity  of  the  eyeball  and 
upon  the  Superior  and  External  recti  muscles.  Its  vessels  and  nerves  enter  its 
posterior  border,  whilst  its  anterior  margin  is  closely  adherent  to  the  back  part  of 
the  upper  eyelid,  where  it  is  covered  to  a  slight  extent  by  the  reflection  of  the  con- 
junctiva. The  fore  part  of  the  gland  is  separated  from  the  rest  by  a  fibrous  septum ; 
hence  it  is  sometimes  described  as  a  separate  lobe,  called  the  palpebral  portion  of 
the  gland  {ocreMory  gland  of  RosenmUller).  Its  ducts,  about  seven  in  number, 
run  obliquely  beneath  the  mucous  membrane  for  a  short  distance,  and.  separatinj: 
from  each  other,  open  by  a  series  of  minute  orifices  on  the  upper  and  outer  half 


Fio.  498.— The  lachTTmal  apparnlin.    RlRht  sidp. 

of  the  conjunctiva  near  its  reflection  on  to  the  globe.  These  orifices  are  arranged 
in  a  row,  so  as  to  disperse  the  secretion  over  the  surface  of  the  membrane. 

Structure  of  the.  Lachrymal  Gland. — In  structure  and  general  appearance  the 
lachrymal  resembles  the  serous  salivary  glands  (page  908).  In  the  recent  state  the 
cells  are  so  crowded  with  granules  that  their  limits  can  hardly  be  defined.  They 
contain  an  oval  nucleus,  and  the  cell-protoplasra  is  finely  fibrillated. 

The  lachrymal  canals  commence  at  the  minute  orifices,  puncta  lachrymaliij, 
on  the  summit  of  a  small  conical  elevation,  the  lachrymal  papilla,  seen  on  the 
margin  of  the  lids  at  the  outer  extremity  of  the  lacus  lachrymBlii*.  The  nuperior 
canal,  the  smaller  and  shorter  of  the  two,  at  first  ascends,  and  then  bends  at  an 
acute  angler  and  passes  inward  and  downward  to  the  lachrymal  sac.  The 
inferior  canal  at  first  descends,  and  then,  abruptly  changing  its  course,  passes 
almost  horizontally  inward  to  the  lachrymal  sac.  These  canals  are  dense  and 
elastic  in  structure  and  somewhat  dilated  at  their  angle.  The  mucous  membrane 
is  covered  with  scaly  epithelium. 

The  lachiymal  sac  is  the  upper  dilated  extremity  of  the  nasal  duct,  and  is 
lodged  in  a  deep  groove  formed  by  the  lachrymal  bone  and  nasal  process  of  the 
superior  maxillary.  It  is  oval  in  form,  its  upper  extremity  being  closed  in  and 
rounded,  whilst  below  it  is  continued  into  the  nasal  duct.  It  is  covered  by  a  fibrous 
expansion  derived  from  the  tendo  oeuli.  and  on  the  inner  side  it  is  crossed  by  the 
Tensor  tarsi  muscle  (Horner's  muscle,  page  397),  which  is  attached  to  the  ridge 
on  the  lachrymal  bone. 

Stmctnre. — It  consists  of  a  fibrous  elastic  coat,  lined  internally  by  mucous 
membrane,  the  latter  being  continuous,  through  the  lachrymal  canals,  with  the 
mucous  lining  of  the  conjunctiva,  and,  through  the  nasal  duct,  with  the  pituitary 
membrane  of  the  nose. 
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The  nasal  duct  is  a  membranous  canal,  about  three-quarters  of  an  inch  in 
length,  which  extends  from  the  lower  part  of  the  lachrymal  sac  to  the  inferior 
meatus  of  the  nose,  where  it  terminates  by  a  somewhat  expanded  orifice,  provided 
with  an  imperfect  valve,  the  valve  of  Hmner,  formed  by  the  mucous  membrane.  It 
is  contained  in  an  osseous  canal  formed  by  the  superior  maxillary,  the  lachrymal,  and 
the  inferior  turbinated  bones,  is  narrower  in  the  middle  than  at  each  extremitv, 
and  takes  a  direction  downward,  backward,  and  a  little  outward.  It  is  lined 
by  mucous  membraile,  which  is  continuous  below  with  the  pituitary  lining  of  the 
nose.  This  membrane  in  the  lachrymal  sac  and  nasal  duct  is  covered  with  ciliated 
epithelium  as  in  the  nose. 

Snrfeuse  Form. — ^The  palpebral  fissure,  or  opening  between  the  eyelids,  is  elliptical  in  shape, 
and  differs  in  size  in  different  individuals  and  in  different  races  of  mankind.  In  the  Mongolian 
races,  for  instance,  the  opening  is  very  small,  merely  a  narrow  fissure,  and  this  makes  the  eye- 
ball appear  small  in  these  races,  whereas  the  size  of  the  eye  is  relatively  very  constant.  The 
Dormal  direction  of  the  fissure  is  slightly  oblique,  in  a  direction  upward  and  outward,  so  that  the 
outer  angle  is  on  a  slightly  higher  level  than  the  inner.  This  is  especially  noticeable  in  the  Mon- 
golian races,  in  whom,  owing  to  the  upward  projection  of  the  malar  bone  and  the  shortness  of 
the  external  angular  process  of  the  frontal  bone,  the  tarsal  plate  of  the  upper  lid  is  raised  at  its 
outerpart  and  gives  an  oblique  direction  to  the  palpebral  fissure. 

When  the  eyes  are  directed  forward,  as  in  ordinary  vision,  the  upper  part  of  the  cornea  is 
covered  by  the  upper  lid,  and  the  lower  margin  of  the  cornea  corresponds  to  the  level  of  the 
lower  lid,  so  that  about  the  lower  three-fourths  of  the  cornea  is  exposed  under  ordinaiy  circum- 
stances. On  the  margins  of  the  lids,  about  a  quarter  of  an  inch  from  the  inner  canthus,  are  two 
small  openings,  the  puncta  lachrymalia,  the  commencement  of  the  lachrymal  canals.  They  are 
best  seen  by  everting  the  eyelids.  In  the  natural  condition  they  are  in  contact  with  the  con- 
junctiva of  the  eyeball,  and  are  maintained  in  this  position  by  the  Tensor  tarsi  muscle,  so  that 
the  tears  running  over  the  surface  of  the  globe  easily  find  their  way  into  the  lachrymal  canals. 
The  position  of  the  lachrymal  sac  into  which  the  canals  open  is  indicated  by  a  little  tubercle 
(page  226),  which  is  plainly  to  be  felt  on  the  lower  margin  of  the  orbit.  The  lachrymal  sac  lies 
immediately  above  and  to  the  inner  side  of  this  tubercle,  and  a  knife  passed  through  the  skin 
in  this  situation  would  open  the  cavity.  The  position  of  the  lachr^'mal  sac  may  also  be  indicated 
by  the  tendo  oculi  or  internal  tarsal  ligament.  If  both  lids  be  drawn  outward,  so  as  to  tense  the 
skin  at  the  inner  angle,  a  prominent  cord  will  be  seen  beneath  the  tightened  skin.  This  is  the 
femlo  ocidt\  which  lies  immediately  over  the  lachrymal  sac,  bisecting  it,  and  thus  forming  a  use- 
ful guide  to  its  situation.  A  knife  entered  immediatelv  beneath  the  tense  cord  would  oiien  the 
lower  part  of  the  sac.  A  probe  introduced  through  this  opening  can  be  readily  passed  down- 
ward through  the  duct  into  the  inferior  meatus  of  the  nose.  The  direction  of  the  duct  is  down- 
ward, outward,  and  backward,  and  this  course  should  be  borne  in  mind  in  passing  the  probe, 
otherwise  the  point  may  be  driven  through  the  thin  bony  walls  of  the  canal.  A  convenient 
plan  is  to  direct  the  probe  in  such  a  manner  that  if  it  were  pushed  onward  it  would  strike  the 
first  molar  tooth  of  the  lower  jaw  on  the  same  side  of  the  body.  In  other  words,  the  surgeon 
standing  in  front  of  his  patient  should  cany  in  his  mind  the  position  of  the  first  molar  tooth, 
and  should  pu.sh  his  probe  onward  in  such  a  way  as  if  he  desired  to  reach  this  structure. 

Beneatn  the  internal  angular  process  of  the  frontal  bone  the  pulley  of  the  Superior  oblique 
muscle  of  the  eye  can  be  plainly  felt  by  pushing  the  finger  backward  between  the  upper  and 
inner  angle  of  tlie  eye  and  the  roof  of  the  orbit ;  passing  backward  and  outward  trom  this 
pulley,  the  tendon  can  be  felt  for  a  short  distance. 

Surgical  Anatomy. — ^The  eyelids  are  composed  of  various  tissues,  and  consequently  are 
liable  to  a  variety  of  di.seases.  The  skin  which  covers  them  is  exceedingly  thin  and  delicate,  and 
is  supported  on  a  quantity  of  loose  and  lax  subcutaneous  tissue  which  contains  no  fat.  In  conse- 
quence of  this  it  is  ver>'  freely  movable,  and  is  liable  to  be  draw^n  down  by  the  contraction  of 
neighboring  cicatrices,  and  thus  produce  an  e version  of  the  lid  known  as  ectropion.  Inversion 
of  the  lids  (entropion)  from  spasm  of  the  Orbicularis  palpebrarum  or  from  chronic  inflammation 
of  the  palpebral  conjunctiva  may  also  occur.  The  eyelids  are  richly  supplied  with  blood,  and  are 
often  tne  seat  of  vascular  growths,  such  as  naevi.  Rodent  ulcer  also  irequently  coniiiiences  in 
this  situation.  The  loose  cellular  tissue  beneath  the  skin  is  liable  to  become  extensively  infil- 
trated either  with  blood  or  inflammatory  products,  producing  very  great  swelling.  Even  from 
ver>'  slight  injuries  to  this  tissue  the  extravasation  of  bl(X)d  may  be  so  great  as  to  produce  consid- 
erable swelling  of  the  lids  and  complete  closure  of  the  eye,  and  the  same  is  the  case  when  inflam- 
matory products  are  poured  out.  Tlie  follicles  of  the  eyelashes  or  the  sebaceous  glands  ass^nnated 
with  these  follicles  maybe  the  seat  of  inflammation,  constituting  the  ordinary  "sty."  The 
Meibomian  glands  are  affected  in  the  so-called  "tarsal  tumor;  "  the  tumor,  according  to  some, 
being  caused  by  the  retained  secretion  of  these  glands;  by  others  it  is  believed  to  be  a  neoplasm 
connected  with  the  gland.  The  ciliary  follicles  are  liable  to  become  inflamed,  constituting  the 
disease  known  as  hlepluiritis  ct'fiaris^  or  "  blear-eye."  Irregular  or  disorderly  growth  of  the  eye- 
lashes  not  unfrequently  occurs,  some  of  them  being  turned  toward  the  eyeball  and  j)roducing 
inflammation  and  ulceration  of  the  cornea,  and  possibly  eventually  complete  destruction  of  the 
eye.     The  Orbicularis  palpebrarum  may  be  the  seat  of  spasm,  either  in  the  form  of  slight  quiv- 
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ering  of  the  lids  or  repeated  twitchings,  most  commonly  due  to  errors  of  refraction  in  children, 
or  more  continuous  spasm,  due  to  some  irritation  of  the  fifth  or  seventh  cranial  nerve.  The 
Orbicularis  may  be  paralyzed,  generally  associated  with  paralysis  of  the  other  facial  muscles. 
Under  these  circimistances  the  patient  is  unable  to  close  the  lids,  and,  if  he  attempts  to  do  so. 
rolls  the  eyeball  upward  under  the  upper  lid.  The  tears  overflow  from  displacement  of  the 
lower  lid,  and  the  coivjunctiva  and  cornea,  being  constantly  exposed  and  the  patient  being  unable 
to  wink,  become  irritated  from  dust  and  foreign  bodies.  In  paral3rsis  of  the  Levator  palpebne 
superioris  there  is  drooping  of  the  upper  eyelid  and  other  svmptoms  of  implication  of  the  third 
nerve.  The  eyelids  may  be  the  seat  of  bruises,  wounds,  or  bums.  In  tj^ese  latter  iiyuries  adhe- 
sions of  the  margins  of  the  lids  to  each  other  or  adhesion  of  the  lids  to  the  globe  may  take 
place.  The  eyelids  are  sometimes  the  seat  of  emphysema  afrer  fracture  of  some  of  the  thin 
bones  forming  the  inner  wall  of  the  orbit.  If  shortly  afrer  such  an  injurv  the  patient  blows  his 
nose,  air  is  forced  from  the  nostril  through  the  lacerated  structures  into  the  connective  tissue  of 
the  eyelids,  which  suddenly  s\^ll  up  and  present  the  peculiar  crackling  characteristic  of  this 
affection. 

The  lachrj'mal  gland  is  occasionally,  though  rarely,  the  seat  of  inflammation,  either  acute 
or  chronic ;  it  is  also  sometimes  the  seat  of  tumors,  benign  or  malignant,  and  for  these  may 
require  removal.  This  may  be  done  by  an  incision  through  the  skin  just  below  the  eyebrow ; 
ana  the  gland,  being  invested  with  a  special  capsule  of  its  own,  may  be  isolated  and  removed 
without  opening  the  general  cavity  of  the  orbit.  The  canaliculi  may  be  obstructed,  either  as  a 
congenital  defect  or  by  some  foreign  body,  as  an  eyelash  or  a  dacryolith,  causing  the  teai-s  to  run 
over  the  cheek.  The  canaliculi  may  also  be<rame  occluded  as  the  result  of  bums  or  injury ;  over- 
flow of  the  tears  may  in  addition  result  from  deviation  of  the  puncta  or  from  chronic  inflamma- 
tion of  the  lachrymal  sac.  This  latter  condition  is  set  up  by  some  obstruction  to  the  nasal  duct 
frequently  occurring  in  tubercular  subjects.  In  consequence  of  this  the  tears  and  mucus  aoeuinu- 
late  in  the  lachrymal  sac,  distending  it  Suppuration  in  the  lachrymal  sac  is  sometimes  met 
with ;  this  may  be  the  sequel  of  a  chronic  innammation ;  or  may  occur  after  some  of  the  erup- 
tive fevers  in  cases  where  the  lachrymal  passages  were  previously  quite  healthy.  It  may  lead  to 
lachrymal  fistula. 

THE  EAB. 

The  organ  of  hearing  is  divisible  into  three  parts — the  external  ear,  the  middle 
ear  or  tympanum,  and  the  internal  ear  or  labyrinth. 

The  external  ear  consists  of  an  expanded  portion  n^imQA  pinna  or  auricle^  and 
the  auditory  canal,  or  meatus.  The  former  serves  to  collect  the  vibrations  of  the  air 
by  which  sound  is  produced ;  the  latter  conducts  .those  vibrations  to  the  tympanum. 

The  pinna,  or  auricle  (Fig.  498),  is  of  an  ovoid  form,  with  its  larger  end  directed 
upward.  Its  outer  surface  is  irregularly  concave,  directed  slightly  forward,  and 
presents  numerous  eminences  and  depressions  which  result  from  the  foldings  of  its 
fibro-cartilaginous  element.  To  each  of  these  names  have  been  assigned.  Thus 
the  external  prominent  rim  of  the  auricle  is  called  the  helix.  Another  curved 
prominence,  parallel  with  and  in  front  of  the  helix,  is  called  the  antihelix  ;  this 
bifurcates  above,  so  as  to  enclose  a  triangular  depression,  the  fossa  of  the  antihelijr. 
The  narrow  curved  depression  between  the  helix  and  antihelix  is  called  the  fossa 
of  the  helix  {fossa  innominata  or  scaphoidea) ;  the  antihelix  describes  a  curve 
round  a  deep,  capacious  cavity,  the  concha^  which  is  partially  divided  into  two 
parts  by  the  commencement  of  the  helix.  In  front  of  the  concha,  and  projecting 
backward  over  the  meatus,  is  a  small  pointed  eminence,  the  tragus,  so  called 
from  its  being  generally  covered  on  its  under  surface  with  a  tuft  of  hair  resem- 
bling a  goat's  beard.  Opposite  the  tragus,  and  separated  from  it  by  a  deep  notch 
{incisura  intertragicd)  is  a  small  tubercle,  the  antitragus.  Below  this  is  the  lohttle. 
composed  of  tough  areolar  and  adipose  tissue,  wanting  the  firmness  and  elasticity 
of  the  rest  of  the  pinna. 

Structure  of  the  Pinna. — The  pinna  is  composed  of  a  thin  plate  of  yellow  fibro- 
cartilage  covered  with  integument,  and  connected  to  the  surrounding  parts  by  the 
extrinsic  ligaments  and  muscles,  and  to  the  commencement  of  the  external 
auditory  canal. 

The  integument  is  thin,  closely  adherent  to  the  cartilage,  and  furnished  with 
sebaceous  glands,  which  are  most  numerous  in  the  concha  and  scaphoid  fossa. 

The  cartilage  of  the  pinna  consists  of  one  single  piece :  it  gives  form  to  this 
part  of  the  ear,  and  upon  its  surface  are  found  all  the  eminences  and  depressions 
above  described.  It  does  not  enter  into  the  construction  of  all  parts  of  the 
auricle :  thus  it  does  not  form  a  constituent  part  of  the  lobule ;  it  is  deficient 
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also  between  the  tragus  and  beginning  of  the  helix,  the  notch  between  them  being 
filled  up  by  dense  fibrous  tissue.     At  the  front  part  of  the  pinna,  where  the  helix 
bends  upward,  is  a  small  projection  of  cartilage,  called  the  process  of  the  helix. 
The  cartilage  of  the  pinna   presents  several  intervals  or  fissures  in  its  substance 
which  partially  separate  the  different  parts.     The  fissure  of  the  helix  is  a  short 
vertical  slit  situated  at  the  fore  part  of  the  pinna,  immediately  behind  a  small 
conical  projection  of  cartilage,  opposite  the  first  curve  of  the  helix  (process  of  the 
helix).     Another  fissure,  the  fissure  of  the  tragus,  is  seen   upon  the  anterior  sur- 
face of  the  tragus.      The  antihelix 
is  divided  below,  by  a  deep  fissure, 
into  two  parts  :    one  part  termi- 
nates by  a  pointed,  tail-like  ex- 
tremity (processus  caudatus);  the 
other  is  continuous  with  the  anti- 
tragus.       The     cartilage    of    the 


Fin.  499.— The  pinna,  or  auricle.  Fro.  500.— The  muselei  ofthe  pinna. 

pinna  is  very  pliable,  elastic,  of  a  yellowish  color,  and  belongs  to  that  form  of  ' 
cartilage  which  is  known  under  the  name  of  yellow  fibro-cartilage. 

The  ligaments  of  the  pinna  consist  of  two  sets:  1.  The  extrinsic  set,  or  those 
connecting  it  to  the  aide  of  the  head.  2.  The  intrinsic  set,  or  those  connecting  the 
various  parts  of  its  cartilage  together. 

The  extrinsic  ligaments,  the  most  important,  are  two  in  number,  anterior  and 
posterior.  The  anterior  ligament  extends  from  the  process  of  the  helix  to  the  root 
of  Ihe  zygoma.  A  few  fibres  connect  the  tragus  to  the  root  of  the  zygoma.  The 
posterior  ligament  passes  from  the  posterior  surface  of  the  concha  to  the  outer 
surface  of  the  mastoid  process  of  the  temporal  bone. 

The  intrinsic  ligaments  are  also  two  in  number.  Of  these,  one  is  a  strong 
fibrous  band  stretching  across  from  the  tragus  to  the  commencement  of  the  helix, 
completing  Ihe  meatus  in  front  and  partly  encircling  the  boundary  ofthe  concha; 
the  other  extends  between  the  concha  and  the  processus  caudatus. 

The  muscles  of  the  pinna  (Fig.  477)  consist  of  two  sets :  1.  The  extrinsic, 
which  connect  it  with  the  side  of  the  head,  moving  the  pinna  as  a  whole — viz.  the 
Attollens,  Attrahens,  and  Retrahens  aurem  (page  396) ;  and  2.  The  intrinsic,  which 
extend  from  one  part  of  the  auricle  to  another — viz. : 

Helicis  major.  Antitragicus. 

Helicis  minor.  Trans  vers  us  aurieulse. 

Tragicus.  Obliquus  auris. 
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Middle  Ear,  or  Tympanum. 

The  middle  ear,  or  tympanum,  is  an  irregular  cavity,  compressed  from  without 
inward,  and  situated  within  the  petrous  bone.  It  is  placed  above  the  jugular  fossa ; 
the  carotid  canal  lying  in  front,  the  mastoid  cells  behind,  the  meatus  audi  tori  us 
externally,  and  the  labyrinth  internally.  It  is  filled  with  air,  and  communicates  with 
the  pharynx  by  the  Eustachian  tube.  The  tympanum  is  traversed  by  a  chain  of 
movable  bones,  which  connect  the  membrana  tympani  with  the  labyrinth,  and  serve 
to  convey  the  vibrations  communicated  to  the  membrana  tympani  across  the  cavity 
of  the  tympanum  to  the  internal  ear. 

The  cavity  of  the  tympanum  measures  about  five  lines  from  before  backward, 
three  lines  in  the  vertical  direction,  and  between  two  and  three  in  the  transverse, 
being  a  little  broader  behind  and  above  than  it  is  below  and  in  front.  It  is  bounded 
externally  by  the  membrana  tympani  and  meatus,  internally,  by  the  outer  surface 
of  the  internal  ear,  and  communicates,  behind,  with  the  mastoid  cells,  and  in  front 
with  the  Eustachian  tube  and  canal  for  the  Tensor  tympani.  Its  roof  and  floor  are 
formed  by  thin  osseous  laminae,  the  one  forming  the  roof  being  a  thin  plate  situated 
on  the  anterior  surface  of  the  petrous  portion  of  the  temporal  bone,  close  to  its 
angle  of  junction  with  the  squamous  portion  of  the  same  bone. 

The  roof  is  broad,  flattened,  and  formed  of  a  thin  plate  of  bone  which  separates 
the  cranial  and  tympanic  cavities. 

The  floor  is  narrow,  and  corresponds  to  the  jugular  fossa,  which  lies  beneath. 
It  presents,  near  the  inner  wall,  a  small,  aperture  for  the  passage  of  Jacobson's 
nerve. 

The  outer  wall  is  formed  mainly  by  the  membrana  tympani, -partly  by  the  ring 
of  bone  into  which  this  membrane  is  inserted.  Close  to  it  are  three  small  apertures — 
the  iter  chordse  posterius,  the  Glaserian  fissure,  and  the  iter  chordae  anterius. 

The  aperture  of  the  iter  chordce  posterius  is  in  the  angle  of  junction  between  the 
posterior  and  external  walls  of  the  tympanum,  immediately  behind  the  membrana 
tympani  and  on  a  level  with  its  centre ;  it  leads  into  a  minute  canal,  which  descends 
in  front  of  the  aqueductus  Fallopii  and  terminates  in  that  canal  near  the  stylo- 
mastoid foramen.  Through  it  the  chorda  tympani  nerve  enters  the  tympanum. 

The  Glaserian  fissure  opens  just  above  and  in  front  of  the  ring  of  bone  into 
which  the  membrana  tympani  is  inserted;  in  this  situation  it  is  a  mere  slit  about 
a  line  in  length.  It  lodges  the  long  process  of  the  malleus  and  gives  passage  to 
some  tympanic  vessels. 

The  aperture  of  the  iter  chordce  anteritis  is  seen  just  above  the  preceding  fissure ; 
it  leads  into  a  canal  (canal  of  Huguier\  which  runs  parallel  with  the  Glaserian 
fissure.     Through  it  the  chorda  tympani  nerve  leaves  the  tympanum. 

The  internal  wall  of  the  tsrmpanum  (Fig.  502)  is  vertical  in  direction  and  looks 
directly  outward.     It  presents  for  examination  the  following  parts : 

Fenestra  ovalis.  Ridge  of  the  aqueductus  Fallopii. 

Fenestra  rotunda.  Pyramid. 

Promontory.  Opening  for  the  Stapedius. 

The  fenestra  ovalis  is  a  reniform  opening  leading  from  the  tympanum  into 
the  vestibule ;  its  long  diameter  is  directed  horizontally,  and  its  convex  border  is 
upward.  The  opening  in  the  recent  state  is  occupied  by  the  base  of  the  stapes, 
which  is  connected  to  the  margin  of  the  foramen  by  an  annular  ligament. 

The  feyiestra  rotunda  is  an  aperture  placed  at  the  bottom  of  a  funnel-shaped 
depression  leading  into  the  cochlea.  It  is  situated  below  and  rather  behind  the 
fenestra  ovalis,  from  which  it  is  separated  by  a  rounded  elevation,  the  promontory ; 
it  is  closed  in  the  recent  state  by  a  membrane  [membrana  tympani  secundaria^ 
Scarpa).  This  membrane  is  concave  toward  the  tympanum,  convex  toward  the 
cochlea.  It  consists  of  three  layers :  the  external,  or  mucous,  derived  from  the 
mucous  lining  of  the  tympanum  ;  the  internal,  or  serous,  from  the  lining  membrane 
of  the  cochlea  ;  and  an  intermediate,  or  fibrous  layer. 
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The  promontory  is  a  rounded  hollow  promineDce,  formed  by  the  projection 
outward  of  the  first  turn  of  the  cochlea ;  it  is  placed  between  the  fenestrie,  and 
is  farrowed  od  its  surface  by  three  small  grooves  which  lodge  branches  of  the 
tympanic  plexus. 

The  rounded  eminence  of  the  aqueductus  FaUopii,  the  prominence  of  tbe  bony 
canal  in  which  the  portio  dura  is  contained,  traverses  the  inner  wall  of  the  tym- 
panum above  the  fenestra  ovalis,  and  behind  that  opening  curves  nearly  vertically 
downward  along  the  posterior  wall. 

The  pyramid  is  a  conical  eminence  situated  immediately  behind  the  fenestra 
ovalis,  and  in  front  of  the  vertical  portion  of  the  eminence  above  described  ;  it  is 
hollow  in  the  interior,  and  contains  the  Stapedius  muscle ;  its  summit  projects 
forward  toward  the  fenestra  ovalis,  and  presents  a  small  aperture  which  transmits 
the  tendon  of  the  muscle.  The  cavity  in  the  pyramid  is  prolonged  into  a  minute 
canal,  which  communicates  with  the  aqueductua  Fallopii  and  transmits  the  nerve 
which  supplies  the  Stapedius. 

The  posterior  wall  of  the  tympanum  is  wider  above  than  below,  and  presents 
for  examination  the 

Openings  of  the  mastoid  cells. 

These  consist  of  one  large  irregular  aperture  and  several  smaller  openings, 


FiQ.  M2.— View  of  Inner  wall  of  tympanum.   {Enlarged.) 

siituated  at  the  upper  part  of  the  posterior  wall ;  they  lead  into  canals  which 
communicate  with  large  irregular  cavities  contained  in  the  interior  of  the  mas- 
toid process.  These  cavities  vary  considerably  in  number,  size,  and  form  ;  they 
are  lined  by  mucous  membrane  continuous  with  that  lining  the  cavity  of  the 
lympanum. 

The  anterior  wall  of  the  tjrmpannm  is  wider  above  than  below ;  it  corresponds 
wilh  the  carotid  canal,  from  which  it  is  separated  by  a  thin  plate  of  bone,  perforated 
liy  the  tympanic  branch  of  tbe  internal  carotid.     It  presents  for  examination  the 

Canal  for  the  Tensor  tympani.  Orifice  of  the  Eustachian  tube. 

The  processus  cochleariformis. 

The  orifice  of  the  canal  for  the  Tensor  tympnni  and  the  orifice  of  the  Eustachian 
tube  are  situated  at  the  upper  part  of  the  an  terior  wall,  being  separated  from  each 
other  by  a  thin,  delicate,  horizontal  plate  of  bone,  the  proa-stus  cochleariformis. 
These  canals  run  from  the  tympanum,  forward,  inward,  and  a  little  downward, 
to  the  retiring  angle  between  the  squamous  and  petrous  portions  of  the  temporal 
bone. 

The  canal  for  the  Teitmr  fi/mpnnt  is  the  superior  and  the  smaller  of  the  two ;  it 
is  rounded,  and  lies  beneath  the  upper  surface  of  the  petrous  bone,  close  to  the 
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hiatus  Fallopii.  The  tympanic  end  of  this  canal  forms  a  conical  eminence  which 
is  prolonged  backward  into  the  cavity  of  the  tympanum,  and  is  perforated  at  its 
summit  by  an  aperture  which  transmits  the  tendon  of  the  muscle  contained  in  it. 
This  eminence  is  sometimes  called  the  anterior  pyramid.  The  canal  contains  the 
Tensor  tympani  muscle. 

The  Eustachian  tvhe  is  the  channel  through  which  the  tympanum  communi- 
cates with  the  pharynx.  Its  length  is  from  an  inch  and  a  half  to  tw  o  inches,  and 
its  direction  downw^ard,  forward,  and  inward.  It  is  formed  partly  of  bone,  partly 
of  cartilage  and  fibrous  tissue. 

The  osseous  portion  is  about  half  an  inch  in  length.  It  commences  in  the 
lower  part  of  the  anterior  wall  of  the  tympanum,  below  the  processus  cochleari- 
formis,  and,  gradually  narrowing,  terminates  in  an  oval  dilated  opening  at  the 
angle  of  junction  of  the  petrous  and  squamous  portions,  its  extremity  presenting  a 
jagged  margin  which  serves  for  the  attachment  of  the  cartilaginous  portion. 

The  cartilaginous  portion^  about  an  inch  in  length,  is  formed  of  a  triangular 
plate  of  elastic  fibro-cartilage,  curled  upon  itself,  an  interval  being  left  below, 
between  the  margins  of  the  cartilage,  which  is  completed  by  fibrous  and  muscular 
tissue.  Its  canal  is  narrow  behind,  wide,  expanded,  and  somewhat  trumpet-shaped 
in  front,  terminating  by  an  oval  orifice  at  the  upper  part  and  side  of  the  pharynx, 
behind  the  back  part  of  the  inferior  meatus.  Through  this  canal  the  mucous 
membrane  of  the  pharynx  is  continuous  with  that  which  lines  the  tympanum. 
The  mucous  membrane  is  covered  with  ciliated  epithelium. 

The  membrana  tympani  separates  the  cavity  of  the  tympanum  from  the  bottom 
of  the  external  meatus.  It  is  a  thin,  semi-transparent  membrane,  nearly  oval  in 
form,  somewhat  broader  above  than  below,  and  directed  very  obliquely  downward 
and  inward.  Its  circumference  is  contained  in  a  groove  at  the  inner  end  of  the 
meatus,  which  skirts  the  circumference  of  this  part,  excepting  above.  The  handle 
of  the  malleus  descends  vertically  between  the  inner  and  middle  layers  of  this 
membrane  as  far  down  as  its  centre,  where  it  is  firmly  attached,  drawing  the 
membrane  inward,  so  that  its  outer  surface  is  concave,  its  inner  convex. 

Structure. — This  membrane  is  composed  of  three  layers,  an  external  (cuticular), 
a  middle  (fibrous),  and  an  internal  (mucous).  The  cuticular  lining  is  derived  from 
the  integument  lining  the  meatus.  The  fibrous  layer  consists  of  fibrous  and  elastic 
tissues ;  some  of  the  fibres  radiate  from  near  the  centre  to  the  circumference ;  others 
are  arranged,  in  the  form  of  a  dense  circular  ring,  round  the  attached  margin  of 
the  membrane.  The  mucous  lining  is  derived  from  the  mucous  lining  of  the 
tympanum.  The  vessels  pass  to  the  membrana  tympani  along  the  handle  of  the 
malleus,  and  are  distributed  between  its  la  vers. 

Ossicles  of  the  Tympanum  (Fig.  503). 

The  tympanum  is  traversed  by  a  chain  of  movable  bones  three  in  number,  the 
malleus^  incus^  and  stapes.  The  former  is  attached  to  the  membrana  tympani,  the 
latter  to  the  fenestra  ovalis,  the  incus  being  placed  between  the  two,  to  both  of 
which  it  is  connected  bv  delicate  articulations. 

The  Malleus,  so  named  from  its  fancied  resemblance  to  a  hammer,  consists  of 
a  head,  neck,  and  three  processes — the  handle  or  manubrium,  the  processus  gracilis, 
and  the  processus  brevis. 

The  head  is  the  large  upper  extremity  of  the  bone ;  it  is  oval  in  shape,  and 
articulates  posteriorly  with  the  incus,  being  free  in  the  rest  of  its  extent. 

The  neck  is  the  narrow  contracted  part  just  beneath  the  head,  and  below  this 
is  a  prominence  to  which  the  various  processes  are  attached. 

The  manubrium  is  a  vertical  process  of  bone  which  is  connected  by  its  outer 
margin  with  the  membrana  tympani.  It  decreases  in  size  toward  its  extremity, 
where  it  is  curved  slightly  forward,  and  flattened  from  within  outward.  On  the 
inner  side,  near  its  upper  end,  is  a  slight  projection,  into  which  the  tendon  of  the 
Tensor  tympani  is  inserted. 
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The  processus  graeilu  is  a  long  and  very  delicate  process  which  passes  from 
the  eminence  below  the  neck  forward  and  outward  to  the  Glaserian  fissure,  to  which 
it  is  connected  by  bone  and  ligamentous  fibres. 

The  processus  brevis  is  a  slight  conical  projection  which  springs  from  the  root 
of  the  manubrium,  and  lies  in  contact  with  the  membrana  tympani. 

The  Incus  has  received  its  name  from  its  supposed  resemblance  to  an  anvil, 
but  it  is  more  like  a  bicuspid  tooth,  with  two  roots,  which  differ  in  length  and  are 
widely  separated  from  each  other.     It  consists  of  a  body  and  two  processes, 

The  bodt/  is  somewhat  quadrilateral,  but  compressed  laterally.     On  the  anterior 
surface  of  its  summit  is  a  deeply  concavo-convex  facet,  which  articulates  with  the 
malleus ;  in  the  fresh  state  it  is  covered  with 
cartilage  and  lined  with  synovial  membrane. 

The  two  processes  diverge  from  one  another 
nearly  at  right  angles.  __^ 

The   short  process,    son^ewhat   conical    in  y^^^^'SJt^^^^ocessus  brevU. 

shape,  projects  nearly  horizontally  backward, 
and  is  attached  to  the  margin  of  the  opening 
leading  into  the  mastoid  cells  by  ligamentous 

fibres.  '^^^**-^lHl     yjKjLo     Mctda 

The  long  process,  longer  and  more  slender  ^^is^^\r    '  ^        ^^' 

than  the  preceding,  descends  nearly  vertically  /    ^^*^' 

behind  and  parallel  to  the  handle  of  the  mal- 

l««o     ^^A     k^^/i;^«   i^^^^A      ♦,>«*«;»»«+^a    ;«    «  Fio.503.— The  small  bones  of  the  ear,  seen 

leus,  and,   bending  inward,    terminates   in  a     from  the  outside.  (Enlarged.) 
rounded  globular  projection,  the  os  orbicular e, 

or  lenticular  process,  which  is  tipped  with  cartilage  and  articulates  with  the  head 
of  the  stapes.  In  the  foetus  the  os  orbiculare  exists  as  a  separate  bone,  but 
becomes  united  to  the  long  process  of  the  incus  in  the  adult. 

The  Stapes,  so  called  from  it^  close  resemblance  to  a  stirrup,  consists  of  a  head, 
neck,  two  branches,  and  a  base. 

The  head  presents  a  depression,  tipped  with  cartilage,  which  articulates  with 
the  08  orbiculare. 

The  neck,  the  constricted  part  of  the  bone  below  the  head,  receives  the  insertion 
of  the  Stapedius  muscle. 

The  two  branches  {crura)  diverge  from  the  neck,  and  are  connected  at  their 
extremities  by  a  flattened,  oval-shaped  plate  (the  base),  which  forms  the  foot  of 
the  stirrup,  and  is  fixed  to  the  margin  of  the  fenestra  ovalis  by  ligamentous  fibres. 

Ligaments  of  the  Ossicula. — These  small  bones  are  connected  with  each  other 
and  with  the  walls  of  the  tympanum  by  ligaments,  and  moved  by  small  muscles. 
The  articular  surfaces  of  the  malleus  and  incus  and  the  orbicular  process  of  the 
incus  and  head  of  the  stapes  are  covered  with  cartilage,  connected  together  by 
delicate  capsular  ligaments  and  lined  by  synovial  membrane.  The  ligaments  con- 
necting the  ossicula  with  the  walls  of  the  tympanum  are  four  in  number — two  for 
the  malleus,  one  for  the  incus,  and  one  for  the  stapes. 

The  anterior  ligament  of  the  malleus  was  formerly  described  by  Sommerring  as 
a  muscle  {Laxator  tympani).  It  is  now,  however,  believed  by  most  observers  to 
consist  of  ligamentous  fibres  only.  It  is  attached  by  one  extremity  to  the  neck 
of  the  malleus,  just  above  the  processus  gracilis,  and  by  the  other  to  the  anterior 
wall  of  the  tympanum,  close  to  the  Glaserian  fissure,  some  of  its  fibres  being  pro- 
longed through  the  fissure. 

The  suspensory  ligament  of  the  malleus  is  a  delicate,  round  bundle  of  fibres 
which  descends  perpendicularly  from  the  roof  of  the  tympanum  to  the  head  of  the 
malleus. 

The  posterior  ligament  of  the  incus  is  a  short,  thick,  ligamentous  band  which 
connects  the  extremity  of  the  short  process  of  the  incus  to  the  posterior  wall  of  the 
tympanum,  near  the  margin  of  the  opening  of  the  mastoid  cells. 

The  annular  ligament  of  the  stapes  connects  the  circumference  of  the  base  of 
this  bone  to  the  margin  of  the  fenestra  ovalis. 

56 


880  THE   ORGANS   OF  SENSE. 

hiatus  Fallopii.  The  tympanic  end  of  this  canal  forms  a  conical  eminence  which 
is  prolonged  backward  into  the  cavity  of  the  tympanum,  and  is  perforated  at  it:* 
summit  by  an  aperture  which  transmits  the  tendon  of  the  muscle  contained  in  it. 
This  eminence  is  sometimes  called  the  anterior  pyramid.  The  canal  contains  the 
Tensor  tympani  muscle. 

The  Eustachian  tube  is  the  channel  through  which  the  tympanum  commoni- 
cates  with  the  pharynx.  Its  length  is  from  an  inch  and  a  half  to  two  inches,  and 
its  direction  downward,  forward,  and  inward.  It  is  formed  partly  of  bone,  partly 
of  cartilage  and  fibrous  tissue. 

The  osseous  portion  is  about  half  an  inch  in  length.  It  commences  in  the 
lower  part  of  the  anterior  wall  of  the  tympanum,  below  the  processus  cochleari- 
formis,  and,  gradually  narrowing,  terminates  in  an  oval  dilated  opening  at  the 
angle  of  junction  of  the  petrous  and  squamous  portions,  its  extremity  presenting  a 
jagged  margin  which  serves  for  the  attachment  of  the  cartilaginous  portion. 

The  cartilaginous  portion^  about  an  inch  in  length,  is  formed  of  a  triangolar 
plate  of  elastic  fibro-cartilage,  curled  upon  itself,  an  interval  being  left  below, 
between  the  margins  of  the  cartilage,  w  hich  is  completed  by  fibrous  and  muscular 
tissue.  Its  canal  is  narrow  behind,  wide,  expanded,  and  somewhat  trumpet-shaped 
in  front,  terminating  by  an  oval  orifice  at  the  upper  part  and  side  of  the  pharynx, 
behind  the  back  part  of  the  inferior  meatus.  Through  this  canal  the  mucous 
membrane  of  the  pharynx  is  continuous  with  that  which  lines  the  tympanum. 
The  mucous  membrane  is  covered  with  ciliated  epithelium. 

The  membrana  tympani  separates  the  cavity  of  the  tympanum  from  the  bottom 
of  the  external  meatus.  It  is  a  thin,  semi-transparent  membrane,  nearly  oval  in 
form,  somewhat  broader  above  than  below,  and  directed  very  obliquely  downward 
and  inward.  Its  circumference  is  contained  in  a  groove  at  the  inner  end  of  the 
meatus,  which  skirts  the  circumference  of  this  part,  excepting  above.  The  handle 
of  the  malleus  descends  vertically  between  the  inner  and  middle  layers  of  ihig 
membrane  as  far  down  as  its  centre,  where  it  is  firmly  attached,  drawing  the 
membrane  inward,  so  that  its  outer  surface  is  concave,  its  inner  convex. 

Structure. — This  membrane  is  composed  of  three  layers,  an  external  (cuticular). 
a  middle  (fibrous),  and  an  internal  (mucous).  The  cuticular  lining  is  derived  from 
the  integument  lining  the  meatus.  The  fibrous  layer  consists  of  fibrous  and  elastic 
tissues ;  some  of  the  fibres  radiate  from  near  the  centre  lo  the  circumference ;  others 
are  arranged,  in  the  form  of  a  dense  circular  ring,  round  the  attached  margin  of 
the  membrane.  The  mucous  lining  is  derived  from  the  mucous  lining  of  the 
tympanum.  The  vessels  pass  to  the  membrana  tympani  along  the  handle  of  the 
malleus,  and  are  distributed  between  its  lavers. 

Ossicles  of  the  Tympanum  (Fig.  503). 

The  tympanum  is  traversed  by  a  chain  of  movable  bones  three  in  number,  the 
malleus^  incus^  and  stapes.  The  former  is  attached  to  the  membrana  tympani,  the 
latter  to  the  fenestra  ovalis,  the  incus  being  placed  between  the  two,  to  both  of 
which  it  is  connected  by  delicate  articulations. 

The  Malleus,  so  named  from  its  fancied  resemblance  to  a  hammer,  consists  of 
a  head,  neck,  and  three  processes — the  handle  or  manubrium,  the  processus  gracilis, 
and  the  processus  brevis. 

The  head  is  the  large  upper  extremity  of  the  bone  ;  it  is  oval  in  shape,  and 
articulates  posteriorly  with  the  incus,  being  free  in  the  rest  of  its  extent. 

The  neck  is  the  narrow  contracted  part  just  beneath  the  head,  and  below  this 
is  a  prominence  to  which  the  various  processes  are  attached. 

The  mayiubrium  is  a  vertical  process  of  bone  which  is  connected  by  its  outer 
margin  with  the  membrana  tympani.  It  decreases  in  size  toward  its  extremity, 
where  it  is  curved  slightly  forward,  and  flattened  from  within  outward.  On  the 
inner  side,  near  its  upper  end,  is  a  slight  projection,  into  which  the  tendon  of  the 
Tensor  tympani  is  inserted. 
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TbeprocGMiM  gracilis  is  a  long  and  very  delicate  process  whicb  passes  from 
the  eminence  below  the  neck  forward  and  outward  to  the  Grlaserian  fissure,  to  which 
it  ia  connected  by  bone  and  ligamentous  fibres. 

The  processus  brevh  is  a  slight  conical  projection  which  springs  from  the  root 
of  the  manubrium,  and  lies  in  contact  with  the  membrana  tympani. 

The  Incna  has  received  its  name  from  its  supposed  resemblance  to  an  anvil, 
but  it  is  more  like  a  bicuspid  tooth,  with  two  roots,  which  differ  in  length  and  are 
widely  separated  from  each  other.      It  consists  of  a  body  and  two  processes, 

The  body  is  somewhat  quadrilateral,  but  compressed  laterally.     On  the  anterior 
surface  of  its  summit  is  a  deeply  concavo-convex  facet,  which  articulates  with  the 
malleus  ;  in  the  fresh  state  it  is  covered  with 
cartilage  and  lined  with  synovial  membrane. 

The  two  processes  diverge  from  one  another 
nearly  at  right  angles. 

The   short  process,    son^ewhat   conical    in  ,rttit. 

shape,  projects  nearly  horizontally  backward, 
and  is  attached  to  the  margin  of  the  opening 
leading  into  the  mastoid  cells  by  ligamentous 
fibres.  Stat 

The  long  process,  longer  and  more  slender 
than  the  preceding,  descends  nearly  vertically 
behind  and  parallel  to  the  handle  of  the  mal-  """ 

leus,  and,  bending  inward,  terminates  in  a  fK>mlhc?uwIde"'(^iai^)''^'''***'^'"'''° 
rounded  globular  projection,  the  os  orhiculare, 

or  lenticular  process,  which  is  tipped  with  cartilage  and  articulates  with  the  head 
of  the  stapes.  In  the  fcctus  the  os  orbicitlare  exists  as  a  separate  bone,  but 
becomes  united  to  the  long  process  of  the  incus  in   the  adult. 

The  Stapes,  so  called  from  its  close  resemblance  to  a  stirrup,  consists  of  a  head, 
nock,  two  branches,  and  a  base. 

The  head  presents  a  depression,  tipped  with  cartilage,  which  articulates  with 
the  OS  orhiculare. 

The  neck,  the  constricted  part  of  the  bone  below  the  bead,  receives  the  insertion 
of  the  Stapedius  muscle. 

The  two  branches  (crura)  diverge  from  the  neck,  and  are  connected  at  their 
extremities  by  a  flattened,  oval-shaped  plate  (the  base),  which  forms  the  foot  of 
the  stirrup,  and  is  fixed  to  the  margin  of  the  fenestra  ovalis  by  ligamentous  fibres. 

Llgamenta  of  the  Ossicnla. — These  small  bones  are  connected  with  each  other 
and  with  the  walla  of  the  tympanum  by  ligaments,  and  moved  by  small  muscles. 
The  articular  surfaces  of  the  malleus  and  incus  and  the  orbicular  process  of  the 
incus  and  head  of  the  stapes  are  covered  with  cartilage,  connected  together  by 
delicate  capsular  ligaments  and  lined  by  synovial  membrane.  The  ligaments  con- 
necting the  ossicula  with  the  walls  of  the  tympanum  are  four  in  number — two  for 
the  malleus,  one  for  the  incus,  and  one  for  the  stapes. 

The  anterior  ligament  of  the  malleus  was  formerly  described  by  Sommerring  as 
a  muscle  (Laxator  tympani).  It  is  now,  however,  believed  by  most  observers  to 
consist  of  ligamentous  fibres  only.  It  is  attached  by  one  extremity  to  the  neck 
of  the  malleus,  just  above  the  processus  gracilis,  and  by  the  other  to  the  anterior 
wall  of  the  tympanum,  close  to  the  Glaserian  fissure,  some  of  its  fibres  being  pro- 
longed through  the  fissure. 

The  suspensory  ligament  of  the  mallena  is  a  delicate,  round  bundle  of  fibres 
which  descends  perpendicularly  from  the  roof  of  the  tympanum  to  the  head  of  the 
nialleuH. 

T\ie  posterior  ligament  of  the  incus  is  a  short,  thick,  ligamentous  band  which 
connects  the  extremity  of  the  short  process  of  the  incus  to  the  posterior  wall  of  the 
tympanum,  near  the  margin  of  the  opening  of  the  mastoid  cells. 

The  annular  ligament  of  the  stapes  connects  the  circumference  of  the  base  of 
this  bone  to  the  margin  of  the  fenestra  ovalis. 
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A  »vspen%ory  ligament  of  the  incus  has  been  described  by  Arnold,  descending 
from  the  roof  of  the  tympanum  to  the  upper  part  of  the  incus,  near  its  articulation 
with  the  malleus. 

The  muscles  of  the  tympanum  are  two  : 

Tensor  tympani.  Stapedius. 

The  Tensor  tympani,  the  larger,  is  contained  in  the  bony  canal  above  the 
osseous  portion  of  the  Eustachian  tube,  from  which  it  is  separated  by  the  processus 
cochleariformis.  It  arises  from  the  under  surface  of  the  petrous  bone,  from  the 
cartilaginous  portion  of  the  Eustachian  tube,  and  from  the  osseous  canal  in  which 
it  is  contained.  Passing  backward  through  the  canal,  it  terminates  in  a  slender 
tendon  which  enters  the  tympanum  and  makes  a  sharp  bend  outward  round  the 
extremity  of  the  processus  cochleariformis,  and  is  inserted  into  the  handle  of  the 
malleus  near  its  root.     It  is  supplied  by  a  branch  from  the  otic  ganglion. 

The  Stapedius  arises  from  the  side  of  a  conical  cavity  hollowed  out  of  the  inte- 
rior of  the  pyramid ;  its  tendon  emerges  from  the  oriiSce  at  the  apex  of  the  pyra- 
mid, and,  passing  forward,  is  inserted  into  the  neck  of  the  stapes.  Its  surface  is 
aponeurotic,  its  interior  fleshy,  and  its  tendon  occasionally  contains  a  slender  bonv 
spine,  which  is  constant  in  some  mammalia.  It  is  supplied  by  the  tympanic 
branch  of  the  facial  nerve. 

Actions. — The  Tensor  tympani  draws  the  membrana  tympani  inward  and  thus 
heightens  its  tension.  The  Stapedius  draws  the  head  of  the  stapes  backward,  and 
thus  causes  the  base  of  the  bone  to  rotate  on  a  vertical  axis  drawn  through  its  own 
centre :  in  doing  this  the  back  part  of  the  base  would  be  pressed  inward  toward 
the  vestibule,  while  the  fore  part  would  be  drawn  from  it.  It  probably  compresses 
the  contents  of  the  vestibule. 

The  mucous  membrane  of  the  tympanum  is  thin,  slightly  vascular,  and  continuous 
with  the  mucous  membrane  of  the  pharynx  through  the  Eustachian  tube.  It 
invests  the  ossioula  and  the  muscles  and  nerves  contained  in  the  tympanic  cavity, 
forms  the  internal  layer  of  the  membrana  tympani,  covers  the  foramen  rotundum, 
and  is  reflected  into  the  mastoid  cells,  which  it  lines  throughout.  In  the  tympanum 
and  mastoid  cells  this  membrane  is  pale,  thin,  slightly  vascular,  and  covered  with 
ciliated  epithelium.  In  the  osseous  portion  of  the  Eustachian  tube  the  membrane 
is  thin,  but  in  the  cartilaginous  portion  it  is  very  thick,  highly  vascular,  covered 
with  laminar  ciliated  epithelium,  and  provided  with  numerous  mucous  glands. 

The  arteries  supplying  the  tympanum  are  six  in  number.  Three  of  them  are 
larger  than  the  rest — viz.  the  tympanic  branch  of  the  internal  maxillary,  which 
supplies  the  membrana  tympani ;  the  Vidian  and  the  stylo-mastoid  branch  of  the 
posterior  auricular,  which  supplies  the  back  part  of  the  tympanum  and  mastoid 
cells.  The  smaller  branches  are — the  petrosal  branch  of  the  middle  meninge<il 
which  enters  through  the  hiatus  Fallopii ;  a  branch  from  the  ascending  pharyngeal, 
and  another  from  the  Vidian  which  pass  up  the  Eustachian  tube;  and  the  tympanic 
branch  from  the  internal  carotid,  given  off  in  the  carotid  canal  and  perforating  the 
thin  anterior  wall  of  the  tympanum. 

The  veins  of  the  tsrmpanum  terminate  in  the  temporo-maxillary  vein  and  in 
the  superior  petrosal  sinus. 

The  nerves  of  the  tympanmn  may  be  divided  into — 1,  those  supplying  the 
muscles;  2,  those  distributed  to  the  lining  membrane ;  3,  branches  communicating 
with  other  nerves. 

Nerves  to  Muscles. — The  Tensor  tympani  is  supplied  by  a  branch  from  the  otic 
ganglion ;  the  Stapedius,  by  the  tympanic  branch  of  the  facial  (Sommerring). 

The  nerves  distributed  to  the  lining  membrane  are  derived  from  the  tympanic 
plexus. 

The  communications  which  take  place  in  the  tympanum  are  between  the 
tympanic  branch  of  the  glosso-pharyngeal  with  the  sympathetic  and  with  filaments 
derived  from  the  intumescentia  ganglioformis  of  the  facial. 

The  tympanic  branch  of  the  glosso-pharyngeal  (Jacobson's    nerve)  enters  the 
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tympanum  by  an  aperture  in  its  floor,  close  to  the  inner  wall,  and  divides  into 
branches  which  are  contained  in  grooves  upon  the  surface  of  the  promontory 
forming  the  tympanic  plexus. 

Its  branches  of  distribution  are — one  to  the  fenestra  rotunda,  one  to  the  fenestra 
ovalis,  and  one  to  the  lining  membrane  of  the  tympanum  and  Eustachian  tube. 

Its  branches  of  communication  are  three,  and  occupy  separate  grooves  on  the 
surface  of  the  promontory.  One  branch,  the  small  deep  petrosal^  arches  forward 
and  downward  to  the  carotid  canal  to  join  the  carotid  plexus.  A  second,  the  long 
petrosal  nerve,  runs  forward  through  a  canal  close  to  or  in  the  processus  cochleari- 
formis,  and  enters  the  foramen  lacerum  medium,  where  it  joins  the  carotid  plexus 
of  the  sympathetic,  and  generally  the  large  superficial  petrosal  nerve.  The  third 
branch  runs  upward  through  the  substance  of  the  petrous  portion  of  the  temporal 
bone.  In  its  course  it  passes  by  the  gangliform  enlargement  of  the  facial  nerve, 
and,  receiving  a  connecting  filament  from  it,  becomes  the  small  superficial  petrosal 
nerve.  It  then  enters  the  skull  through  a  small  aperture,  situated  external  to  the 
hiatus  Fallopii  on  the  anterior  surface  of  the  petrous  bone,  courses  forward  across 
the  base  of  the  skull,  and  emerges  through  a  foramen  in  the  middle  fossa  (sometimes 
through  the  foramen  ovale)  and  joins  the  otic  ganglion. 

The  chorda  tympani  is  given  off  from  the  facial  as  it  passes  vertically  down- 
ward at  the  back  of  the  tympanum,  about  a  quarter  of  an  inch  before  its  exit  from 
the  stylo-mastoid  foramen.  It  passes  from  below  upward  and  forward  in  a 
distinct  canal,  and  enters  the  cavity  of  the  tympanum  through  an  aperture,  iter 
chordce  posterius,  on  jts  posterior  wall  between  the  opening  of  the  mastoid  cells 
and  the  attachment  of  the  membrana  tympani,  and  becomes  invested  with  mucous 
membrane.  It  passes  forward  through  the  cavity  of  the  tympanum,  between  the 
handle  of  the  malleus  and  vertical  ramus  of  the  incus,  to  its  anterior  inferior  angle, 
and  emerges  from  that  cavity  through  a  foramen  at  the  inner  end  of  the  Glaserian 
fissure,  which  is  called  the  iter  chordae  anterius,  or  canal  of  Huguier. 

The  Internal  Ear,  or  Labjrrinth. 

The  internal  ear  has  two  main  divisions,  the  osseous  and  membranous  laby^ 
rinths.  They  are  called  labyrinths,  from  the  complexity  of  their  shapes.  The 
osaeoos  labyrinth  consists  of  three  parts — the  vestibule,  semicircular  canals,  and 
cochlea.  It  is  formed  by  a  series  of  cavities  channelled  out  of  the  substance  of  the 
petrous  bone,  communicating  externally  with  the  cavity  of  the  tympanum  through 
the  fenestra  ovalis  and  rotunda,  and  internally  with  the  meatus  auditorius  internus, 
which  contains  the  auditory  nerve.  Within  the  osseous  labyrinth  is  contained  the 
membranous  labyrinth,  upon  which  the  ramifications  of  the  auditory  nerve  are 
distributed. 

The  Vestibule  (Fig.  504)  is  the  common  central  cavity  of  communication  between 
the  parts  of  the  internal  ear.  It  is  situated  on  the  inner  side  of  the  tympanum, 
behind  the  cochlea,  and  in  front  of  the  semicircular  canals.  It  is  somewhat  ovoidal 
in  shape  from  before  backward,  flattened  from  within  outward,  and  measures 
about  one-fifth  of  an  inch  from  before  backward,  as  well  as  from  above  downward, 
being  narrower  from  without  inward.  On  its  outer  or  tympanic  wall  is  the 
fenestra  ovalis,  closed,  in  the  recent  state,  by  the  base  of  the  stapes  and  its  annular 
ligament.  On  its  inner  wall,  at  the  fore  part,  is  a  small  circular  depression, /(9y{^a 
hemispherica,  which  is  perforated,  at  its  anterior  and  inferior  part,  by  several 
minute  holes  {macula  cribrosa)  for  the  passage  of  the  filaments  of  the  auditory 
nerve ;  and  behind  this  depression  is  a  vertical  ridge,  the  pyramidal  eminerice 
{crista  vestibuli).  At  the  hinder  part  of  the  inner  wall  is  the  orifice  of  the  aque- 
ductus  vestibuli,  which  extends  to  the  posterior  surface  of  the  petrous  portion  of 
the  temporal  bone.  It  transmits  a  small  vein,  and,  according  to  some,  contains  a 
tubular  prolongation  of  the  lining  membrane  of  the  vestibule,  which  ends  in  a 
cul-^'Sac  bet^^reen  the  layers  of  the  dura  mater  within  the  cranial  cavity.  On 
the  upper  wall  or  roof  is  a  transversely  oval    depression, /oi'^a  semi-elliptica, 
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separated  from  the  fovea  liemispli erica  by  the  pyrsmidal  eminence  already 
mentioned.  Behind,  the  semicircular  canals  open  into  the  vestibule  by  five  orifices. 
In  front  is  a  large  oval  opening  which  communicates  with  the  scala  veatibuli  of 
the  cochlea  by  a  single  orifice,  apertura  ecalce  vesttbuli  cochlea. 

The  Semicircnlar  canals  are  three  bony  canals  situated  above  and  behind  the 
vestibule.  They  are  of  unequal  length,  compressed  from  side  to  side,  and  describe 
the  greater  part  of  a  circle.  They  measure  about  one-twentieth  of  an  inch  in 
diameter,  and  each  presents  a  dilatation  at  one  end,  called  the  ampulla,  which 
measures  more  than  twice  the  diameter  of  the  tube.  These  canals  open  into  the 
vestibule  by  five  orifices,  one  of  the  apertures  being  common  to  two  of  the  canals. 

The  superior  semicircular  canal  is  vertical  in  direction,  and  stretches  across 
the  petrous  portion  of  the  temporal  bone,  at  right  angles  to  its  posterior  surface; 
its  arch  forms  a  round  projection  on  the  anterior  surface  of  the  petrous  bone.  It 
describes  about  two-thirds  of  a  circle.  Its  outer  extremity,  which  is  ampullated, 
commences  by  a  distinct  orifice  in  the  upper  part  of  the  vestibule ;  the  opposite  end 
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of  the  canal,  which  is  not  dilated,  joins  with  the  corresponding  part  of  the  pos- 
terior canal,  and  opens  by  a  common  orifice  with  it  in  the  back  part  of  the 
vestibule. 

The  posterior  semicircular  canal,  also  vertical  in  direction,  is  directed  back- 
ward, nearly  parallel  to  the  posterior  surface  of  the  petrous  bone;  it  ia  the 
longest  of  the  three:  its  ampullated  end  commences  at  the  lower  and  back 
part  of  the  vestibule,  its  opposite  end  joining  to  form  the  common  canal  already 
mentioned. 

The  external  or  horizontal  canal  is  the  shortest  of  the  three,  its  arch  being 
directed  outward  and  backward;  thus  each  semicircular  canal  stands  at  right 
angles  to  the  other  two.  lie  ampullated  end  corresponds  to  the  upper  and  outer 
angle  of  the  vestibule,  just  above  the  fenestra  ovalis ;  its  opposite  end  opens  by  a 
distinct  orifice  at  the  upper  and  back  part  of  the  vestibule. 

Tlie  Oochlaa  bears  some  resemblance  to  a  common  snail-shell :  it  forms  the 
anterior  part  of  the  labyrinth,  is  conical  in  form,  and  placed  almost  horizontaliy 
in  front  of  the  vestibule;  its  apex  is  directed  forward  and  outward  toward  the 
upper  and  front  part  of  the  inner  wall  of  tiie  tympanum  ;  its  base  corresponds  with 
the  anterior  depression  at  the  bottom  of  the  internal  auditory  meatus,  and  is 
perforated  by  numerous  apertures  for  the  passage  of  the  cochlear  branch  of  the 
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auilitory  oerve.  It  meaeures  about  a  quarter  of  an  inch  in  length,  and  its  breadth 
toward  the  base  is  about  the  same.  It  consists  of  a  conical-shaped  central  axis, 
ihe  modioliu  or  columella ;  of  a  canal  wound  spirally  round  the  axis  for  two  turns 
and  a  half,  from  the  base  to  the  apex ;  and  of  a  delicate  lamina  (the  lamina  apwalis) 
contained  within  the  canal,  which  follows  its  windings  and  partially  subdivides  it 
into  two. 

The  central  axis,  or  modiolut,  is  conical  in  form,  and  extends  from  the  base  to 
the  apex  of  the  cochlea.  Its  base  is  broad,  corresponds  with  the  first  turn  of  the 
cochlea, 'and  is  perforated  by  numerous  orifices,  which  transmit  filaments  of  the 
cochlear  branch  of  the  auditory  nerve;  the  axis  diminishes  rapidly  in  size  in 
the  second  coil,  and  terminates  within  the  last  balf-coil,  or  cupola,  in  an  expanded 
delicate,  bony  lamella,  which  resembles  the  half  of  a  funnel  divided  longitudinally, 
and  is  called  the  infundibulum ;  the  broad  part  of  this  funnel  is  directed  toward 
the  summit  of  the  cochlea,  and  blends  with  the  cupola  ur  last  half-turn  of  the 
spiral  canal  of  the  cochlea.  At  this  point  the  two  larger  scalse  of  the  cochlea,  the 
scala  tympani  and  scala  vestibuli,  communicate  by  an  opening  called  the  helico- 
trema.  The  outer  surface  of  the  modiolus  forms  part  of  the  wall  of  the  spiral 
canal,  and  is  dense  in  structure;  but  its  centre  is  channelled,  as  far  as  the  last 
half-coil,  by  numerous  branching  canals,  which  transmit  nervous  filaments  in 
regular  succession  into  the  canal  of  the  cochlea  or  on  to  the  surface  of  the 
lamina  spiralis.  One  of  these,  larger  than  the  rest,  occupies  the  centre  of  the 
modiolus,  and  is  named  the  canalU  centralis  modioli ;  it  extends  from  the  base  to 
the  extremity  of  the  modiolus,  and  transmits  a  small  nerve  and  artery  (arteria 
centralis  modioli). 

The  spiral  canal  (Fig.  505)  takes  tvo  turns  and  a  half  round  the  modiolus. 
It  is  about  an  inch  and  a  half  in  length,  measured  along  its  outer  wall,  and 
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diminishes  gradually  in  size  from  the  base  to  the  summit,  where  it  terminates  in 
a  cul-de-gae.,  the  cupola,  which  forms  the  apex  of  the  cochlea.  The  commence- 
ment of  this  canal  is  about  the  tenth  of  an  inch  in  diameter;  it  diverges 
from  the  modiolus  toward  the  tympanum  and  vestibule  and  presents  three  open- 
ings. One,  the  fenestra  rotunda,  communicates  with  the  tympanum;  in  the 
recent  state  this  aperture  is  closed  by  a  membrane,  the  membrana  tympani 
secundaria.  Another  aperture,  of  an  oval  form,  enters  the  vestibule.  The 
third  is  the  aperture  of  the  aqueductus  cochlear,  leading  to  a  minute  funnel-shaped 
canal,  which  opens  on  the  basilar  surface  of  the  petrous  bone  and  transmits  a 
small  vein. 

The  interior  of  the  spiral  canal  (Fig.  506)  is  partially  divided  into  two,  in  the 
dry  state,  by  a  thin  bony  plate,  the  lamina  spiralis,  which  consists  of  two  thin 
lamellae  of  bone,  between  which  are  numerous  canals  for  the  passage  of  nerve- 
fibres.  This  lamina  projects  from  the  modiolus  into  the  canal,  but  does  not  reach 
more  than  halfway  toward  the  outer  wall  of  the  tube.  From  its  extremity  a  thin 
membrane  extends  to  the  outer  wall,  and  completes  the  division  of  the  canal  into 
an  upper  compartment,  the,  scala  vestibuli,  and  a  lower  one,  the  scala  tympani. 
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By  a  second  membrane  a  portion  of  the  upper  of  these  two  canals  is  cut  off  irom 
the  rest,  constituting  the  »cala  media.  The  lamina  spiralis  ends  above  in  a  hook- 
shaped  process  which  partly  bounds  the  helicotrema.  At  the  point  where  the 
osseous  lamina  is  attached  to  the  modiolus  is  a  small  canal,  which  winds  round 
the  modiolus,  and  was  denominated  by  Rosenthal  the  canalit  spiralis  modioli ;  it 
is  occupied  by  a  swelling  of  the  cochlear  nerve,  the  ganglion  spirale,  in  which 


ganglion-cells  are  found,  and  from  which  the  nerves  paas  to  the  osseous  lamina  and 
organ  of  Corti.     The  ncala  media  belongs  to  the  membranous  labvrinth. 

The  osseous  lamina,  as  above  stated,  extends  only  part  of  the  distance  between 
the  modiolus  and  the  outer  bony  wall  of  the  cochlea.  Near  its  outer  end  the 
periosteum  on  the  upper  or  vestibular  surface  of  the  lamina  swells  up  into  an 
elevation  which  is  called  the  Umhut  lamina  spiralis  ("  denticulate  lamina  "  of  Todd 
and  Bowman).  The  lamina  spiralis  terminates  in  a  grooved  extremity,  the  sulcm 
spiralis,  which  presents  the  form  of  the  letter  C:  the  upper  part  of  the  letter, 
being  formed  by  the  overhanging  extremity  of  the  limhus,  is  named  the  labium 
vestioulare ;  the  lower  part,  prolonged  and  tapering,  is  called  the  labium  tympant- 
cum  (Fig.  507).  From  the  labium  tympanicum  a  (bin  membrane  extends  over  to 
the  bony  wall  of  the  cochlea,  completing  the  scala  tympani.  This  membrane  is 
called  the  membrana  basilaris.  At  its  outer  attachment  it  swells  out  so  as  to  form 
a  thick  triangular  structure,  which  was  regarded  as  a  muscle  by  Todd  and  Bowman 
(cochlearis),  but  is  now  recognised  aa  ligamentous — the  ligamentum  ipirale. 
Between  the  labium  vestibulare  and  the  attachment  of  the  membrane  of  Reissner, 
presently  to  be  described,  a  very  delicate  membrane  extends  over  to  the  outer 
wall  of  the  cochlea,  running  nearly  parallel  to  the  membrana  basilaris.  It  wa.1 
described  by  Corti,  and  covers  over  the  organ  which  is  called  after  his  name,  and 
is  therefore  called  membrane  of  Corti,  or  membrana  teetoria.  Farther  inward. 
near  the  commencement  of  the  limbus  laminse  spiralis,  another  delicate  mem- 
brane, the  membrane  of  lieismer,  is  attached  to  the  vestibular  surface  of  the 
periosteum  of  the  osseous  lamina  and  stretches  across  to  the  outer  wall  of  the 
cochlea.  The  canal  which  lies  below  (be  osseous  lamina  and  membrana  basilaris 
is  the  scala  tympani;  that  which  is  bounded  by  the  osseous  lamina  and  membrane 
of  Reissner,  the  si-alit  vrstihuli;  while  the  space  between  the  membrane  of 
Heissner  and  membrana  basilaris  is  genoi-ally  described  as  the  Scala  media.  Can- 
alis  memhranaei'a,  or  Cunalts  eoelilea;  ».n<l  this  is  the  nomenclature  which  will  he 
used  here.     Others,  however,  apply  the  name  canalis  cocklece  only  to  the  canal 
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lying  between  the  membrane  of  Reisener  and  the  mfimbrana  tectoria,  which  con- 
lains  no  object  for  description,  while  the  space  lying  between  the  membrana  tec- 
toria and  membrana  baailaria  is  described  by  itself  as  a  fourth  caaal — the  ductus 
cochlearis  or  ductug  auditoriug.'  The  latter  is  the  space  in  which  the  organ  of 
Corti'  is  contained.  This  organ  (Fig.  507}  is  situated  upon  the  membrana  basila- 
ris,  and  appears  at  first  sight  as  a  papilla,  winding  spirally  with  the  turns  of  this 
membrane  throughout  the  whole  length  of  the  cochlea,  from  which  circumstance 
it  has  been  designated  the  papilla  spiralis.     More  accurately  viewed,  it  is  seen  to 
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be  composed  of  a  remarkable  arrangement  of  cells  which  may  be  likened  to  the 
keyboard  of  a  pianoforte.  Of  these  cells,  the  two  central  ones  are  rod-like 
bodies,  and  are  called  the  inner  and  outer  rods  of  Corti.  They  are  placed  erect 
on  the  basilar  membrane  at  some  little  distance  from  each  other,  the  space 
between  them  being  denominated  the  zona  arcuata;  they  are  inclined  toward 
each  other,  so  as  to  meet  at  their  opposite  extremities  and  form  a  series  of  arches 
roofing  over  the  zona  arcuata,  thus  forming  a  minute  tunnel  between  them  and 
the  basilar  membrane,  which  ascends  spirally  through  the  whole  length  of  the 
cochlea.     They  are  estimated  at  over  three  thousand  in  number. 

The  inner  rods,  which  are  more  numerous  than  the  outer  ones,  rest  on  the 
basilar  membrane,  close  to  the  labium  tympanicum;  they  project  obliquely  for- 
ward and  outward,  and  terminate  above  in  expanded  extremities,  which  resemble 
in  shape  the  upper  end  of  the  ulna,  with  its  sigmoid  cavity,  coronoid  and  olecra- 
non processes.  On  the  outer  side  of  the  rod,  in  the  angle  formed  between  it  and 
the  basilar  membrane,  is  a  protoplasmic  cell,  whilst  on  the  inner  side  is  a  row  of 
epithelial  cells  surmounted  by  a  brush  of  fine,  stiff,  hair-like  processes,  these  cells 
being  continuous  with  the  cubical  cells  lining  the  sulcus  spiralis. 

The  outer  rods  also  rest  by  a  broad  foot  on  the  basilar  membrane;  they 
iucline  forward  and  inward,  and  their  upper  extremity  resembles  the  head  and 
bill  of  a  swan,  the  head  fitting  into  the  concavity — the  analogue  of  the  sigmoid 
cavity— of  one  or  more  of  the  internal  rods,  and  the  bill  resting  against  the 
phalanges  of  the  lamina  reticularis,  presently  to  he  described. 

In  the  head  of  these  outer  rods  is  an  oval  portion,  where  the  fibres  of  which 
the  rod  appears  to  be  composed  are  deficient,  and  which  stains  more  deeply  with 
carmine  than  the  rest  of  the  rod.  This  is  supposed  to  represent  the  nucleus  of 
the  cell  from  which  the  rod  was  originally  developed.  At  the  base  of  the  rod,  on 
ii.s  internal  side — that  is  to  say,  in  the  angle  formed  by  the  rod  with  the  basilar 
membrane — is  a  similar  protoplasmic  cell  to  that  found  on  the  outer  side  of  the 
base  of  the  inner  rod,  whilst  external  to  the  outer  rod  are  three  or  four  successive 

'  In  reading  the  older  denrriptions  or  the  nrgnn  nf  hearing  the  eludent  miistbenr  Inmiiid  that  the 
membriincs  bourdinR  the  ductus  auditorius,  together  wElh  the  orgiin  contained  between  them,  were  de- 
Bcribtd  together iiK  the  "  lumlna  spiralis  membrBimccn."  while  the  membrane  of  Kcisaner  was  not  recog- 
niied,  the  parts  being,  in  Tact,  as  shown  in  the  secimd  turn  of  the  cochlea  on  theright  handof  Fig.506. 

'  Corti'B  original  i>aper  is  in  the  ZeUmhriJlf.  W'aata.  Zooi.,  iii.  109. 
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rows  of  epithelial  cells,  more  elongated  than  those  found  on  the  internal  side  of 
the  inner  rod,  but,  like  them,  furnished  with  minute  hairs  or  cilia.  These  are 
termed  the  outer  hair-celh,  in  contradistinction  to  the  inner  set,  which  are  termed 
the  inner  hair-celh.  They  are  attached  by  their  bases  to  the  basilar  membrane, 
whilst  from  the  opposite  extremity  a  brush  of  hairs  or  cilia  projects  through  the 
reticular  membrane.  They  are  continuous  externally  with  the  cubical  cells  on 
the  lateral  part  of  the  basilar  membrane. 

The  reticular  lamina  or  membrane  of  Ko'lliker  is  a  delicate  framework  perfo- 
rated by  rounded  holes.  It  extends  from  the  inner  rods  of  Corti  to  the  external 
row  of  the  outer  hair-cells,  and  is  formed  by  several  rows  of  "minute  fiddle- 
shaped  cuticular  structures,"  called  phalanges^  between  which  are  holes  for  the 
projection  of  the  ciliae  of  the  outer  hair-cells. 

Covering  over  these  structures,  but  not  touching  them,  is  the  membrana  tec- 
toria,  or  membrane  of  Corti,  which  is  attached  to  the  vestibular  surface  of  the 
lamina  spiralis  close  to  the  attachment  of  the  membrane  of  Reissner;  it  courses 
over  the  denticulate  lamina,  and,  passing  outward  parallel  to  the  basilar  mem- 
brane, is  blended  with  the  ligamentum  spirale  on  the  outer  wall  of  the  spiral 
canal.^ 

The  inner  surface  of  the  osseous  labyrinth  is  lined  by  an  exceedingly  thin 
fibro-serous  membrane,  analogous  to  a  periosteum  from  its  close  adhesion  to  the 
inner  surfaces  of  these  cavities,  and  performing  the  office  of  a  serous  membrane 
by  its  free  surface.  It  lines  the  vestibule,  and  from  this  cavity  is  continued  into 
the  semicircular  canals  and  the  scala  vestibuli  of  the  cochlea,  and  through  the 
helicotrema  into  the  scala  tympani.  A  delicate  tubular  process  is  prolonged 
along  the  aqueduct  of  the  vestibule  to  the  inner  surface  of  the  dura  mater.  This 
membrane  is  continued  across  the  fenestra  ovalis  and  rotunda,  and  consequently 
has  no  communication  with  the  lining  membrane  of  the  tympanum.  Its  attached 
surface  is  rough  and  fibrous,  and  closely  adherent  to  the  bone ;  its  free  surface  is 
smooth  and  pale,  covered  with  a  layer  of  epithelium,  and  secretes  a  thin,  limpid 
fluid,  the  aqua  labyrinthi^  liquor  Cotunnii,  or  perilymph  (Blainville). 

The  scala  media  is  closed  above  and  below.  The  upper  blind  extremity  is 
attached  to  the  cupola  at  the  upper  part  of  the  helicotrema;  the  lower  end  fits 
into  the  angle  at  the  commencement  of  the  osseous  lamina  on  the  floor  of  the  ves- 
tibule. Near  this  blind  extremity,  the  scala  media  receives  the  canalis  reuniens 
(Fig.  508),  a  very  delicate  canal  by  which  the  ductus  cochlearis  is  brought  into 
continuity  with  the  saccule. 

The  Membranous  Labyrinth. 

The  membranous  labyrinth  (Fig.  508)  is  a  closed  sac,  containing  fluid,  on  the 
walls  of  which  the  ramifications  of  the  auditory  nerve  are  distributed.  It  has 
the  same  general  form  as  the  cochlea,  vestibule,  and  semicircular  canals  in  which 
it  is  enclosed,  but  is  considerably  smaller,  and  the  vestibular  and  canalicular 
portions  are  more  or  less  surrounded  by  the  perilymph. 

The  vestibular  portion  consists  of  two  sacs,  the  utricle  and  the  saccule. 

The  utricle  is  the  larger  of  the  two,  of  an  oblong  form,  compressed  laterally,  and 
occupies  the  upper  and  back  part  of  the  vestibule,  lying  in  contact  wuth  the  fovea 
semi-elliptica.  Numerous  filaments  of  the  auditory  nerve  are  distributed  on  the  wall 
of  this  sac,  and  its  cavity  communicates  behind  with  the  membranous  semicircular 
canals  by  five  orifices. 

The  saccule  is  the  smaller  of  the  two  vestibular  sacs ;  it  is  globular  in  form,  lies 
in  the  fovea  hemispherica  near  the  opening  of  the  vestibular  scala  of  the  cochlea, 
and  receives  numerous  nervous  filaments  which  enter  from  the  bottom  of  the 
depression  in  which  it  is  contained.  Its  cavity  is  apparently  distinct  from  that  of 
the  utricle. 

The  membranous  semicircular  canals  are  about  one-third  the  diameter  of  the 

'  In  Fig.  507  only  the  inner  half  of  the  membrane  is  represented. 
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osseous  canals,  but  in  number,  shape,  and  general  form  they  are  precisely  similar  ; 
they  are  hollow,  and  open  by  five  orifices  into  the  utricle,  one  opening  being 
common  to  two  canals.  Their  ampullae  are  thicker  than  the  rest  of  the  tubes,  and 
nearly  fill  the  cavities  in  which  they  are  contained. 

The  coclilear  portion  is  the  scala  media  already  described.  Numerous  fibrous 
bands  stretch  across  between  the  membranous  and  bony  labyrinths.  These 
fibrous  bands  convey  the  blood-vessels  and  nervous  filaments  distributed  to  the 
utricle,  to  the  saccule,  and  to  the  ampulla  of  each  canal.  The  nerves  enter  the 
vestibule  through  the  minute  apertures  on  its  inner  wall. 

Structure. — The  wall  of  the  membranous  labyrinth  is  semi-transparent,  and 
consists  of  three  layers.  The  ovier  layer  is  a  loose  and  flocculent  structure, 
apparently  composed  of  ordinary  fibrous  tissue,  containing  blood-vessels  and 
numerous  pigment-cells  analogous  to  those  in  the  pigment-coat  of  the  retina.  The 
middle  layer^  thicker  and  more  transparent,  bears  some  resemblance  to  the  hyaloid 
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Fig.  5G8.— The  membranous  labyrinth.    (Enlarged.) 

membrane,  but  it  presents  on  its  internal  surface  numerous  papilliform  projections, 
and  on  the  addition  of  acetic  acid  presents  an  appearance  of  longitudinal  fibrilla- 
tion and  elongated  nuclei.  The  inner  layer  is  formed  of  polygonal  nucleated  epi- 
thelial cells,  which  secrete  the  endolymph. 

The  endolymph  (liquor  Searpce)  is  a  limpid  serous  fluid  which  fills  the  membra- 
nous labyrinth ;  in  composition  it  closely  resembles  the  perilymph. 

The  otoliths  are  two  small  rounded  bodies  consisting  of  a  mass  of  minute  crys- 
talline grains  of  carbonate  of  lime,  held  together  in  a  mesh  of  delicate  fibrous 
tissue,  and  contained  in  the  walls  of  the  utricle  and  saccule,  opposite  the  distribu- 
tion of  nerves.  A  calcareous  material  is  also,  according  to  Bowman,  sparingly 
scattered  in  the  cells  lining  the  ampulla  of  each  semicircular  canal. 

The  arteries  of  the  labyrinth  are — the  internal  auditory,  from  the  basilar ;  the 
stylo-mastoid,  from  the  posterior  auricular ;  and,  occasionally,  branches  from  the 
occipital.  The  internal  auditory  divides  at  the  bottom  of  the  internal  meatus  into 
two  branches,  cochlear  and  vestibular. 

The  cochlear  branch  subdivides  into  from  twelve  to  fourteen  twigs,  which 
traverse  the  canals  in  the  modiolus,  and  are  distributed,  in  the  form  of  a  capillary 
network,  in  the  substance  of  the  lamina  spiralis. 

The  vestibular  branches  accompany  the  nerves,  and  are  distributed,  in  the  form 
of  a  minute  capillary  network,  in  the  substance  of  the  membranous  labyrinth. 

The  veins  (auditory)  of  the  vestibule  and  semicircular  canals  accompany  the 
arteries,  and,  receiving  those  of  the  cochlea  at  the  base  of  the  modiolus,  terminate 
in  the  superior  petrosal  sinus. 

The  auditory  nerve,  the  special  nerve  of  the  sense  of  hearing,  divides,  at  the 
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rows  of  epithelial  cells,  more  elongated  than  those  found  on  the  internal  side  of 
the  inner  rod,  but,  lite  them,  furnished  with  minute  hairs  or  cilia.  These  are 
termed  the  outer  hair-celhy  in  contradistinction  to  the  inner  set,  which  are  termed 
the  inner  hair-cells.  They  are  attached  by  their  bases  to  the  basilar  membrane, 
whilst  from  the  opposite  extremity  a  brush  of  hairs  or  cilia  projects  through  the 
reticular  membrane.  They  are  continuous  externally  with  the  cubical  cells  on 
the  lateral  part  of  the  basilar  membrane. 

The  reticular  lamina  or  membrane  of  Kd'lliker  is  a  delicate  framework  perfo- 
rated by  rounded  holes.  It  extends  from  the  inner  rods  of  Corti  to  the  external 
row  of  the  outer  hair-cells,  and  is  formed  by  several  rows  of  "minute  fiddle- 
shaped  cuticular  structures,"  called  phalanges^  between  which  are  holes  for  the 
projection  of  the  ciliae  of  the  outer  hair-cells. 

Covering  over  these  structures,  but  not  touching  them,  is  the  membrana  tec- 
toria,  or  membrane  of  Corti,  which  is  attached  to  the  vestibular  surface  of  the 
lamina  spiralis  close  to  the  attachment  of  the  membrane  of  Reissner ;  it  courses 
over  the  denticulate  lamina,  and,  passing  outward  parallel  to  the  basilar  mem- 
brane, is  blended  with  the  ligamentum  spirale  on  the  outer  wall  of  the  spiral 
canal.* 

The  inner  surface  of  the  osseous  labyrinth  is  lined  by  an  exceedingly  thin 
iibro-serous  membrane,  analogous  to  a  periosteum  from  its  close  adhesion  to  the 
inner  surfaces  of  these  cavities,  and  performing  the  office  of  a  serous  membrane 
by  its  free  surface.  It  lines  the  vestibule,  and  from  this  cavity  is  continued  into 
the  semicircular  canals  and  the  scala  vestibuli  of  the  cochlea,  and  through  the 
helicotrema  into  the  scala  tympani.  A  delicate  tubular  process  is  prolonged 
along  the  aqueduct  of  the  vestibule  to  the  inner  surface  of  the  dura  mater.  This 
membrane  is  continued  across  the  fenestra  ovalis  and  rotunda,  and  consequently 
has  no  communication  with  the  lining  membrane  of  the  tympanum.  Its  attached 
surface  is  rough  and  fibrous,  and  closely  adherent  to  the  bone ;  its  free  surface  is 
smooth  and  pale,  covered  with  a  layer  of  epithelium,  and  secretes  a  thin,  limpid 
fluid,  the  aqua  labyrinthi^  liquor  Cotunnii^  or  perilymph  (Blainville). 

The  scala  medUa  is  closed  above  and  below.  The  upper  blind  extremity  is 
attached  to  the  cupola  at  the  upper  part  of  the  helicotrema ;  the  lower  end  fits 
into  the  angle  at  the  commencement  of  the  osseous  lamina  on  the  floor  of  the  ves- 
tibule. Near  this  blind  extremitv,  the  scala  media  receives  the  canalis  reuniem 
(Fig.  508),  a  very  delicate  canal  by  which  the  ductus  cochlearis  is  brought  into 
continuity  with  the  saccule. 

The  Membranous  Labyrinth. 

The  membranous  labyrinth  (Fig.  508)  is  a  closed  sac,  containing  fluid,  on  the 
walls  of  which  the  ramifications  of  the  auditory  nerve  are  distributed.  It  has 
the  same  general  form  as  the  cochlea,  vestibule,  and  semicircular  canals  in  which 
it  is  enclosed,  but  is  considerably  smaller,  and  the  vestibular  and  canalicular 
portions  are  more  or  less  surrounded  by  the  perilymph. 

The  vestibular  portion  consists  of  two  sacs,  the  utricle  and  the  saccule. 

The  utricle  is  the  larger  of  the  two,  of  an  oblong  form,  compressed  laterally,  and 
occupies  the  upper  and  back  part  of  the  vestibule,  lying  in  contact  with  the  fovea 
semi-elliptica.  Numerous  filaments  of  the  auditory  nerve  are  distributed  on  the  wall 
of  this  sac,  and  its  cavity  communicates  behind  w^ith  the  membranous  semicircular 
canals  by  five  orifices. 

The  saccule  is  the  smaller  of  the  two  vestibular  sacs ;  it  is  globular  in  form,  lies 
in  the  fovea  hemispherica  near  the  opening  of  the  vestibular  scala  of  the  cochlea, 
and  receives  numerous  nervous  filaments  which  enter  from  the  bottom  of  the 
depression  in  which  it  is  contained.  Its  cavity  is  apparently  distinct  from  that  of 
the  utricle. 

The  membranous  semicircular  canals  are  about  one-third  the  diameter  of  the 

^  In  Fig.  507  only  the  inner  half  of  the  membrane  is  represented. 
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osseous  canals,  but  in  number,  shape,  and  general  form  they  are  precisely  similar  ; 
they  are  hollow,  and  open  by  five  orifices  into  the  utricle,  one  opening  being 
common  to  two  canals.  Their  ampullsB  are  thicker  than  the  rest  of  the  tubes,  and 
nearly  fill  the  cavities  in  which  they  are  contained. 

The  codilear  portion  is  the  scala  media  already  described.  Numerous  fibrous 
bands  stretch  across  between  the  membranous  and  bony  labyrinths.  These 
fibrous  bands  convey  the  blood-vessels  and  nervous  filaments  distributed  to  the 
utricle,  to  the  saccule,  and  to  the  ampulla  of  each  canal.  The  nerves  enter  the 
vestibule  through  the  minute  apertures  on  its  inner  wall. 

Structure. — The  wall  of  the  membranous  labyrinth  is  semi-transparent,  and 
consists  of  three  layers.  The  outer  layer  is  a  loose  and  flocculent  structure, 
apparently  composed  of  ordinary  fibrous  tissue,  containing  blood-vessels  and 
numerous  pigment-cells  analogous  to  those  in  the  pigment-coat  of  the  retina.  The 
middle  layer^  thicker  and  more  transparent,  bears  some  resemblance  to  the  hyaloid 
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Fio.  508.— The  membranous  labyrinth.    (Enlarged.) 

membrane,  but  it  presents  on  its  internal  surface  numerous  papilliform  projections, 
and  on  the  addition  of  acetic  acid  presents  an  appearance  of  longitudinal  fibrilla- 
tion and  elongated  nuclei.  The  inner  layer  is  formed  of  polygonal  nucleated  epi- 
thelial cells,  which  secrete  the  endolymph. 

The  endolymph  {liquor  Searpce)  is  a  limpid  serous  fluid  which  fills  the  membra- 
nous labyrinth ;  in  composition  it  closely  resembles  the  perilymph. 

The  otoliths  are  two  small  rounded  bodies  consisting  of  a  mass  of  minute  crys- 
talline grains  of  carbonate  of  lime,  held  together  in  a  mesh  of  delicate  fibrous 
tissue,  and  contained  in  the  walls  of  the  utricle  and  saccule,  opposite  the  distribu- 
tion of  nerves.  A  calcareous  material  is  also,  according  to  Bowman,  sparingly 
scattered  in  the  cells  lining  the  ampulla  of  each  semicircular  canal. 

The  arteries  of  the  labyrinth  are — the  internal  auditory,  from  the  basilar ;  the 
stylo-mastoid,  from  the  posterior  auricular ;  and,  occasionally,  branches  from  the 
occipital.  The  internal  auditory  divides  at  the  bottom  of  the  internal  meatus  into 
two  branches,  cochlear  and  vestibular. 

The  cochlear  branch  subdivides  into  from  twelve  to  fourteen  twigs,  which 
traverse  the  canals  in  the  modiolus,  and  are  distributed,  in  the  form  of  a  capillary 
network,  in  the  substance  of  the  lamina  spiralis. 

The  vestibular  branches  accompatiy  the  nerves,  and  are  distributed,  in  the  form 
of  a  minute  capillary  network,  in  the  substance  of  the  membranous  labyrinth. 

The  veins  (auditory)  of  the  vestibule  and  semicircular  canals  accompany  the 
arteries,  and,  receiving  those  of  the  cochlea  at  the  base  of  the  modiolus,  terminate 
in  the  superior  petrosal  sinus. 

The  auditory  nerve,  the  special  nerve  of  the  sense  of  hearing,  divides,  at  the 
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bottom  of  the  internal  auditory  meatus,  into  two  branches,  the  cochlear  and  ves- 
tibular.  The  trunk  of  the  nerve,  as  well  as  the  branches,  contains  numerous 
ganglion-cells  with  caudate  prolongations. 

The  vestibular  nerve,  the  posterior  of  the  two,  divides  into  three  branches — 
superior,  middle,  and  inferior. 

The  superior  vestibular  branch,  the  largest,  divides  into  numerous  filaments, 
which  pass  through  minute  openings  at  the  upper  and  back  part  of  the  cul-de- 
sao  at  the  bottom  of  the  meatus,  and,  entering  the  vestibule,  are  distributed 
to  the  utricle  and  to  the  ampulla  of  the  external  and  superior  semicircular 
canals. 

The  middle  vestibular  branch  consists  of  numerous  filaments,  which  enter  the 
vestibule  by  a  smaller  cluster  of  foramina  placed  below  those  above  mentioned, 
and  which  correspond  to  the  bottom  of  the  fovea  hemispherica ;  they  are  distributed 
to  the  saccule. 

The  inferior  and  smallest  branch  passes  backward  in  a  canal  behind  the  fora- 
mina for  the  nerves  of  the  saccule,  and  is  distributed  to  the  ampulla  of  the  pos- 
terior semicircular  canal. 

The  nervous  filaments  enter  the  ampullary  enlargements  at  a  deep  depression 
seen  on  their  external  surface,  with  a  corresponding  elevation  when  seen  from 
within  ;  the  nerve-fibres  ending  in  loops  and  in  free  extremities.  In  the  utricle 
and  saccule  the  nerve-fibres  spread  out,  some  blending  with  the  calcareous  matter ; 
others,  radiating  on  the  inner  surface  of  the  wall  of  each  cavity,  become  blended 
with  a  layer  of  nucleated  cells  and  terminate  in  a  thin  fibrous  film. 

The  cochlear  nerve  divides  into  numerous  filaments  at  the  base  of  the  modiolus, 
which  ascend  along  its  canals,  and  then,  bending  outward  at  right  angles,  pass 
between  the  plates  of  the  bony  lamina  spiralis,  close  to  its  tympanic  surface. 
Between  the  plates  of  the  spiral  lamina  the  nerves  form  a  plexus  which  contains 
ganglion  cells  forming  the  ganglion  spirale.  From  this  ganglion  delicate  filaments 
pass  between  the  layers  of  the  osseous  lamina  to  the  sulcus  spiralis  and  pass  out- 
ward to  the  organ  of  Corti.  Their  exact  termination  is  uncertain.  Waldeyer 
describes  them  as  collected  into  two  groups,  one  group  ending  in  the  outer  and  the 
other  in  the  inner  hair-cells. 

Surj^cal  Axiatomy. — Malformations,  such  as  imperfect  development  of  the  external  parts, 
absence  of  the  meatus,  or  supernumerary  auricles,  arc  occasionally  met  with.  Or  the  pinna  may 
present  a  congenital  fistula  which  is  due  to  defective  closure  of  the  first  visceral  cleft,  or  rather 
of  that  portion  of  it  which  is  not  concerned  in  the  formation  of  the  Eustachian  tube,  t>jmpanum, 
and  meatus.  The  skin  of  the  auricle  is  thin  and  richly  supplied  with  blood,  but  in  spite  of  this 
it  is  frequently  the  scat  of  frost-bite,  due  to  the  fact  that  it  b  much  exposed  to  cola,  and  lacks 
the  usual  covering  of  subcutaneous  fat  found  in  most  other  parts  of  the  body.  A  collection  of 
blood  is  sometimes  found  between  the  cartilage  and  perichondrium  {?i<rmatoma  auris),  usually 
the  result  of  traumatism,  but  not  necessarily  due  to  this  cause.  It  is  said  to  occur  most  fre- 
quently in  the  ears  of  the  insane.  Keloid  sometimes  grows  in  the  auricle  around  the  puncture 
made  for  earrings,  and  epithelioma  occasionally  affects  this  part.  De|X)sits  of  imite  of  soda  are 
often  met  with  in  the  pinna  in  gouty  subjects. 

The  external  auditory  meatus  can  be  most  satisfactorily  examined  by  light  reflected 
down  a  funnel-shaped  speculum ;  by  gently  moving  the  latter  in  different  directions  the 
whole  of  the  canal  and  membrana  tympani  can  be  brought  into  view.  The  points  to  Ixj  noted 
are,  the  presence  of  wax  or  foreign  bodies,  the  size  of  the  canal  and  the  condition  of  the  mem- 
brana tympani.  The  accumulation  of  wax  is  often  the  cause  of  deafness,  and  may  give  rise  to 
very  serious  consequences,  causing  ulceration  of  the  membrane  and  even  absorption  of  the  bony 
wall  of  tlie  canal.  Foreign  bodies  are  not  infrequently  introduced  into  the  ear  by  children,  and. 
when  situated  in  the  first  portion  of  the  canal,  may  be  removed  with  tolerable  facility  by  means 
of  a  minute  hook  or  loop  of  fine  wire,  with  reflected  light;  but  when  they  have  slip[)ed  beyond 
the  narrow  middle  part  of  the  meatus,  their  removal  i.s  in  no  wise  easy,  and  attemi)ts  to  effect 
it,  in  inexperienced  hands,  may  be  followed  by  destniction  of  the  membrana  tvmpani  and  possi- 
bly the  contents  of  the  tympanum.  The  calibre  of  the  external  auditor>'  canal  maybe  narrowed 
by  inflammation  of  its  lining  membrane,  running  on  to  suppuration  ;  hy  periostitis :  by  polypi, 
8e))aceous  tumors,  and  exostoses.  The  membrana  tympani,  when  seen  in  a  healthy  ear,  '*  reflects 
light  strongly,  and,  owing  to  its  peculiar  curvature,  presents  a  bright  spot  of  triangular  shape  at 
its  lower  and  anterior  portion."  From  the  apex  of  this,  proceeding  upward  and  slightly  forward, 
is  a  white  streak  formed  by  the  handle  of  the  malleus,  while  at  the  upper  and  midole  part  of  the 
membrane  may  be  seen  a  slight  projection,  caused  by  the  short  process  of  the  malleus.     In 
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disease  alterations  in  color,  lustre,  curvature  or  inclination,  and  perforation  must  be  noted.  Such 
perforations  may  be  caused  by  a  blow  or  a  loud  report  or  by  a  wound. 

The  upper  wall  of  the  meatus  is  separated  from  the  cranial  cavity  by  a  thin  plate  of  bone ; 
the  anterior  wall  is  separated  from  the  temporo-maxillary  joint  and  parotid  gland  by  the  bone 
forming  the  glenoid  fossa ;  and  the  posterior  wall  is  in  relation  with  the  mastoid  cells ;  hence 
inflammation  of  the  external  auditory  meatus  may  readily  extend  to  the  membranes  of  the  brain, 
to  the  temporo-maxillary  joint,  or  to  the  mastoid  cells ;  and,  in  addition  to  this,  blows  on  the  chin 
may  cause  fracture  of  the  wall  of  the  meatus. 

The  nerves  supplying  the  meatus  are  the  auricular  branch  of  the  pneumogastric,  the 
auriculo-t^mporal,  and  the  auricularis  magnus.  The  connections  of  these  nerves  explain  the 
fact  of  the  occurrence,  in  cases  of  any  irritation  of  the  meatus,  of  constant  coughing  and  sneez- 
ing from  implication  of  the  pneumogastric,  or  of  yawning  from  implication  of  the  auriculo- 
temporal. No  doubt  also  the  association  of  earache  with  toothache  in  cancer  of  the  tongue  is 
due  to  implication  of  the  same  nerve,  a  branch  of  the  fifth,  which  supplies  also  the  teeth  and 
the  tongue.  The  vessels  of  the  meatus  and  membrana  tympani  are  derived  from  the  posterior 
auricular,  temporal,  and  internal  maxillary  arteries.  The  upper  half  of  the  membrana  tympani 
is  much  more  richly  supplied  with  blood  than  the  lower  half.  For  this  reason,  and  also  to  avoid 
the  chorda  tympani  ner%'e  and  ossicles,  incisions  through  the  membrane  should  be  made  at  the 
lower  and  posterior  part. 

The  principal  point  in  connection  with  the  surgical  anatomv  of  the  tympanum  is  its  relations 
toother  parts.  Its  roof  is  formed  by  a  thin  plate  of  bone,  which,  with  the  aura  mater,  is  all  that 
separates  it  from  the  temporo-sphenoidal  lobe  of  the  brain.  Its  floor  is  immediately  above  the 
jugular  fossa  behind  and  the  carotid  canal  in  front.  Its  posterior  wall  presents  the  openings  of 
the  mastoid  cells.  On  its  anterior  wall  is  the  opening  of  the  Eustachian  tube.  Thus  it  follows 
that  in  disease  of  the  middle  ear  we  may  get  subdural  abscess,  septic  meningitis,  or  abscess  of 
the  cerebrum  or  cerebellum  from  extension  of  the  inflammation  through  the  bony  roof;  throm- 
bosis of  the  lateral  sinus,  with  or  without  pyaemia,  by  extension  through  the  floor ;  or  mastoid 
abscess  by  extension  backward.  In  addition  to  this,  we  may  get  fatal  haemorrhage  from  the 
internal  carotid  in  destructive  changes  of  the  middle  ear;  and  in  throat  disease  we  may  get  the 
inflammation  extending  up  the  Eustachian  tube  to  the  middle  ear.  The  Eustachian  tube  is 
accessible  from  the  nose.  If  the  nose  and  mouth  be  closed  and  an  attempt  made  to  expire  air, 
a  sense  of  pressure  with  dulness  of  hearing  is  produced  in  both  ears,  from  the  air  finding  its 
way  up  the  Eustachian  tube  and  bulging  out  the  membrana  tympani.  During  the  act  of 
swallowing  the  pharyngeal  orifice  of  the  tube,  which  is  normally  closed,  is  opened,  probably  by 
the  action  of  tne  Tensor  tympani.  This  fact  was  employed  hy  Politzer  in  devismg  an  easy 
method  of  inflating  the  tube.  The  nozzle  of  an  india-ruober  syringe  is  inserted  into  the  nostril ; 
the  patient  takes  a  mouthful  of  water  and  holds  it  in  his  mouth ;  both  nostrils  are  closed  with 
the  finger  and  thumb  to  prevent  the  escape  of  air,  and  the  patient  is  then  requested  to  swallow ; 
as  he  does  so  the  air  is  forced  out  of  the  syringe  into  his  nose,  and  is  driven  mto  the  Eustachian 
tube,  which  is  now  open.  The  impact  of  the  air  against  the  membrana  tympani  can  be  heard,  if 
the  membrane  is  sound,  by  means  of  a  piece  of  india-rubber  tubing,  one  end  of  which  is  inserted 
into  the  meatus  of  the  patient's  ear,  the  other  into  that  of  the  surgeon.  The  direct  examination 
of  the  Eustachian  tube  is  made  by  the  Eustachian  catheter.  This  is  passed  along  the  floor  of 
the  nostril,  with  the  curve  downward,  to  the  posterior  wall  of  the  phar3nix.  When  this  is  felt, 
the  catheter  is  to  be  withdrawn  about  half  an  inch,  and  the  point  rotated  outward  through  a 
quarter  of  a  circle,  and  pushed  again  slightly  backward,  when  it  will  enter  the  orifice  of  the  tube, 
and  will  be  found  to  be  caught,  and  air  forced  into  the  catheter  will  be  heard  impinging  on  the 
tympanic  membrane  if  the  ears  of  the  patient  and  surgeon  are  connected  by  an  india-rubber 
tube. 
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THE  Apparatus  for  the  Digestion  of  the  Food  consists  of  the  alimentary  canal 
and  of  certain  accessory  organs. 

The  alimentary  canal  is  a  musculo-membranous  tube,  about  thirty  feet  in 
length,  extending  from  the  mouth  to  the  anus,  and  lined  throughout  its  entire 
extent  by  mucous  membrane.  It  has  received  different  names  in  the  various  parts 
of  its  course :  at  its  commencement,  the  mouth,  we  find  provision  made  for  the 
mechanical  division  of  the  food  (masticcUion),  and  for  its  admixture  with  a  fluid 
secreted  by  the  salivary  glands  (insalivation) ;  beyond  this  are  the  organs  of 
deglutition,  the  pharynx  ana  the  oesophagus,  which  convey  the  food  into  that  part 
of  the  alimentary  canal  (the  stomach)  in  which  the  principal  chemical  changes 
occur,  and  in  which  the  reduction  and  solution  of  the  food  take  place ;  in  the  small 
intestines  the  nutritive  principles  of  the  food  (the  chyle)  are  separated,  by  its 
admixture  with  the  bile  and  pancreatic  fluid,  from  that  portion  which  passes  into 
the  large  intestine,  most  of  which  is  expelled  from  the  system. 
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THE  MOUTH. 


The  mouth  (oral  or  buccal  cavity)  (Fig.  509)  is  placed  at  the  commencement  of 
the  alimentary  canal ;  it  is  a  nearly  oval-shaped  cavity,  in  which  the  mastication 
of  the  food  takes  place.  It  is  bounded,  in  front,  by  the  lips ;  laterally,  by  the 
cheeks  and  alveolar  processes  of  the  upper  and  lower  jaws ;  above,  by  the  hard 
palate  and  teeth  of  the  upper  jaw  ;  below,  by  the  tongue  and  by  the  mucous 
membrane  stretched  between  the  under  surface  of  that  organ  and  the  inner 
surface  of  the  jaws,  and  by  the  teeth  of  the  lower  jaw;  behind,  by  the  soft  palate 
and  fauces. 

The  mucous  membrane  lining  the  mouth  is  continuous  with  the  integument  at 
the  free  margin  of  the  lips  and  with  the  mucous  lining  of  the  fauces  behind  ;  it  is 
of  a  rose-pink  tinge  during  life,  and  very  thick  where  it  covers  the  hard  parts 
bounding  the  cavity.     It  is  covered  by  stratified  epithelium. 

The  lips  are  two  fleshy  folds  which  surround  the  orifice  of  the  mouth,  formed 
externally  of  integument  and  internally  of  mucous  membrane,  between  which  are 
found  the  Orbicularis  oris  muscle,  the  coronary  vessels,  some  nerves,  areolar  tissue, 
and  fat,  and  numerous  small  labial  glands.     The  inner  surface  of  each  lip  is  con- 
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nected  in  tbe  middle  line  to  the  gum  of  the  corresponding  jaw  by  a  fold  of  mucous 
membrane,  the  frcenuvi  labii  superiorii  and  inferioris — the  former  being  the  larger 
of  the  two. 

The  labial  glandi  are  situated  between  the  mucous  membrane  and  the  Orbicu- 
laris oris  round  the  orifice  of  the  mouth.  They  are  rounded  in  form,  about  the 
size  of  small  peas,  their  ducts  opening  by  small  orifices  upon  the  mucous  mem- 
brane.    In  structure  they  resemble  the  salivary  glands. 

The  choeks  form  the  sides  of  the  face  and  are  continuous  in  front  with  the  lips. 
They  are  composed  externally  of  integument,  internally  of  mucous  membrane, 
and  between  tbe  two  of  a  muscular  stratum,  besides  a  large  quantity  of  fat,  areolar 
tissue,  vessels,  nerves,  and  buccal  glands. 

The  mucous  membrane  lining  the  cheek  is  reflected  above  and  below  upon  the 
gums,  and  is  continuous  behind  with   the  lining  membrane  of  the  soft  palate. 


Fig.  509,— fecllonii]  view  oflhe  m 


Opposite  tbe  second  molar  tooth  of  the  upper  jaw  is  a  papilla,  the  summit  of 
which  presents  the  aperture  of  the  duct  of  tbe  parotid  gland.  Tbe  principal 
muscle  of  the  cheek  is  the  Buccinator,  but  numerous  other  muscles  enter  into  its 
formation — viz,  the  Zygomatici,  Kisorius  Santorini,  and  Platysma  myoides. 

The  buccal  gland»  are  placed  between  the  mucous  membrane  and  Buccinator 
muscle:  they  are  similar  in  structure  to  tbe  labial  glands,  but  smaller.  Two  or 
three  of  larger  size  than  the  rest  are  placed  between  the  Masseter  and  Buccinator 
muscles ;  their  ducts  open  into  the  mouth  opposite  the  last  molar  tooth.  Thcv  are 
called  molar  glands. 

The  gums  are  composed   of  a  dense  fibrous  tissue  closely  connected  to  the 
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periosteum  of  the  alveolar  processes  and  surrounding  the  necks  of  the  teeth. 
They  are  covered  by  smooth  and  vascular  mucous  membrane,  which  is  remark- 
able for  its  limited  sensibilitv.  Around  the  necks  of  the  teeth  this  membrane 
presents  numerous  fine  papillae,  and  from  this  point  it  is  reflected  into  the  alve- 
olus, where  it  is  continuous  with  the  periosteal  membrane  lining  that  cavity. 

THE  TEETH. 

The  human  subject  is  provided  with  two  sets  of  teeth,  which  make  their 
appearance  at  different  periods  of  life.  The  first  set  appear  in  childhood,  and  are 
called  the  temporary^  deciduous^  or  milk  teeth.  The  second  set,  which  also  appear 
at  an  early  period,  continue  until  old  age,  and  are  named  permanent. 

The  temporary  teeth  are  twenty  in  number — four  incisors,  two  canine,  and  four 
molars,  in  each  jaw. 

The  permanent  teeth  are  thirty-two  in  number — four  incisors  (two  central  and 
two  lateral),  two  canines,  four  bicuspids,  and  six  molars  in  each  jaw. 

General  Characters. — Each  tooth  consists  of  three  portions :  the  crown,  or  body, 
projecting  above  the  gum ;  the  root,  or  fang,  entirely  concealed  within  the  alveolus; 
and  the  neck,  the  constricted  portion,  between  the  other  two. 

The  roots  of  the  teeth  are  firmly  implanted  within  the  alveoli ;  these  depres- 
sions are  lined  with  periosteum,  which  is  reflected  on  to  the  tooth  at  the  point  of 
the  fang  and  covers  it  as  far  as  the  neck.  At  the  margin  of  the  alveolus  the  peri- 
osteum becomes  continuous  with  the  fibrous  structure  of  the  gums. 

Permanent  Teeth. 

The  incisors,  or  cutting  teeth,  are  so  named  from  their  presenting  a  sharp  cut- 
ting edge,  adapted  for  biting  the  food.  They  are  eight  in  number,  and  form  the 
four  front  teeth  in  each  jaw. 

The  crown  is  directed  vertically  and  is  wedge-like  in  form,  being  bevelled  at 
the  expense  of  its  posterior  surface,  so  as  to  terminate  in  a  sharp  horizontal  cut- 
ting edge,  which,  before  being  subject  to  attrition,  presents  three  small  prominent 
points.  It  is  convex,  smooth,  and  highly  polished  in  front ;  concave  behind,  where 
it  is  frequently  marked  by  slight  longitudinal  furrows. 

The  neck  is  constricted. 

The  fang  is  long,  single,  conical,  transversely  flattened,  thicker  before  than 
behind,  and  slightly  grooved  on  each  side  in  the  longitudinal  direction. 

The  incisors  of  the  upper  jaw  are  altogether  larger  and  stronger  than  those  of 
the  lower  jaw.  They  are  directed  obliquely  downward  and  forward.  The  two 
central  ones  are  larger  than  the  two  lateral,  and  their  free  edges  are  sharp  and 
chisel-like,  being  bevelled  at  the  expense  of  their  posterior  edge :  the  root  is  more 
rounded. 

The  iyicisors  of  the  lower  jaw  are  smaller  than  the  upper :  the  two  central  ones 
are  smaller  than  the  two  lateral,  and  are  the  smallest  of  all  the  incisor  teeth. 

The  canine  teeth  (cuspidati)  are  four  in  number — two  in  the  upper  and  two  in 
the  lower  jaw,  one  being  placed  behind  each  lateral  incisor.  They  are  larger  and 
stronger  than  the  incisors,  especially  the  root,  which  sinks  deeply  into  the  jaw  and 
causes  a  well-marked  prominence  upon  its  surface. 

The  crown  is  large  and  conical,  very  convex  in  front,  a  little  hollowed  and 
uneven  posteriorly,  and  tapering  to  a  blunted  point  or  cusp,  which  rises  above  the 
level  of  the  other  teeth. 

The  root  is  single,  but  longer  and  thicker  than  that  of  the  incisors,  conical  in 
form,  compressed  laterally,  and  marked  by  a  slight  groove  on  each  side. 

The  upper  canine  teeth  (vulgarly  called  eye-teeth)  are  larger  and  longer  than 
the  two  lower,  and  situated  a  little  behind  them. 

The  lower  canine  teeth  are  placed  in  front  of  the  upper,  so  that  their  summits 
correspond  to  the  interval  between  the  upper  canine  tooth  and  the  neighboring 
incisors  on  each  side. 
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The  bicuspid  teeth  (premolars,  small,  or  false  molars)  are  eight  in  number — 
four  in  each  jaw,  two  being  placed  immediately  behind  each  of  the  canine  teeth. 
They  are  smaller  and  shorter  than  the  canine. 

The  crown  is  compressed  from  without  inward,  and  surmounted  by  two  pyram- 
idal eminences,  or  cusps,  separated  by  a  groove ;  hence  their  name,  bicu^pidate. 
The  outer  of  these  cusps  is  larger  and  more  prominent  than  the  inner. 

The  neck  is  oval. 

The  root  is  generally  single,  compressed,  and  presents  a  deep  groove  on  each 
side,  which  indicates  a  tendency  in  the  root  to  become  double.  The  apex  is 
generally  bifid. 

The  upper  bicuspids  are  larger,  and  present  a  greater  tendency  to  the  division  of 
their  roots  than  the  lower ;  this  is  especially  marked  in  the  second  upper  bicuspid. 

The  molar  teeth  (multicuapidati,  true  or  large  molars)  are  the  largest  of  the 
permanent  set,  and  are  adapted  from  the  great  breadth  of  their  crowns  for  grinding 
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and  pounding  the  food.     They  are  twelve  in  number — six  in  each  jaw,  three 
being  placed  behind  each  of  the  posterior  bicuspids. 

The  crown  is  nearly  cubical  in  form,  rounded  on  each  of  its  lateral  surfaces, 
flattened  in  front  and  behind,  the  upper  surface  being  surmounted  by  four  or  five 
tubercles,  or  cusps  (four  in  the  upper,  five  in  the  lower  molars),  separated  from 
each  other  by  a  crucial  depression ;  hence  their  name,  multicuspidati. 

The  7ieck  is  distinct,  large,  and  rounded. 

The  root  is  subdivided  into  from  two  to  five  fangs,  each  of  which  presents  an 
aperture  at  its  summit. 

The  first  molar  tooth  is  the  largest  and  broadest  of  all ;  its  crown  has  usually 
five  cusps,  three  outer  and  two  inner.     In  the  upper  jaw  the  root  consists  of  three  . 
fangs,  widely  separated  from  one  another,  two  being  external,  the  other  internal. 

The  latter  is  the  largest  and  longest,  slightly  grooved,  and  sometimes  bifid. 
In  the  lower  jaw  the  root  consists  of  two  fangs,  one  being  placed  in  front,  the 
other  behind :  they  are  both  compressed  from  before  backward,  and  grooved  on 
their  contiguous  faces,  indicating  a  tendency  to  division. 
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The  secotid  molar  is  a  little  smaller  than  the  first. 

The  crown  has  four  cusps  in  the  upper  and  five  in  the  lower  jaw. 

The  root  has  three  fangs  in  the  upper  jaw  and  two  in  the  lower,  the  characters 
of  which  are  similar  to  the  preceding  tooth. 

The  third  molar  tooth  is  called  the  wisdom  tooth  (dens  sapientice),  from  its 
late  appearance  through  the  gum.  It  is  smaller  than  the  others,  and  its  axis  is 
directed  inward. 

The  crown  is  small  and  rounded  and  furnished  with  three  tubercles. 

The  root  is  generally  single,  short,  conical,  slightly  curved,  and  grooved  so  as 
to  present  traces  of  a  subdivision  into  three  fangs  in  the  upper  and  two  in  the 
lower  jaw. 

Temporary  Teeth. 

The  temporary  or  milk  teeth  are  smaller,  but  resemble  in  form  those  of  the 
permanent  set.  The  hinder  of  the  two  temporary  molars  is  the  largest  of  all  the 
milk  teeth,  and  is  succeeded  by  the  second  permanent  bicuspid.  The  first  upper 
molar  has  only  three  cusps — two  external,  one  internal;  the  second  upper  molar 
has  four  cusps.     The  first  lower  molar  has  four  cusps ;  the  second  low^er  molar 
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Fig.  511.— The  temporary,  or  milk  teeth.    External  view. 

has  five.  The  fangs  of  the  temporary  molar  teeth  are  smaller  and  more  diverging 
than  those  of  the  permanent  set,  but  in  other  respects  bear  a  strong  resemblance 
to  them. 

Structure  of  the  Teeth. 

On  making  a  vertical  section  of  a  tooth  (Fig.  512)  a  cavity  will  be  found  in  the 
interior.  This  cavity  is  situated  in  the  interior  of  the  crown  and  the  centre  of 
each  fang,  and  opens  by  a  minute  orifice  at  the  extremity  of  the  latter.  The  shape 
of  the  cavity  corresponds  somewhat  with  that  of  the  tooth ;  it  forms  what  is  called 
the  pulp'Caviti/,  and  contains  a  soft,  highly  vascular,  and  sensitive  substance,  the 
dental  pulp.  The  pulp  consists  of  a  loose  connective  tissue  and  cells;  it  is  richly 
supplied  with  vessels  and  nerves,  which  enter  the  cavity  through  the  small 
aperture  at  the  point  of  each  fang.  The  cells  of  the  pulp  are  partly  found 
,  permeating  the  connective  tissue,  and  partly  arranged  as  a  layer  on  the  wall  of 
the  pulp-cavity.  These  latter  cells  are  of  two  kinds :  some,  columnar  in  shape, 
are  named  the  odontoblasta  of  Waldet/er,  and  will  be  referred  to  hereafter ;  others, 
fusiform  in  shape,  are  wedged  in  between  the  columnar  cells,  and  have  two  fine 
processes,  the  outer  or  distal  one  passing  into  a  dentine  tubule ;  the  inner  being 
continuous  with  the  processes  of  the  connective-tissue  cells  of  the  pulp-matrix. 
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Accordinz  to  some  anatomistB,  the  processes  of  the  odontoblasts  are  also  continued 
into  the  dentine  tubuli. 

The  solid  portion  of  the  tooth  coosists  of  three  distinct  structures — viz.  the 
proper  dental  substance,  which  forms  the  larger  portion  of  the  tooth,  the  ivory 
or  dentine ;  a  layer  which  covers  the  exposed  part  of  the  crown,  the  enamel;  and 
ft  thin  layer,  which  is  disposed  on  the  surface  of  the  fang,  the 
'•ement  or  erusta  petroaa.  '■ 

The  ivory,  or  dentins  (Fig.  513),  forma  the  principal  mass 
of  a  tooth;  in  its  central  part  is  the  cavity  enclosing  the  pulp. 
It  is  a  modification  of  osseous  tissue,  from  which  it  differs, 
however,  in  structure.  On  microscopic  examination  it  is  seen 
to  consist  of  a  number  of  minute  wavy  and  branching  tubes 
having  distinct  parietes.     They  are  called  the  dental  tubuli,  and 

are  imbedded  in  a  dense  homogeneous  substance,  the  intertubu-    Fia-sif— verticaiiec- 
]         ^  ^  ^  tion  of  a  molar  tooth, 

Uir  tissue. 

The  dental  tiiiuli(Fig.  514)  are  placed  parallel  with  one  another,  and  open  at 
their  inner  ends  into  the  pulp-cavity.  In  their  course  to  the  periphery  they  present 
two  or  three  curves,  and  are  twisted  on  themselves  in  a  spiral  direction.  The 
direction  of  these  tubes  varies :  they  are  vertical  in  the  upper  portion  of  the  crown, 
oblique  in  the  neck  and  upper  part  of  the  root,  and  toward  the  lower  part  of  the 


root  they  are  inclined  downward.  The  tubuli,  at  their  commencement,  arc 
about  j^jTj  of  an  inch  in  diameter;  in  their  course  they  divide  and  subdivide 
dichotomously,  so  as  to  give  to  the  cut  surface  of  the  dentine  a  striated  appear- 
ance. From  the  sides  of  the  tubes,  especially  in  the  fang,  ramifications  of 
extreme  minuteness  are  given  off,  which  join  together  in  loops  in  the  interlubular 
substance,  or  terminate  in  small  dilatations,  from  which  branches  are  given  off. 
Near  the  periphery  of  the  dentine  the  finer  ramifications  of  the  tubuli  terminate 
in  a  layer  of  irregular  branched  spaces  which   communicate  with  each  other. 
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These  are  called  the  interglobular  spaces  of  Czermak^  or  the  granular  layer  of 
Purkinje  (Fig.  514).  The  dental  tubuli  have  comparatively  thick  walls,  and 
contain  slender  cylindrical  prolongations  from  the  cells  of  the  pulp-tissue,  first 
described  bv  Mr.  Tomes,  and  named  Tomes \s  fibres  or  dentinal  fibres.  These 
dentinal  fibres  are  analogous  to  the  soft  contents  of  the  canaliculi  of  bone. 
Between  Tomes's  fibres  and  the  ivory  of  the  canals  there  is  an  elastic  homo- 
geneous membrane  which  resists  the  action  of  acids — the  dentinal  sheath  of 
Neumann, 

The  intertubular  substance  is  translucent,  finely  granular,  and  contains  the 
chief  part  of  the  earthy  matter  of  the  dentine.  After  the  earthy  matter  has  been 
removed  by  steeping  a  tooth  in  weak  acid  the  animal  basis  remaining  may  be 
torn  into  laminae  which  run  parallel  with  the  pulp-cavity  across  the  direction  of 
the  tubes.  A  section  of  dentine  often  displays  a  series  of  somewhat  parallel  lines 
— the  incremental  lines  of  Salter,  These  lines  are  composed  of  a  number  of 
masses  of  imperfectly  calcified  dentine  arranged  in  layers.  In  consequence  of 
the  imperfection  in  the  calcifying  process  little  irregular  cavities  are  left,  termed 
interglobular  spaces^  similar  to  those  in  the  granular  layer,  but  larger.  They  have 
received  their  name  from  the  fact  that  they  are  surrounded  by  minute  nodules  or 
globules  of  dentine.  Other  curved  lines  may  be  seen  parallel  to  the  surface.  These 
are  the  lines  of  Schreger,  and  are  due  to  the  optical  effect  of  simultaneous  curvature 
of  the  dentinal  fibres. 

Chemical  Composition. — According  to  Berzelius  and  Bibra,  dentine  consists  of 
28  parts  of  animal  and  72  of  earthy  matter.  The  animal  matter  is  resolvable  bj- 
boiling  into  gelatin.  The  earthy  matter  consists  of  phosphate  of  lime,  carbonate 
of  lime,  a  trace  of  fluoride  of  calcium,  phosphate  of  magnesia,  and  other  salts. 

The  enamel  is  the  hardest  and  most  compact  part  of  a  tooth,  and  forms  a  thin 
crust  over  the  exposed  part  of  the  crown  as  far  as  the  commencement  of  the  fang. 
It  is  thickest  on  the  grinding  surface  of  the  crown  until  worn  away  by  attrition, 
and  becomes  thinner  toward  the  neck.  It  consists  of  a  congeries  of  minute 
hexagonal  rods.  They  lie  parallel  with  one  another,  resting  by  one  extremity 
upon  the  dentine,  which  presents  a  number  of  minute  depressions  for  their  reception, 
and  forming  the  free  surface  of  the  crown  by  the  other  extremity.  These  fibres 
are  directed  vertically  on  the  summit  of  the  crown,  horizontally  at  the  sides ; 
they  are  about  the  t;^^  of  an  inch  in  diameter,  and  pursue  a  more  or  less  wavy 
course.  The  enamel  is  marked  by  a  series  of  undulating  lines,  which  cross  each 
other,  or  "decussate;"  these  lines  are  doubtless  formed  by  the  variation  in  the 
course  of  the  enamel-rods.  Another  series  of  lines,  having  a  brown  appearance, 
and  denominated  the  parallel  strice  of  Retzius,  are  seen  on  a  section  of  the  enamel. 
Their  exkct  significance  is  uncertain. 

Numerous  minute  interstices  intervene  between  the  enamel-fibres  near  their 
dentinal  surface,  a  provision  calculated  to  allow  of  the  permeation  of  fluids  from 
the  dentinal  tubule  into  the  substance  of  the  enamel.  It  is  a  disputed  point 
whether  the  dentinal  fibres  penetrate  a  certain  distance  between  the  rods  of  the 
enamel  or  not.     No  nutritive  canals  exist  in  the  enamel. 

Cheynical  Composition, — According  to  Bibra,  enamel  consists  of  96.6  per  cent, 
of  earthy  matter  and  3.5  percent,  of  animal  matter.  The  earthy  matter  con- 
sists of  phosphate  of  lime,  with  traces  of  fluoride  of  calcium,  carbonate  of  lime, 
phosphate  of  magnesia,  and  other  salts. 

The  cortical  substance,  or  cement  {crusta  petrosa),  is  disposed  as  a  thin  layer 
on  the  roots  of  the  teeth,  from  the  termination  of  the  enamel  as  far  as  the  apex  of 
the  fang,  where  it  is  usually  very  thick.  In  structure  and  chemical  composition 
it  resembles  bone.  It  contains,  sparingly,  the  lacunae  and  canaliculi  which 
characterize  true  bone;  the  lacunae  placed  near  the  surface  have  the  canaliculi 
radiating  from  the  side  of  the  lacunae  toward  the  periodontal  membrane,  and 
those  more  deeply  placed  join  with  the  adjacent  dental  tubuli.  In  the  thicker 
portions  of  the  crusta  petrosa  the  lamellie  and  Haversian  canals  peculiar  to  bone 
are  also  found. 
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As  age  advances  the  cement  increases  in  thickness,  and  gives  rise  to  those  bony  growths,  or 
exostoses,  so  common  in  the  teeth  of  the  aged ;  the  pulp-cavity  becomes  also  partially  filled  up 
by  a  hard  substance  intermediate  in  structure  between  aentine  and  bone  {osteo-dentine,  Owen ; 
secondary  dentine^  Tomes).  It  appears  to  be  formed  by  a  slow  conversion  of  the  dental  pulp, 
which  shrinks  or  even  disappears. 

Development  of  the  Teeth. 

In  describing  the  development  of  the  teeth  we  have  first  to  consider  the  mode 
of  formation  of  the  temporary  or  milk  teeth,  and  then  that  of  the  permanent 
series. 

Development  of  the  Temporary  Teeth. — The  development  of  these  teeth  in 
the  foetus  begins  at  a  very  early  period.  About  the  seventh  week  the  margin  of 
the  jaw  presents  a  slight  longitudinal  depression  or  groove  with  rounded  borders. 
This  is  termed  the  primitive  dental  groove  of  Goodsir,  and  is  caused  by  an 
involution  of  the  epithelium  of  the  oral  cavity  into  the  subjacent  connective 
tissue.  The  projecting  borders  of  the  groove  are  called  the  dental  ridges.  The 
groove  consists,  therefore,  superficially,  of  a  collection  of  epithelial  cells,  beneath 
which  is  a  gelatinous  connective  tissue,  which  is  taken  to  represent  the  corium 
and  connective  tissue  of  the  mucous  membrane ;  and  deeper  than  this  is  the 
ossifying  substance  of  the  jaw.  The  essential  structures  of  the  teeth  are  derived 
from  these  elements — the  enamel  from  the  epithelium  which  covers  the  surface  of 
the  dental  groove ;  the  dentine  and  crusta  petrosa  from  the  deeper  structures. 

First,  as  to  the  enamel.  The  primitive  dental  groove  increases  in  size  by  the 
growing  up  of  the  corium  in  front  and  behind,  and  is  filled  up  and  covered  in  by 
the  epithelium,  which  becomes  greatly  increased  in  quantity,  so  that  the  groove  is 
only  indicated  by  a  shallow  superficial  furrow.  Secondary  ridges  of  corium  rise 
at  intervals  along  the  floor  of  the  groove,  dividing  it  into  a  series  of  pits.  As  the 
dental  ridges — that  is  to  say,  the  sides  of  the  groove — rise  up,  epithelial  masses 
are  contained  within  the  separate  pits ;  these  are  called  enamel-germs^  and  seem 
to  pass  deeper  and  deeper  into  the  substance  of  the  jaw,  and  at  last  meet  with  the 
papillae,  presently  to  be  described.  The  lower  part  of  these  masses  of  epithelial 
cells — that  is,  the  part  farthest  from  the  margin  of  the  jaw — spreads  out  in  all 
directions,  and  the  epithelial  cells  here  increase  in  number.  Each  mass  thus 
assumes  a  flask  shape,  which  is  connected  by  a  narrow  neck,  embraced  by  the 
dental  ridges,  with  the  epithelial  lining  of  the  mouth.  It  may  now  be  compared 
to  a  tubular  gland,  consisting  of  a  dilated  extremity  filled  with  epithelium  and 
opening  by  a  narrow  duct,  also  filled  with  epithelium,  on  the  margin  of  the  jaw. 
This  narrow,  constricted  portion  is  called  the  neck  of  the  enamel-organ,  and  is  of 
importance  as  being  the  part  from  which  the  enamel-organ  of  the  future  perma- 
nent tooth  is  derived.  The  lower  expanded  portion  of  the  mass  of  epithelial  cells, 
the  body  of  the  flask,  now  inclines  outward,  so  as  to  form  an  angle  with  the  neck 
or  more  superficial  part. 

In  the  soft  connective  tissue  beneath  this  mass  of  epithelial  cells  small  papillae, 
corresponding  in  number  to  the  pits  in  the  primitive  dental  groove,  arise  by  an 
increased  development  and  growth  of  the  corpuscles  of  the  part.  They  grow 
upward,  become  vascular,  and  come  in  contact  with  the  epithelial  cells  of  the 
enamel-germ,  and  are  received  into  dimples  on  its  under  surface.  By  continued 
growth  they  push  their  way  up  into  the  enamel-germs,  which  become  folded  over 
them  like  a  hood  or  cap.  We  have  then,  at  this  stage,  vascular  papillae  which  have 
already  begun  to  assume  somewhat  the  shape  of  the  crowns  of  the  future  teeth, 
surmounted  by  domes  or  caps  of  epithelial  cells,  which  were  originally  the  cells 
contained  in  the  lower  or  expanded  part  of  the  flask-shaped  masses  in  the  primi- 
tive dental  groove  (Fig.  515).  These  cells  now  undergo  a  differentiation  into 
three  classes  or  varieties.  Those  which  are  in  contact  with  the  papilla,  and  which 
are  continuous  through  the  neck  of  the  enamel-germ  with  the  deepest  layer  of 
cells  of  the  oral  epithelium,  become  elongated  and  form  a  layer  of  well-marked 
and  regular  columnar  epithelium  coating  the  papilla.     These   are   named   the 
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internal  enamel  epithelium.  The  onter  layer  of  cells  of  the  enamel -germ, 
which  are  in  contact  with  the  inner  surface  of  the  dentinal  sac,  presently  to 
he  described,  are  much  shorter,  cubical  in  form,  and  are  named  the  external 
enamel  epithelium.  All  the  intermediate  round  cells  of  the  enamel-germ  between 
these  two  layers  undergo  a  peculiar  change.  They  become  stellate  in  shape, 
and  their  processes  unite  to  form  a  network  which  resembles  gelatinous  connective 
tissue. 

While  these  changes  have  been  going  on  the  soft  embryonic  tissue  from  which 
the  papillae  arose,  and  which  is  situated  beneath  the  enamel-germs,  grows  upward 
in  the  form  of  ridges,  surrounding  the  rudimentary  teeth  and  becoming  converted 
into  a  vascular  membrane,  constituting  a  sac — the  dentinal  aac — which  encloses 
each  tooth.  As  they  grow  upward  the  two  ridges  approach  one  another,  and, 
penetrating  the  lipa  of  the  primitive  groove,  they  cause  the  neck  of  the  enamel- 
organ  to  atrophy  and  disappear,  so  that  all  communication  between  the  enamel- 
germ  and  the  superficial  epithelium  is  cut  off. 


Fra.  MS.— Vertical  section  of  the  ii./ertor  maillla  of  an  early  haman  EeIus.    (Magnlfled  25  dlameten.) 

We  have  now  vascular  papillee  surmounted  by  inverted  caps  or  capsules  of 
epithelial  cells,  the  whole  being  surrounded  by  membranous  sacs.  The  cap  or 
capsule  consists  of  an  internal  layer  of  cells — the  internal  enamel  epithelium — in 
contact  with  the  papilla;  of  an  external  layer  of  cells — the  external  enamel 
epithelium — lining  the  interior  of  the  dentinal  sac;  and  of  an  intermediate 
mass  of  stellate  celts  with  anastomosing  processes  (Fig.  516).  The  enaraei  is 
formed  exclusively  from  the  internal  enamel  epithelium,  the  columnar  cells  of 
which  undergo  direct  calcification  and  become  elongated  into  the  hexagonal' rods 
of  the  enamel.  The  intermediate  cells  atrophy  and  disappear,  so  that  the 
calcified  internal  enamel  epithelium  and  the  external  enamel  epithelium  come 
into  close  apposition,  and  the  cells  of  this  latter  laver  form  a  distinct  mem- 
brane, named  the  cutitnila  deiitig  or  Nagmiftk't  viembrane,  which  long  reniains 
perceptible,  and,  after  the  tooth  has  emerged  from  the  gums,  forms  a  horny 
layer  which  may  be  separated  from  the  calcified  mass  below  by  the  action  of 
strong  acids.  It  is  marked  by  the  hexagonal  impressions  of  the  en  am  el -prisms, 
and  when  stained  by  nitrate  of  silver  shows  the  characteristic  appearance  of 
e]>ithclium.     It  soon,  however,  wears  away  from  the  surface  of  the  tooth. 

Formation  of  the  Dentine. — While  these  changes  are  taking  place  in  the 
e|iithelium  to  form  the  enamel  contemporaneous  changes  are  occurring  in  the 
blastema  or  corium  which  result  in  the  formation  of  the  dentine  and  cement.  As 
before  stated,  the  first  germ  of  the  dentine  consists  in  the  formation  of  papillse. 
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correBpondiog  in  number  to  the  teeth,  from  the  soft  connective  tissue  which  bonnds 
the  depressions  containing  the  enamel-germ.     The  papillie  grow  upward  into  the 
enamel-orgao,  and  become  coated  by  it  and  enclosed  in  a  vascular  connective  tis- 
sue, the  dentinal  sac,  in  the  manner  above  described.     They  then  constitute  the 
formative  pulp  from  which  the  dentine  and  permanent  pulp  are  derived.     Each 
papilla  consists   of  rounded  cells,    and   is   very   vascular,    and  soon   begins    to 
assume  the  shape  of  the  tooth  which  is  to  be  developed  from  it.     The  next  step  is 
the  formation  of  the  odontoblasts,  which  have  a  relation  to  the  development  of  the 
feeth  similar  to  that  of  the  osteoblasts  in  the  formation  of  bone.     They  are  formed 
first  from  the  cells  of  the  periphery  of  the  papilla,  which  become  enlarged  and  of 
an  elongated  form  and  provided  with   numerous  processes.     These  processes  as 
they  grow  become  calcified  externally,  the 
calcified   portion  forming  the   walls  of    the 
dentinal   tubules,   and  the   uncalcified  axial 
portion  forming  the  dentinal  fibres  (Tomes 'a 
fibres),     which    are    contained    within    the 
tubules.     In   addition   to   this,    the    lateral 
processes  from    the    odontoblasts  form    the 
branches  of  anastomosis  whereby  the  denti- 
nal canals  communicate.     In  this  way  the 
peripheral  layer  of  the  papilla  becomes  coated 
with  a  solid  shell  of  dentine,  on  the  inner 
surface  of  which  a  second   layer  of  odonto- 
blasts is  arranged,  and  in  its  turn  calcifies ; 
and  thus    the   process  goes  on    through  the 
enlire  thickness  of  the  dentine,  the  processes 
of  one  odontoblast  being  directly  continuous 
with  those  in  succeeding  layers,  so  that  each 
dental  fibre  must  be  regarded  as  formed  by 

several  continuous  odontoblasts.       The  central  Fio.  MS.-Dental  »ap  of  a  human  embryo  Bl 

part  or    the  papilla  does  not    undergo    calcill-       ,lfa,namniatt<-,    oVWaU  of  theaac,  formed  of 

cation  ;   its  cells  proliferate,  nerve-fibres  are     i™"^"i^a'!'™iL*i:nwnei'o^a'wim"ta  i«iSt 

developed  in  it,  and  it    remains   persistent   as  larj- nnd  parietal  layer  of  cells,  /.rf.    Theen- 

,  Y        r     1  ,  n\,  '        .      ,.  ,  aniel-memhrane  and  *nHmcl -prisma,    t.  IIVB- 

the  pulp  of   the  tooth.        1  he  cement  is  iormed  tlae  cells.  /.  Dental  irerm  and  pai.niariea.  p.  i. 

*■  .f  ,1      ~    ..        J       .-       ,  I.-    1      ■  Transition  of  the  null  of  the  follicle  into  the 

from  the  wall  of  the  dentinal  sac,  which  is     tiasueof  the  dental  Rerm. 

developed  from  the  embryonic  mass  at  the 

bottom   of  the  dental  groove  from  which  the  papilla  originally  sprung.     So  that 

the  dentine   and  cement  may  be  said  to  originate  from  analogous  structures.     In 

this  membranous   sac  ossification  goes  on  in  a  manner  identical  with  the  intra- 

membranous  ossification  of  bone,  and  the  cement  formed  is  simply  ordinary  bone 

containing  canaliculi  and  lacunte. 

The  germs  of  the  milk  teeth  make  their  appearance  in  the  following  order: 
At  the  seventh  week  the  germ  of  the  first  molar  of  the  upper  jaw  appears :  at  the 
eighth  week  that  for  the  canine  tooth  is  developed ;  the  two  incisor  papillse  appear 
about  the  ninth  week  {the  central  preceding  the  lateral);  lastly,  the  second  molar 
papilla  is  seen  at  the  tenth  week,  behind  the  anterior  molar.  The  teeth  of  the 
lower  jaw  appear  rather  later,  the  first  mnlar  papilla  being  only  just  visible  at  the 
seventh  week,  and  the  second  molar  papilla  not  being  developed  before  the  eleventh 
week. 

Development  of  the  Permanent  Teeth. — The  permanent  teeth  as  regards  their 
development  may  be  divided  into  two  sets:  (1)  tnose  which  replace  the  temporary 
teeth,  and  which',  like  them,  are  ten  in  number :  these  are  the  anecemonalpermanent 
teeth ;  and  (2)  those  which  have  no  temporary  predecessors,  but  are  superadded  at 
the  back  of  the  dental  series.  These  are  three  in  number  on  either  side  in  each 
jaw,  and  are  termetl  the  mtperadded  permanent  teeth.  They  are  the  three  molars 
of  the  permanent  set,  the  molars  of  the  temporary  set  being  replaced  by  the  pre- 
molars or  bicuspids  of  the  permanent  set.     The  development  of  the  successional 


902  THE   ORGANS   OF  DIGESTION. 

permanent  teeth — the  ten  anterior  ones  in  either  jaw — will  be  first  considered.  In 
the  neck  of  the  enamel-organ  of  the  temporary  tooth,  prior  to  the  meeting  of  the 
two  dental  ridges  and  the  obliteration  of  this  portion  of  the  primitive  dental  groove, 
an  indentation  of  the  epithelium  takes  place  in  the  layer  of  cells  forming  the 
posterior  wall  of  the  neck  of  the  sac.  This  forms  a  groove  or  indentation  similar 
to  the  groove  in  the  oral  epithelium  of  the  margin  of  the  jaw  which  fonned  the 
primitive  dental  groove,  and  from  its  resemblance  is  termed  by  Goodsir  the 
secondary  dental  groove.  These  grooves  or  depressions  are  ten  in  number  in  each 
jaw,  and  are  fonned  successively  from  before  backward.  They  become  filled  with 
epithelial  cells,  and  recede  into  the  substance  of  the  gum  behind  the  germs  of  the 
temporary  teeth.  They  constitute  the  enamel-germs  of  the  permanent  teeth.  As 
they  recede  they  become  flask-shaped,  from  an  expansion  of  their  distal  extremity, 
and  finally  meet  a  papilla,  which  has  been  formed  in  the  corium,  just  in  the  same 
manner  as  was  the  case  in  the  temporary  teeth.  The  apex  of  the  papilla  indentates 
the  enamel-germ,  which  encloses  it,  and  forming  a  cap  for  it,  undergoes  analogous 
changes  to  those  described  in  the  development  of  the  milk  teeth,  and  becomes 
converted  into  the  enamel,  whilst  the  papilla  forms  the  dentine  of  the  permanent 
tooth.  In  its  development  it  becomes  enclosed  in  a  dental  sac  which  adheres  to 
the  back  of  the  sac  of  the  temporary  tooth.  The  sac  of  each  permanent  tooth 
remains  connected  with  the  fibrous  tissue  of  the  gum  by  a  slender  band  or  guber- 
naculurn,  which  passes  to  the  margin  of  the  jaw  behind  the  corresponding  milk 
tooth. 

The  superadded  permanent  teeth — three  on  each  side  in  each  jaw — arise  from 
successive  extensions  backward  of  the  back  part  of  the  enamel-germ  of  the  imme- 
diately preceding  tooth.  During  the  fourth  month  that  portion  of  the  enamel- 
germ  of  the  last  temporary  molar  tooth  which  lies  behind  the  tooth,  and  which  has 
remained  unaltered,  is  prolonged  backward  and  forms  the  enamel-germ  of  the  first 
permanent  molar  into  which  a  papilla  projects.  From  this  tooth,  in  a  similar 
manner,  about  the  seventh  month  after  birth  the  second  molar  is  formed,  and 
about  the  third  year  the  third  molar  is  formed  by  an  extension  backward  of  the 
cnarael-germ  of  the  second  molar. 

Eruption. — When  the  calcification  of  the  different  tissues  of  the  tooth  is  suffi- 
ciently advanced  to  enable  it  to  bear  the  pressure  to  which  it  will  be  afterward 
subjected,  its  eruption  takes  place,  the  tooth  making  its  way  through  the  gum. 
The  gum  is  absorbed  by  the  pressure  of  the  crown  of  the  tooth  against  it,  which  is 
itself  pressed  up  by  the  increasing  size  of  the  fang.  At  the  same  time  the  septa 
between  the  dental  sacs,  at  first  fibrous  in  structure,  ossify,  and  constitute  the 
alveoli ;  these  firmly  embrace  the  necks  of  the  teeth  and  afford  them  a  solid  basis 
of  support. 

The  eruption  of  the  temporary  teeth  commences  at  the  seventh  month,  and  is 
complete  about  the  end  of  the  second  year,  those  of  the  lower  jaw  preceding  the 
upper. 

The  periods  for  the  eruption  of  the  temporary  set  are — 

7th  month,  central  incisors.  12th  to  14th  month,  anterior  molars. 

7th  to  10th  month,  lateral  incisors.       14th  to  20th  month,  canine. 

18th  to  36th  month,  posterior  molars. 

Calcification  of  the  permanent  teeth  commences  a  little  before  birth,  and  pro- 
ceeds in  the  following  order  in  the  upper  jaw — in  the  lower  jaw  a  little  earliei*: 
First  molar,  fifth  or  sixth  month  ;  the  central  incisor,  a  little  later  ;  lateral  incisors 
and  canine,  about  the  eighth  or  ninth  month  ;  the  bicuspids  at  the  second  year  ; 
second  molar,  fifth  or  sixth  year ;  wisdom  tooth  about  the  twelfth  year. 

Previous  to  the  permanent  teeth  penetrating  the  gum  the  bony  partitions  which 
separate  their  sacs  from  the  deciduous  teeth  are  absorbed,  the  fangs  of  the  temporary 
teeth  disappear  by  absorption  through  the  agency  of  particular  multinucleated 
cells,  called  odontoclasts^  which  are  developed  at  the  time  in  the  neighborhood 
of  the  fang,  and  the  permanent  teeth  become  placed  under  the  loose  crowns  of  the 
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deciduous  teeth  ;  the  latter  finally  become  detached,  and  the  permanent  teeth  take 
their  place  in  the  mouth. 

The  eruption  of  the  permanent  teeth  takes  place  at  the  following  periods,  the 
teeth  of  the  lower  jaw  preceding  those  of  the  upper  by  a  short  interval : 


6^  years,  first  molars. 
7th  year,  two  middle  incisors. 
8th  year,  two  lateral  incisors. 
9th  year,  first  bicuspid. 


10th  year,  second  bicuspid. 
11th  to  12th  year,  canine. 
12tn  to  13th  year,  second  molars. 
17th  to  21st  year,  wisdom  teeth. 


THE  PALATE. 

The  palate  forms  the  roof  of  the  mouth :  it  consists  of  two  portions,  the  hard 
palate  in  front,  the  soft  palate  behind. 

The  hard  palate  is  bounded  in  front  and  at  the  sides  by  the  alveolar  arches 
and  gums ;  behind,  it  is  continuous  with  the  soft  palate.  It  is  covered  by  a  dense 
structure  formed  by  the  periosteum  and  mucous  membrane  of  the  mouth,  which 
are  intimately  adherent  together.  Along  the  middle  line  is  a  linear  ridge  or  raphe, 
which  terminates  anteriorly  in  a  small  papilla  corresponding  with  the  inferior 
opening  of  the  anterior  palatine  fossa.  This  papilla  receives  filaments  from  the 
naso-palatine  and  anterior  palatine  nerves.  On  either  side  and  in  front  of  the 
raphe  the  mucous  membrane  is  thick,  pale  in  color,  and  corrugated ;  behind,  it  is 
thin,  smooth,  and  of  a  deeper  color :  it  is  covered  with  squamous  epithelium,  and 
furnished  with  numerous  glands  (palatal  glands),  which  lie  between  the  mucous 
membrane  and  the  surface  of  the  bone. 

The  soft  palate  {velum  pendulum  palati)  is  a  movable  fold  suspended  from  the 
posterior  border  of  the  hard  palate,  and  forming  an  incomplete  septum  between 
the  mouth  and  pharynx.  It  consists  of  a  fold  of  mucous  membrane  enclosing 
muscular  fibres,  an  aponeurosis,  vessels,  nerves,  adenoid  tissue,  and  mucous 
glands.  When  occupying  its  usual  position  (i.  e.  relaxed  and  pendent)  its  anterior 
surface  is  concave,  continuous  with  the  roof  of  the  mouth,  and  marked  by  a 
median  ridge  or  raphe,  which  indicates  its  original  separation  into  two  lateral 
halves.  Its  posterior  surface  is  convex,  and  continuous  with  the  mucous 
membrane  covering  the  floor  of  the  posterior  nares.  Its  upper  border  is  attached 
to  the  posterior  margin  of  the  hard  palate,  and  its  sides  are  blended  with  the 
pharynx.     Its  lower  border  is  free. 

Hanging  from  the  middle  of  its  lower  border  is  a  small,  conical-shaped 
pendulous  process,  the  unula,  and  arching  outward  and  downward  from  the  base 
of  the  uvula  on  each  side  are  two  curved  folds  of  mucous  membrane,  containing 
muscular  fibres,  called  the  arches  or  pillars  of  the  soft  palate. 

The  anterior  pillars  run  downward,  outward,  and  forward  to  the  sides  of  the 
base  of  the  tongue,  and  are  formed  by  the  projection  of  the  Palato-glossi  muscles, 
covered  by  mucous  membrane. 

The  posterior  pillars  are  nearer  to  each  other  and  larger  than  the  anterior ;  they 
run  downward,  outward,  and  backward  to  the  sides  of  the  pharynx,  and  are 
formed  by  the  projection  of  the  Palato-pharyngei  muscles,  covered  by  mucous 
membrane.  The  anterior  and  posterior  pillars  are  separated  below  by  a  triangular 
interval  in  which  the  tonsil  is  lodged. 

The  space  left  between  the  arches  of  the  palate  on  the  two  sides  is  called  the 
isthmus  of  the  fauces.  It  is  bounded,  above,  by  the  free  margin  of  the  soft  palate  ; 
below,  by  the  back  of  the  tongue ;  and  on  each  side,  by  the  pillars  of  the  soft 
palate  and  the  tonsil. 

The  mucous  membrane  of  the  soft  palate  is  thin,  and  covered  with  squamous 
epithelium  on  both  surfaces,  excepting  near  the  orifice  of  the  Eustachian  tube,  where 
it  is  columnar  and  ciliated.*     Beneath  the  mucous  membrane  on  the  oral  surface 


*  According  to  Klein,  the  mucous  membrane  on  the  nasal  surface  of  the  soft  palate  is  in  the 
foetus  covered  throughout  by  columnar  ciliated  epithelium. 
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of  the  soft  palate  is  a  considerable  amount  of  adenoid  tissue.     The  palatine  glands 
form  a  continuous  layer  on  its  posterior  surface  and  round  the  uvula. 

The  aponeurosis  of  the  soft  palate  is  a  thin  but  firm  fibrous  layer  attached  above 
to  the  posterior  border  of  the  hard  palate,  and  becoming  thinner  toward  the  free 
margin  of  the  velum.  Laterally,  it  is  continuous  with  the  pharyngeal  aponeurosis. 
It  forms  the  framework  of  the  soft  palate,  and  is  joined  by  the  tendon  of  the  Tensor 
palati  muscle. 

The  muscles  of  the  soft  palate  are  five  on  each  side :  the  Levator  palati. 
Tensor  palati,  Azygos  uvulae,  ralato-glossus,  and  Palato-pharyngeus  (see  page  423). 
The  following  is  the  relative  position  of  these  structures  in  a  dissection  of  the  soft 
palate  from  the  posterior  or  nasal  to  the  anterior  or  oral  surface :  Immediately 
beneath  the  nasal  mucous  membrane  is  a  thin  stratum  of  muscular  fibres,  the 
posterior  fasciculus  of  the  Palato-pharyngeus  muscle,  joining  with  its  fellow  of 
the  opposite  side  in  the  middle  line.  Beneath  this  is  the  Azygos  uvulae,  consisting 
of  two  rounded  fleshy  fasciculi,  placed  side  by  side  in  the  median  line  of  the  soft 
palate.  Next  comes  the  aponeurosis  of  the  Levator  palati,  joining  with  the  muscle 
of  the  opposite  side  in  the  middle  line.  Fourthly,  the  anterior  fasciculus  of  the 
Palato-pharyngeus,  thicker  than  the  posterior,  and  separating  the  Levator  palati 
from  the  next  muscle,  the  Tensor  palati.  This  muscle  terminates  in  a  tendon 
which,  after  winding  round  the  hamular  process,  expands  into  a  broad  aponeurosis 
in  the  soft  palate,  anterior  to  the  other  muscles  which  have  been  enumerated. 
Finally,  we  have  a  thin  muscular  stratum,  the  Palato-glossus  muscle,  placed  in 
front  of  the  aponeurosis  of  the  Tensor  palati,  and  separated  from  the  oral  mucous 
membrane  by  adenoid  tissue. 

The  tonsils  {amygdalce)  are  two  glandular  organs,  situated  one  on  each  side  of 
the  fauces,  between  the  anterior  and  posterior  pillars  of  the  soft  palate.  They  are 
of  a  rounded  form,  and  vary  considerably  in  size  in  different  individuals.  Exter- 
nally the  tonsil  is  in  relation  with  the  inner  surface  of  the  Superior  constrictor, 
which  separates  it  from  the  internal  carotid  and  ascending  pharyngeal  arteries. 
It  corresponds  to  the  angle  of  the  lower  jaw.  Its  inner  surface  presents  from 
twelve  to  fifteen  orifices,  leading  into  small  recesses,  from  which  numerous  follicles 
branch  out  into  the  substance  of  the  gland.  These  follicles  are  lined  by  a  continua- 
tion of  the  mucous  membrane  of  the  pharynx,  covered  with  epithelium ;  around 
each  follicle  is  a  layer  of  closed  capsules  imbedded  in  the  submucous  tissue.  These 
capsules  are  analogous  to  those  of  Peyer*s  glands,  consisting  of  adenoid  tissue. 
No  openings  from  the  capsules  into  the  follicles  can  be  recognized.  They  contain 
a  thick  grayish  secretion.  Surrounding  each  follicle  is  a  close  plexus  of  lymphatic 
vessels.  From  these  plexuses  the  lymphatic  vessels  pass  to  the  deep  cervical 
glands  in  the  upper  part  of  the  neck,  which  frequently  become  enlarged  in  affec- 
tions of  these  organs. 

The  arteries  supplying  the  tonsil  are  the  dorsalis  linguae  from  the  lingual,  the 
ascending  palatine  and  tonsillar  from  the  facial,  the  ascending  pharyngeal  from  the 
external  carotid,  the  descending  palatine  branch  of  the  internal  maxillary,  and  a 
twig  from  the  small  meningeal. 

The  veins  terminate  in  the  tonsillar  plexus,  on  the  outer  side  of  the  tonsil. 

The  nerves  are  derived  from  Meckel's  ganglion  and  from  the  glosso-pharyngeal. 

THE  SALXVARY  GLANDS  (Fig.  517). 

The  principal  salivary  glands  communicating  with  the  mouth  and  pouring 
their  secretion  into  its  cavity  are  the  parotid,  submaxillary,  and  sublingual. 

The  parotid  gland,  so  called  from  being  placed  near  the  ear  (;ra/><£,  near ;  ot5c, 
ciroCj  the  ear),  is  the  largest  of  the  three  salivary  glands,  varying  in  weight  from 
half  an  ounce  to  an  ounce.  It  lies  upon  the  side  of  the  face  immediately  below 
and  in  front  of  the  external  ear.  It  is  limited  above  by  the  zygoma ;  below,  by 
the  angle  of  the  jaw  and  by  a  line  drawn  between  it  and  the  mastoid  process : 
anteriorly,  it  extends  to  a  variable  extent  over  the  Masseter  muscle ;  posteriorly. 
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it  is  bounded  by  the  external  meatus,  the  mastoid  process,  and  the  Sterno-mastoid 
and  Digastric  muscles,  slightly  overlapping  the  latter. 

Its  anterior  surface  is  grooved  to  embrace  the  posterior  margin  of  the  ramus  of 
the  lower  jaw,  and  advances  forward  beneath  the  ramus,  between  the  two  Pterygoid 
muscles  and  in  front  of  the  ramus  over  the  Masseter  muscle.  Its  outer  surface, 
slightly  lobulated,  is  covered  by  the  integument  and  parotid  fascia,  and  has  one  or 
two  lymphaiic  glands  resting  on  it.  Its  inner  surface  extends  deeply  into  the  neck 
by  means  of  two  large  processes,  one  of  which  dips  behind  the  styloid  process  and 
projects  beneath  the  mastoid  process  and  the  Sterno-mastoid  muscle ;  the  other  is 
situated  in  front  of  the  styloid  process,  and  passes  into  the  back  part  of  the  glenoid 
fossa,  behind  the  articulation  of  the  lower  jaw.  The  structures  passing  through 
the  parotid  gland  are — the  external  carotid  artery,  giving  oif  its  three  terminal 
branches:  the  posterior  auricular  artery  emerges  from  the  gland  behind;  the 
temporal  artery  above ;   the  transverse  facial,  a  branch  of  the  temporal,  in  front ; 


Fig.  S11.— The  sail  vary  glands. 

and  the  iDtemal  maxillary  winds  through  ii  as  it  passes  inward,  behind  the  neck 
of  the  jaw.  Superficial  to  the  external  carotid  is  the  trunk  formed  by  the  union 
of  the  temporal  and  internal  maxillary  veins;  a.  branch,  connecting  this  trunk 
with  the  internal  jugular,  also  passes  through  the  gland.  It  is  also  traversed  by 
the  facial  nerve  and  its  branches,  which  emerge  at  its  anterior  border  ;  branches  of 
the  great  auricular  nerve  pierce  the  gland  to  join  the  facial,  and  the  auriculo- 
temporal branch  of  the  inferior  maxillary  nerve  emerges  from  the  upper  part  of  the 
gland.  The  internal  carotid  artery  and  internal  jugular  vein  lie  close  to  its  deep 
surface. 

The  duct  of  the  parotid  gland  (Sfetigon'g)  is  about  two  inches  and  a  half  in 
length.  It  commences  by  numerous  branches  from  the  anterior  part  of  the  gland, 
crosses  the  Masseter  muscle,  and  at  its  anterior  border  dips  down  into  the  substance 
of  the  Buccinator  muscle,  which  it  pierces;  it  then  runs  for  a  short  distance  obliquely 
forward  between  the  Buccinator  and  mucous  membrane  of  the  mouth,  and  opens 
upon  the  inner  surface  of  the  cheek  by  a  small  orifice  opposite  the  second  molar 
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tooth  of  the  upper  jaw,  Whil«  crossing  the  Masseter  it  receives  thedact  of  asmall 
detached  portion  of  the  gland,  socio  paroiidis,  which  occasionally  exists  as  a  separate 
lobe,  just  beneath  the  zyeomatic  arch.  Id  this  position  it  has  the  transverse  facia! 
artery  above  it  and  some  branches  of  the  facial  nerve  below  it. 

Btractnre. — The  parotid  duct  is  dense,  of  considerable  thickness,  and  its  canal 
about  the  size  of  a  crowquill ;  it  consists  of  an  external  or  fibrous  coat,  of 
considerable  density,  containing  contractile  fibres,  and  of  an  internal  or  mucous 
coat  lined  with  short  columnar  epithelium. 

Surface  Form.— The  direction  of  the  duet  corresponds  to  a  line  drawn  across  the  face  aboui 
a  finger' H  breadth  below  the  zygoma;  that  is,  from  the  lower  part  of  the  tragus  to  midwi; 
between  the  free  margin  of  the  upper  lip  and  the  ala  of  the  nose. 

Vessels  ajid  Nerres. — The  arteries  supplying  the  parotid  gland  are  derived  from 
the  external  carotid,  and  from  the  branches  given  off  by  that  vessel  in  or  near  its 
substance.  The  veint  empty  themselves  into  the  external  jugular  through  some 
of  its  tributaries.     The  l//mpkatics  terminate  in  the  superficial  and  deep  cervical 
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glands,  passing  in  their  course  through  two  or  three  lymphatic  glands  placed  on 
the  surface  and  in  the  substance  of  the  parotid.  The  nerves  are  derived  from  the 
carotid  plexus  of  the  sympathetic,  the  facial,  the  auriculo- temp  oral,  and  great 
auricular  nerves. 

It  is  probable  that  the  branch  from  the  auriculo-temporal  nerve  is  derived 
from  the  glo.sso- pharyngeal  through  the  otic  ganglion  (see  page  770).  At  all 
events,  in  some  of  the  lower  animals  this  has  been  proved  experimentally  to  be 
the  case. 

The  submaxillary  gland  is  situated  below  the  jaw.  in  the  anterior  part  of  the 
submaxillary  triangle  of  the  neck.  It  is  irregular  in  form  and  weighs  about  two 
drachms.  It  is  covered  by  the  integument,  Platysma,  deep  cervical  fascia,  and  the 
body  of  the  lower  jaw,  corresponding  to  a  de|)ression  on  the  inner  surface  of  that 
hone,  and  lies  upon  the  Mylo-hyoid,  Hyo-glossus.  and  Stylo-glossus  muscles,  a 
portion  of  tlic  ginnd  passing  beneath  the  posterior  border  of  the  Mylo-hyoid.  In 
front  of  it  is  the  anterior  belly  of  the  Digastric ;  behind,  it  is  separated  from  the 
parotid  gland  by  the  stylo-maxillary  ligament,  and  from  the  sublingual  gland  io 
front  by  the  Mylo-hyoid  muscle.  The  facial  artery  lies  imbedded  in  a  groove  in 
its  posterior  and  upper  border. 

The  duct  of  the  aubmaxiUarr  gland  (  Wliarton'»)  is  about  two  inches  in  length, 
and  its  walls  are  much  thinner  than  those  of  the  parotid  duct.  It  commences  by 
numerous  branches  from  the  deep  portion  of  the  gland,  and  passes  forward  and 
inward  between  the  Mylo-hyoid  and  the  Hyo-glossns  and  Genio-hyo-glosaus  mus- 
cles, then  between  the  sublingual  gland  and  the  Genio-hyo-glossus,  and  opens  by 
a  narrow  orifice  on  the  summit  of  a  small  papilla  at  the  side  of  the  frtenum  lingus. 
On  the  Hyo-glossus  muscle  it  lies  between  the  lingual  and  hypoglossal  nerves,  but 
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at  the  anterior  border  of  the  muscle  it  crosses  under  the  lingual  nerve,  and  is  then 
placed  above  it. 

Vessels  and  Kerres. — The  arteries  supplying  the  submaxillary  gland  are 
branches  of  the  facial  and  lingual.  Its  veins  follow  the  course  of  the  arteries. 
The  nerves  are  derived  from  the  submaxillary  ganglion,  through  which  it  receives 
filaments  from  the  chorda  tympani  of  the  facial  and  lingual  branch  of  the 
inferior  maxillary,  from  the  mylo-hyoid  branch  of  the  inferior  dental,  and  from 
the  sympathetic. 

The  sublingual  gland  is  the  smallest  of  the  salivary  glands.  It  is  situated 
beneath  the  mucous  membrane  of  the  floor  of  the  mouth,  at  the  side  of  the  fraenum 
linguae,  in  contact  with  the  inner  surface  of  the  lower  jaw,  close  to  the  symphysis. 
It  is  narrow,  flattened,  in  shape  somewhat  like  an  almond,  and  weighs  about  a 
drachm.  It  is  in  relation,  above^  with  the  mucous  membrane ;  beloti\  with  the 
Mylo-hyoid  muscle;  in  front,  with  the  depression  on  the  side  of  the  symphysis  of 
the  lower  jaw,  and  with  its  fellow  of  the  opposite  side ;  behind,  with  the  deep 
part  of  the  submaxillary  gland;  and  internally,  with  the  Genio-hyo-glossus, 
from  which  it  is  separated  by  the  lingual  nerve  and  Wharton's  duct.  Its 
excretory  ducts  (ducts  of  Rivini),  from  eight  to  twenty  in  number,  open 
separately  into  the  mouth,  on  the  elevated  crest  of  mucous  membrane  caused  by 
the  projection  of  the  gland,  on  either  side  of  the  fraenum  linguae.  One  or  more 
join  to  form  a  tube  which  opens  into  the  Whartonian  duct ;  this  is  called  the  duct 
of  Bartholin. 

Vessels  and  Nerves. — The  sublingual  gland  is  supplied  with  blood  from  the 
sublingual  and  submental  arteries.     Its  nerves  are  derived  from  the  lingual. 

Stmcture  of  Salivary  Glands. — The  salivary  are  compound  racemose  glands, 
consisting  of  numerous  lobes,  which  are  made  up  of  smaller  lobules  connected 
together  by  dense  areolar  tissue,  vessels,  and  ducts.  Each  lobule  consists  of  the 
ramifications  of  a  single  duct,  "branching  frequently  in  a  tree-like  manner,"  the 
branches  terminating  in  dilated  ends  or  alveoli,  on  which  the  capillaries  are 
distributed.  These  alveoli,  however,  as  Pfliiger  points  out,  are  not  necessarily 
spherical,  though  sometimes  they  assume  that  form ;  sometimes  they  are  perfectly 
cylindrical,  and  very  often  they  are  mutually  compressed.  The  alveoli  are  enclosed 
by  a  basement  membrane  which  is  continuous  with  the  membrana  propria  of  the 
duct.  It  presents  a  peculiar  reticulated  structure,  having  the  appearance  of  a 
basket  with  open  meshes,  and  consisting  of  a  network  of  branched  and  flattened 
nucleated  cells. 

The  alveoli  of  the  salivary  glands  are  of  two  kinds,  which  differ  both  in  the 
appearance  of  their  secreting  cells,  in  their  size,  and  in  the  nature  of  their 
secretion.  The  one  variety  secretes  a  ropy  fluid  which  contains  mucin,  and 
has  therefore  been  named  the  mucous,  whilst  the  other  secretes  a  thinner  and 
more  watery  fluid,  which  contains  serum-albumin,  and  has  been  named  serous 
or  albuminous.  The  sublingual  gland  may  be  regarded  as  an  example  of  the 
former  variety,  the  parotid  of  the  latter.  The  submaxillary  is  of  the  mixed 
variety,  containing  both  mucous  and  serous  alveoli,  the  latter,  however,  prepon- 
derating. 

Both  alveoli  are  lined  by  cells,  and  it  is  by  the  character  of  these  cells  that  the 
nature  of  the  gland  is  chiefly  to  be  determined.  In  addition,  however,  the  alveoli 
of  the  serous  glands  are  smaller  than  those  of  the  mucous  ones. 

The  cells  in  the  mucous  alveoli  are  spheroidal  in  shape,  glassy,  transparent,  and 
dimly  striated  in  appearance.  The  nucleus  is  usuallv  situated  in  the  part  of  the 
cell  which  is  next  the  basement  membrane,  against  which  it  is  sometimes  flattened. 
The  most  remarkable  peculiarity  presented  by  these  cells  is,  that  they  give  off"  an 
extremely  fine  process,  which  is  curved  in  a  direction  parallel  to  the  surface  of  the 
alveolus,  lies  in  contact  with  the  membrana  propria,  and  overlaps  the  process  of 
neighboring  cells.  Th^  cells  contain  a  quantity  of  mucin,  to  which  their  clear, 
transparent  appearance  is  due. 

Here  and  there  in  the  alveoli  are  seen  peculiar  half-moon-shaped  bodies  lying 
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between  the  cells  and  the  membrana  propria  of  the  alveolus.  They  are  termed 
the  crescents  of  Gianuzzi  or  the  demilunes  of  Heidenhain  (Fig.  518),  and  are 
regarded  by  Pfliiger  as  due  to  post-mortem  change,  but  by  most  other  later 
observers  they  are  believed  to  be  composed  of  polyhedral  granular  cells,  which 
Heidenhain  regards  as  young  epithelial  cells  destined  to  supply  the  place  of  those 
salivary  cells  which  have  undergone  disintegration.  This  view,  however,  is  not 
accepted  by  Klein. 

Serona  Alveoli. — In  the  serous  alveoli  the  cells  almost  completely  fill  the  cavity, 
so  that  there  is  hardly  any  lumen  perceptible.  Instead  of  presenting  the  clear, 
transparent  appearance  of  the  cells  of  the  mucous  alveoli,  they  present  a  granular 
appearance,  due  to  distinct  granules  of  an  albuminous  nature  imbedded  in  a  closely- 
reticulated  protoplasm.  The  ducts  which  originate  out  of  the  alveoli  are  lined  at 
their  commencement  by  epithelium  which  diflers  little  from  the  pavement  type. 
As  the  ducts  enlarge  the  epithelial  cells  change  to  the  columnar  type,  and  they  are 
described  by  Pfliiger  as  attached  to  the  basement  membrane  by  a  brush  of  fine 
hair-like  processes,  which  he  believes  to  be  continuous  with  the  nerve-fibres. 
Other  anatomists  regard  these  cells  a^  merely  striated  on  their  deep  surface. 
The  lobules  of  the  salivary  glands  are  richly  supplied  with  blood-vessels  which 
form  a  dense  network  In  the  interalveolar  spaces.  Fine  plexuses  of  nerves  are 
also  found  in  the  interlobular  tissue. 

PHuger  describes  the  nerves  as  being  * 

directly  continuous  with  the  salivary 
cells  of  the  alveolus,  the  nerve  some- 


times passing  through  a  ganglion-cell  just  before  joining  the  alveolus  (Fig.  519, 
A  and  b).  This  fact  has  not,  however,  been  corroborated  by  other  observers. 
There  is  no  doubt  that  ganglia  are  to  be  found  in  some  salivary  glands  in  connec- 
tion with  the  nerve-plexuses  in  the  interlobular  tissue;  thus  they  are  to  be 
found  in  the  submaxillary,  but  not  in  the  parotid,  but  whether  the  ultimate 
fibrils  are  connected  with  the  salivary  cells,  as  asserted  by  Pfliiger,  remains  to  be 
proved 

In  the  submaxillary  and  sublingual  glands  the  lobes  are  larger  and  more 
loosely  united  than  in   the  parotid. 

Nuc-ov^  Glands. — Besides  the  salivary  glands  proper,  numerous  other  glands 
are  found  in  the  mouth.  They  appear  to  secrete  mucus  only,  which  serves  to  keep 
the  mouth  moist  during  the  intervals  of  the  salivary  secretion,  and  which  is  mixed 
with  that  secretion  in  swallowing.  Many  of  these  glands  are  found  at  the  posterior 
part  of  the  dorsum  of  the  tongue,  behind  the  circumvallate  papillie.  and  also  along 
its  margins  as  far  forward  as  the  apex.'  Others  lie  -around  and  in  the  tonsil 
between  its  crypts,  and  a  large  number  in  the  soft  palate.  These  glands  are  of 
the  ordinary  compound  racemose  type. 

'  It  has  recently  bten  shown  by  Ehner  that  many  of  ihcse  glands  open  into  the  trenehen  around 
the  oiroumvallnte  [sipillip,  and  that  their  secretion  in  more  wstery  than  that  of  ordinary  mucous 
elnnds.  He  8iip]io<>e!i  tiiat  they  assist  in  the  more  rapid  distribution  of  the  nubslance  to  bo  tasted  over 
the  region  where  the  H^iecial  apparatus  of  the  sense  of  laste  Li  situaled. 
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Surface  Form. — ^The  orifice  of  the  mouth  is  bounded  by  the  lips,  two  thick,  fleshy  folds 
covered  externally  by  integument  and  internally  by  mucous  membrane,  and  consisting  of 
muscles,  vessels,  nerves,  areolar  tissue,  and  numerous  small  glands.  The  size  of  the  orifice  of 
the  mouth  varies  considerably  in  different  individuals,  but  seems  to  bear  a  close  relation  to  the 
size  and  prominence  of  the  teeth.  Its  corners  correspond  pretty  accurately  to  the  outer  border 
of  the  canine  teeth.  In  the  Mongolian  tribes,  where  the  front  teeth  are  large  and  inclined  for- 
ward, the  mouth  is  large ;  and  this,  combined  with  the  thick  and  everted  lips  which  appear  to 
be  associated  with  prominent  teeth,  gives  to  the  negro's  face  much  of  the  peculiarity  by  which 
it  is  characterized.  The  smaller  teeth  and  the  slighter  prominence  of  the  alveolar  arch  of  the 
more  highly  civilized  races  render  the  orifice  of  tne  mouth  much  smaller,  and  thus  a  small 
mouth  is  an  indication  of  intelligence,  and  is  regarded  as  an  evidence  of  the  higher  civilization 
of  the  individual. 

Upon  looking  into  the  mouth,  the  first  thing  we  may  note  is  the  tongue,  the  upper  surface 
of  which  will  be  seen  occupying  the  floor  of  the  cavity.  This  surface  is  convex,  and  is  marked 
along  the  iniddle  line  by  a  raphe  which  divides  it  into  two  symmetrical  portions.  The  anterior 
two-thirds  is  rough  and  studded  with  papillae ;  the  posterior  third  smooth  and  tuberculated, 
covered  by  numerous  glands  which  project  from  the  surface.  Upon  raising  the  tongue  the 
mucous  membrane  which  invests  the  upper  surface  may  be  traced  covering  the  sides  of  the 
under  surface,  and  then  reflected  over  the  floor  of  the  mouth  on  lo  the  inner  surface  of  the 
lower  jaw,  a  part  of  which  it  covers.  As  it  t)a8ses  over  the  borders  of  the  tongue  it  changes  its 
character,  becoming  thin  and  smooth  and  losing  the  papillse  which  are  to  be  seen  on  the  upper 
surface.  In  the  middle  line  the  mucous  membrane  on  the  under  surface  of  the  tip  of  the 
tongue  forms  a  distinct  fold,  the  jfrcmum  linguoB^  by  which  this  organ  is  connected  to  the  sym- 
physis of  the  jaw.  Occasionally  it  is  found  that  this  fraenum  is  rather  shorter  than  natural, 
and,  acting  as  a  bridle,  prevents  the  complete  protrusion  of  the  tongue.  When  this  condition 
exists  and  an  attempt  is  made  to  protrude  the  organ,  the  tip  will  be  seen  to  remain  buried  in 
the  floor  of  the  mouth,  and  the  aorsum  of  the  tongue  is  rendered  very  convex,  and  more  or 
less  extruded  from  the  mouth  ;  at  the  same  time  a  deep  furrow  will  be  noticed  to  appear  in  the 
middle  line  of  the  anterior  part  of  the  dorsum.  Sometimes,  a  little  external  to  the  frsenum, 
the  ranine  vein  may  be  seen  immediately  beneath  the  mucous  membrane.  The  corresponding 
artery,  being  more  deeply  placed,  does  not  come  into  view,  nor  can  its  pulsation  be  felt  with  the 
finger.  On  either  side  of  the  fraenum,  in  the  floor  of  the  mouth,  is  a  longitudinal  elevation  or 
ridge,  produced  by  the  projection  of  the  sublingual  gland,  which  lies  immediately  beneath  the 
mucous  membrane.  And  close  to  the  attachment  oi  the  irsenum  to  the  tip  of  the  tongue  may 
be  seen  on  either  side  the  slitrlike  orifices  of  Wharton's  ducts,  into  which  a  fine  probe  may  be 
passed  without  much  difficulty.  By  everting  the  lips  the  smooth  mucous  membrane  lining  them 
may  be  examined,  and  mav  be  traced  from  them  on  to  the  outer  surface  of  the  alveolar  arch. 
In  the  middle  line,  both  of  the  upper  and  lower  lip,  a  small  fold  of  mucous  membrane  passes 
from  the  lip  to  the  bone,  constituting  the  frcena ;  these  are  not  so  large  as  the  fraenum  linguae. 
By  pulling  outward  the  angle  of  the  mouth,  the  mucous  membrane  lining  the  cheeks  can  be 
seen,  and  on  it  may  be  perceived  a  little  papilla  which  marks  the  position  of  the  orifice  of  Sten- 
son's  duct — the  duct  of  the  parotid  glana.  The  exact  position  oi  the  orifice  of  the  duct  will  be 
found  to  be  opposite  the  second  molar  tooth  of  the  upper  jaw.  The  introduction  of  a  probe 
into  this  duct  is  attended  with  considerable  difficultv.  The  teeth  are  the  next  objects  which 
claim  our  attention  upon  looking  into  the  mouth.  There  are,  as  stated  above,  ten  in  either  jaw 
in  the  temporary  set,  and  sixteen  in  the  permanent  set.  The  gums,  in  which  they  are  implanted, 
are  dense,  firm,  and  vascular. 

At  the  back  of  the  mouth  is  seen  the  isthmus  of  the  fauces^  or,  as  it  is  popularly  called, 
"the  throat:"  this  is  the  space  between  the  pillars  of  the  fauces  on  either  side,  and  is  the 
means  by  which  the  mouth  communicates  with  the  pharynx.  Above,  it  is  bounded  by  the  soft 
palate,  the  anterior  surface  of  which  is  concave  and  covered  with  mucous  membrane,  which  is 
continuous  with  that  lining  the  roof  of  the  mouth.  Projecting  from  the  middle  of  its  lower 
border  is  a  conical-shaped  projection,  the  uvida.  On  either  side  of  the  isthmus  of  the  fauces 
are  the  anterior  and  posterior  pillars,  formed  by  the  Palato-glossus  and  Palato-pharyngeus 
muscles  respectively,  covered  over  by  mucous  membrane.  Between  the  two  pillars  on  either 
side  is  situated  the  tonsil.  By  their  external  surface  these  glands  are  in  close  relationship  with 
the  internal  carotid  artery,  being  separated  from  this  vessel  only  by  the  thin  plane  of  muscular 
fibres  forming  the  wall  of  the  pharynx.  It  is  stafed  that  this  vessel  may  be  wounded  in  remov- 
ing the  tonsil.  The  extirpation  of  this  glandular  body  is  not  unattended  with  danger  of 
haemorrhage  from  other  sources.  Dr.  Weir  has  stated  that  he  believes  that  when  haemorrhage 
occurs  after  their  removal  it  arises  from  one  of  the  palatine  arteries  having  been  wounded. 
These  vessels  are  large :  they  lie  in  the  muscular  tissue  of  the  palate,  and  when  wounded  are 
constantly  exposed  to  disturbance  from  the  contraction  of  the  palatine  muscles.  The  vessels  of 
the  tonsil.  Dr.  Weir  states,  are  small  and  lie  in  the  soft  tissue,  and  readily  contract  when 
wounded. 

When  the  mouth  is  wide  open  a  prominent  tense  fold  of  mucous  membrane  may  be  seen 
and  felt,  extending  upward  and  backward  from  the  position  of  the  fang  of  the  last  molar  tooth 
to  the  posterior  part  of  the  hard  palate.  This  is  caused  by  the  Pterygo-maxillary  ligament, 
which  IS  attached  by  one  extremity  to  the  apex  of  the  internal  pterygoid  plate,  and  by  the  other 
to  the  posterior  extremity  of  the  mylo-hyoid  ridge  of  the  lower  jaw.  It  connects  the  Buccina- 
tor with  the  Superior  constrictor  of  the  pharynx.     The  fang  of  the  last  molar  tooth  indicates 
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le  position  of  the  lingual  (gustatory)  nerve,  where  it  is  easily  accessible,  and  can  with  readiness 
t  divided  in  cases  of  cancer  of  the  tongue  (see  page  772).    On  the  inner  side  of  the  last  mokr 
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tooth  we  can  feel  the  hamular  process  of  the  internal  pterygoid  plate  of  the  sphenoid  bone, 
around  which  the  tendon  of  the  Tensor  palati  plays.  The  exact  position  of  this  process  is  of 
importance  in  performing  the  operation  of  staphylorraphy.  About  one-third  of  an  inch  in 
front  of  the  hamular  process,  and  the  same  distance  directly  inward  from  the  last  molar  tooth, 
is  the  situation  of  the  opening  of  the  posterior  palatine  canal,  through  which  emerges  the  pos- 
terior or  descending  palatine  oranch  of  the  internal  maxillar}'  artery  and  one  of  the  descenaiug 
f)a]atine  nerves  from  Meckers  ganglion.  The  exact  position  of  the  opening  on  the  subject  may 
»e  ascertained  by  driving  a  needle  through  the  tissues  of  the  palate  in  tKis  situation,  when  it 
will  be  at  once  felt  to  enter  the  canal.  The  arteiy  emerging  from  the  opening  runs  forwaiti  in  a 
groove  in  the  bone  just  internal  to  the  alveolar  border  of  the  hard  palate,  and  may  be  wounded 
in  the  operation  for  the  cure  of  cleft  palate.  Under  these  circumstances  the  palatine  canal  may 
require  plugging.  By  introducing  the  finger  into  the  mouth  the  anterior  border  of  the  coronoid 
process  of  the  jaw  can  be  felt,  and  is  especially  prominent  when  the  jaw  is  dislocated.  By 
throwing  the  head  well  back  a  considerable  portion  of  the  posterior  wall  of  the  pharynx  may  be 
seen  through  the  isthmus  faucium,  and  on  introducing  the  finger  the  anterior  surface  of  the 
bodies  of  the  upper  cervical  vertebrae  may  be  felt  immediately  beneath  the  thin  muscular  stra- 
tum forming  the  wall  of  the  i)harynx.  The  finger  can  be  hooked  around  the  posterior  border 
of  the  soft  palate,  and  by  turning  it  forward  the  posterior  nares,  separated  by  the  septum,  can 
be  felt,  or  tne  presence  of  any  adenoid  or  other  growths  in  the  naso-pharynx  ascertained. 

THE  FHAB7NX. 

The  pharynx  is  that  part  of  the  alimentary  canal  which  is  placed  behind  the 
nose,  mouth,  and  larynx.  It  is  a  musculo-membranous  sac,  somewhat  conical  in 
form,  with  the  base  upward  and  the  apex  downward,  extending  from  the  under 
surface  of  the  skull  to  the  cricoid  cartilage  in  front  and  the  intervertebral  disk 
between  the  fifth  and  sixth  cervical  vertebrae  behind. 

The  pharynx  is  about  four  inches  and  a  half  in  length,  and  broader  in  the 
transverse  than  in  the  antero-posterior  diameter.  Its  greatest  breadth  is  opposite 
the  cornua  of  the  hyoid  bone;  its  narrowest  point,  at  its  termination  in  the 
oesophagus.  It  is  limited,  above^  by  the  body  of  the  sphenoid  and  basilar  process 
of  the  occipital  bone;  helow^  it  is  continuous  with  the  oesophagus;  posteriorly^  it 
is  connected  by  loose  areolar  tissue  with  the  cervical  portion  of  the  vertebral 
column  and  the  Longi  colli  and  Recti  capitis  antici  muscles ;  anteriorly^  it  is 
incomplete,  and  is  attached  in  succession  to  the  internal  pterygoid  plate,  the 
ptery go-maxillary  ligament,  the  lower  jaw,  the  tongue,  hyoid  bone,  and  thyroid  and 
cricoid  cartilages ;  laterally^  it  is  connected  to  the  styloid  processes  and  their  mus- 
cles, and  is  in  contact  with  the  common  and  internal  carotid  arteries,  the  internal 
jugular  veins,  and  the  glosso-pharyngeal,  pneumogastric,  hypoglossal,  and  sym- 
pathetic nerves,  and  above  with  a  small  part  of  the  Internal  pterygoid  muscles. 

It  has  seven  openings  communicating  with  it — the  two  posterior  nares,  the 
two  Eustachian  tubes,  the  mouth,  larynx,  and  oesophagus. 

The  posterior  nares  are  the  two  oval  openings  (see  page  224)  situated  at  the 
upper  part  of  the  anterior  wall  of  the  pharynx. 

The  two  Eustachian  tubes  open  one  at  each  side  of  the  upper  part  of  the 
pharynx,  at  the  back  part  of  the  inferior  meatus.  Below  the  posterior  nares  are 
the  posterior  surface  of  the  soft  palate  and  uvula,  the  large  aperture  of  the 
mouth,  the  base  of  the  tongue,  the  epiglottis,  and  the  cordiform  opening  of  the 
larvnx. 

The  oesophageal  opening  is  the  lower  contracted  portion  of  the  pharynx. 

Structure. — The  pharynx  is  composed  of  three  coats — mucous,  fibrous,  and 
muscular. 

The  pharyngeal  aponeurosis^  or  fibrous  coat,  is  situated  between  the  mucous 
and  muscular  layers.  It  is  thick  above,  w  here  the  muscular  fibres  are  wanting,  and 
is  firmly  connected  to  the  basilar  process  of  the  occipital  and  petrous  portion  of  the 
temporal  bones.  As  it  descends  it  diminishes  in  thickness,  and  is  gradually  lost. 
It  is  strengthened  posteriorly  by  a  strong  fibrous  band  which  is  attached  above  to 
the  pharyngeal  spine  on  the  under  surface  of  the  basilar  portion  of  the  occipital 
bone,  and  passes  downward,  forming  a  median  raphe,  w^hich  gives  attachment  to 
the  Constrictor  muscles  of  the  pharynx. 
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The  mucous  coat  is  continuous  with  that  lining  the  Eustachian  tubes,  the  nares, 
the  mouth,  and  the  larynx.  It  is  covered  by  columnar  ciliated  epithelium,  as  low 
down  as  on  a  level  with  the  floor  of  the  nares ;  below  that  point  the  epithelium  is  of 
the  squamous  variety.  Beneath  the  mucous  membrane  are  found  racemose  mucous 
glands ;  they  are  especially  numerous  at  the  upper  part  of  the  pharynx  around  the 
orifices  of  the  Eustachian  tubes.  Throughout  the  pharynx  are  also  numerous  crypts 
or  recesses,  the  walls  of  which  are  surrounded  by  lymphoid  tissue  similar  to  what 
is  found  in  the  tonsils.  Across  the  back  part  of  the  pharyngeal  cavity,  between  the 
two  Eustachian  tubes,  a  considerable  mass  of  this  tissue  exists,  and  has  been  named 
the  pharyngeal  tonsiL  Above  this  in  the  middle  line  is  an  irregular,  flask-shaped 
depression  of  the  mucous  membrane,  extending  up  as  far  as  the  basilar  process  of 
the  occipital  bone.  It  is  known  as  the  bursa  pharyngeal  and  is  the  remains  of  the 
diverticulum  of  the  alimentary  canal,  which  is  concerned  in  the  development  of  the 
pituitary  body  (see  page  121). 

The  muscular  coat  has  been  already  described  (page  421). 

Surgical  Anatomy. — The  internal  carotid  artery  is  in  close  relation  with  the  pharynx,  so 
that  its  pulsations  can  be  felt  through  the  mouth.  It  has  been  occasionally  wounded  by  sharp- 
pointed  instruments  introduced  into  the  mouth  and  thrust  through  the  wall  of  the  pharynx. 
In  aneurism  of  this  vessel  in  the  neck  the  tumor  necessarily  bulges  into  the  pharynx,  as  this  is 
the  direction  in  which  it  meets  with  the  least  resistance,  nothing  lying  between  the  vessel  and 
the  mucous  membrane  except  the  thin  Constrictor  muscle,  whereas  on  the  outer  side  there  is 
the  dense  cervical  fascia,  the  muscles  descending  from  the  styloid  process,  and  the  margin  of  the 
Stemo-mastoid. 

The  mucous  membrane  of  the  pharynx  is  very  vascular,  and  is  often  the  seat  of  inflamma- 
tion, frequently  of  a  septic  character,  and  dangerous  on  account  of  its  tendency  to  spread  to  the 
larynx.  On  account  of  the  tissue  which  surrounds  the  pharyngeal  wall  being  loose  and  lax,  the 
inflammation  is  liable  to  spread  through  it  far  and  wide,  extending  downward  into  the  posterior 
mediastinum  along  the  (esophagus.  Abscess  may  form  in  the  connective  tissue  behind  the 
pharynx,  between  it  and  the  vertebral  column,  constituting  what  is  known  as  post-pharyngeal 
abscess.  This  is  most  commonly  due  to  caries  of  the  cervical  vertebrae,  but  may  also  be  caused 
by  suppuration  of  a  lymphatic  gland  which  is  situated  in  this  position  opposite  the  axis,  and 
which  receives  lymphatics  from  the  nares,  or  by  a  gumma  or  by  acute  pharyngitis.  The  abscess 
may  be  most  easily  evacuated  by  an  incision,  with  a  guarded  bistoury,  through  the  mouth.  It 
has  recently  been  proposed  to  open  the  abscess  aseptic-ally  by  an  incision  in  the  neck  behind  the 
Stemo-mastoid.  The  operation,  however,  is  a  diflicult  one,  unless  the  abscess  is  pointing  later- 
ally, and  does  not  give  such  free  access  to  the  seat  of  disease  for  the  removal  of  necrosed  bone,  if 
any  exists,  and  does  not  appear  to  present  sufficient  advantages  to  warrant  its  performance. 

Foreign  bodies  not  unfrequently  become  lodged  in  the  pharynx,  and  most  usually  at  its 
termination  at  about  the  level  of  the  cricoid  cartilage,  just  beyond  the  reach  of  the  finger,  as  the 
distance  from  the  arch  of  the  teeth  to  the  commencement  of  the  msophagus  is  about  six 
inches. 

The  position  of  the  opening  of  the  Eustachian  tubes  should  be  carefully  studied  with  a  view 
to  catheterism  of  these  tubes,  and  the  student  should  practise  passing  a  catheter  into  them.  This 
is  to  be  done  by  introducing  the  instrument  through  the  anterior  nares,  so  thcat  its  point  rests  on 
the  floor  of  the  nasal  cavity  close  to  the  septum  ;  it  is  then  pushed  gradually  ana  slowly  back- 
ward until  the  posterior  wall  of  the  pharj^nx  is  reached.  Then,  having  been  slightly  withdrawn 
so  as  to  firee  the  point  from  the  wall  of  the  pharynx,  it  is  i-otated  outward  and  upward,  so  that 
the  ring  of  the  instrument  is  turned  toward  the  external  ear,  and  it  can  then  be  made  to  glide 
into  the  Eustachian  tube. 

THE  (ESOPHAGUS. 

The  OBSophagus,  or  gullet,  is  a  muscular  canal,  about  nine  inches  in  length, 
extending  from  the  pharynx  to  the  stomach.  It  commences  at  the  upper  border 
of  the  cricoid  cartilage,  opposite  the  intervertebral  disk  between  the  fifth  and  sixth 
cervical  vertebrae,  descends  along  the  front  of  the  spine  through  the  posterior 
mediastinum,  passes  through  the  Diaphragm,  and,  entering  the  abdomen,  terminates 
at  the  cardiac  orifice  of  the  stomach,  opposite  the  tenth  dorsal  vertebra  or  the 
intervertebral  disk  between  the  tenth  and  eleventh  dorsal  vertebrae.  The  general 
direction  of  the  oesophagus  is  vertical,  but  it  presents  two  or  three  slight  curves 
in  its  course.  At  its  commencement  it  is  placed  in  the  median  line,  but  it  inclines 
to  the  left  side  as  far  as  the  root  of  the  neck,  gradually  passes  to  the  middle  line 
again,  and  finally  again  deviates  to  the  left  as  it  passes  forward  to  the  oesophageal 
opening  of  the  Diaphragm.     The  oesophagus  also  presents  an  antero-posterioi 
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flexure,  corresponding  to  the  curvature  of  the  cervical  and  thoracic  portions  of  the 
spine.  It  is  the  narrowest  part  of  the  alimentary  canal,  being  most  contracted  at 
its  commencement  and  at  the  point  where  it  passes  through  the  Diaphragm. 

Relations. — In  the  neck  the  oesophagus  is  in  relation,  in  fronts  with  the 
trachea,  and  at  the  lower  part  of  the  neck,  where  it  projects  to  the  left  side,  with 
the  thyroid  gland  and  thoracic  duct ;  behind^  it  rests  upon  the  vertebral  column  and 
Longi  colli  muscles ;  on  each  side^  it  is  in  relation  with  the  common  carotid  artery 
(especially  the  left,  as  it  inclines  to  that  side)  and  part  of  the  lateral  lobes  of  the 
thyroid  gland;  the  recurrent  laryngeal  nerves  ascend  between  it  and  the  trachea. 

In  the  thorax  it  is  at  first  situated  a  little  to  the  left  of  the  median  line ;  it  then 
passes  behind  the  left  side  of  the  aortic  arch,  and  descends  in  the  posterior 
mediastinum,  along  the  right  side  of  the  aorta,  nearly  to  the  Diaphragm,  where 
it  passes  in  front  and  a  little  to  the  left  of  the  artery,  previous  to  entering  the 
abdomen.  It  is  in  relation,  in  fronts  with  the  trachea,  the  arch  of  the  aorta, 
left  carotid,  and  left  subclavian  arteries,  the  left  bronchus,  and  the  posterior 
surface  of  the  pericardium ;  behind^  it  rests  upon  the  vertebral  column,  the  Longi 
colli  muscles,  and  the  intercostal  vessels,  and  below,  near  the  Diaphragm,  upon  the 
front  of  the  aorta;  laterally ^  it  is  covered  by  the  pleurae  :  the  vena  azygos  major 
lies  on  the  right  and  the  descending  aorta  on  the  left  side.  The  pneumogastric 
nerves  descend  in  close  contact  with  it,  the  right  nerve  passing  down  behind,  and 
the  left  nerve  in  front  of  it. 

Structure. — The  oesophagus  has  three  coats — an  external  or  muscular;  a 
middle  or  areolar ;  and  an  internal  or  mucous  coat. 

The  miLscular  coat  is  composed  of  two  planes  of  fibres  of  considerable  thickness, 
an  external  longitudinal  and  an  internal  circular. 

The  longitudinal  fibres  are  arranged,  at  the  commencement  of  the  tube,  in  three 
fasciculi :  one  in  front,  which  is  attached  to  the  vertical  ridge  on  the  posterior 
surface  of  the  cricoid  cartilage ;  and  one  at  each  side,  which  is  continuous  with 
the  fibres  of  the  Inferior  constrictor :  as  they  descend  they  blend  together  and 
form  a  uniform  layer,  which  covers  the  outer  surface  of  the  tube. 

Accessory  slips  of  muscular  fibres  are  described  by  Dr.  Cunningham  as 
passing  between  the  oesophagus  and  the  pleura,  where  it  covers  the  thoracic 
aorta  (almost  always),  or  the  root  of  the  left  bronchus  (usually),  or  the  back  of 
the  pericardium  or  corner  of  the  mediastinum  (more  rarely),  as  well  as  other  still 
more  rare  accessory  fibres.  In  Fig.  620,  taken  from  a  dissection  in  the  Museum 
of  the  Royal  College  of  Surgeons,  several  of  these  accessory  slips  may  be  seen 
passing  from  the  oesophagus  to  the  pleura,  and  two  slips  to  the  back  of  the  trachea 
just  above  its  bifurcation. 

^Y\iQ  circular  fibres  dLve  continuous  above  with  the  Inferior  constrictor;  their 
direction  is  transverse  at  the  upper  and  lower  parts  of  the  tube,  but  oblique  in  the 
central  part. 

The  muscular  fibres  in  the  upper  part  of  the  oesophagus  are  of  a  red  color,  and 
consist  chiefly  of  the  striped  variety,  but  below  they  consist  for  the  most  part  of 
involuntary  muscular  fibre. 

The  areolar  coat  connects  looselv  the  mucous  and  muscular  coats. 

The  7nucous  coat  is  thick,  of  a  reddish  color  above  and  pale  below.  It  is 
disposed  in  longitudinal  folds,  which  disappear  on  distension  of  the  tube.  Its 
surface  is  studded  with  minute  papillae,  and  it  is  covered  throughout  with  a  thick 
layer  of  stratified  pavement  epithelium.  Beneath  the  mucous  membrane,  between 
it  and  the  areolar  coat,  is  a  layer  of  longitudinally  arranged  non-striped 
muscular  fibres.  This  is  the  muscularis  muoosa*.  At  the  commencement  it  is 
absent,  or  only  represented  by  a  few  scattered  bundles ;  lower  down  it  forms  a 
considerable  stratum. 

The  (pmphafjeal  glands  are  numerous  small  compound  racemose  glands 
scattered  throughout  the  tube ;  they  are  lodged  in  the  submucous  tissue,  and  open 
upon  the  surface  by  a  long  excretory  duct.  They  are  most  numerous  at  the  lower 
part  of  the  tube,  where  they  form  a  ring  round  the  cardiac  orifice. 
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Vessels  of  tb«  (Esopliagns. — The  arteries  supplying  the  oesophagus  are  derived 
from  the  inferior  thyroid  hranch  of  the  thyroid  axis  of  the  subclavian,  from  the 
descending  thoracic  aorta,  and  from  the  gastric  branch  of  the  coeliac  axis  from 
the  abdominal  aorta.     They  have  for  the  most  part  a  longitudinal  direction. 

Nerves  of  the  (Esophagiis. — The  nerves  are  derived  from  the  pneumogastric 
and  from  the  sympathetic ;  they  form  a  plexus  in  which  are  groups  of  ganglion- 
cells  between  the  two  layers  of  the  muscular  coats,  and  also  a  second  plexus  in 
the  submucous  tissue. 

Surgical  Anatomy.— ^The  relations  of  the  (esophagus  are  of  considerable  practical  interest 
to  the  sur^n,  as  he  is  freriuently  required,  in  cases  of  stricture  of  this  tube,  to  dilate  the  canal 
by  a  bou^e,  when  it  is  of  importance  that  the  direction  of  the 
teaophagus  and  its  relations  to  surrounding  parts  should  be 
remembered.  In  cases  of  nialignant  disease  of  the  cesophagus, 
where  its  tisanes  have  become  soflened  from  infikruticin  of  the 
morbid  deposit,  the  greatest  care  is  requisite  in  directing  the 
boosie  throuith  the  strictured  part,  as  a  false  passage  may 
easily  be  made,  and  the  instrument  may  pass  into  the  medi- 
astinum, or  into  one  or  the  other  pleural  cavity,  or  even  into 
the  pericardium. 

The  student  should  also  remember  that  contraction  of  the 
eesopbaguH,  and  consequent  symptoms  of  Stricture^  are  occa- 
eionally  produced  by  an  aneurism  of  some  part  ot  the  aorta 
pressing  upon  this  tntie.  In  such  a  case  the  passage  of  a 
Doiigie  could  only  hasten  the  fatal  issue. 

In  passing  a  bougie  the  left  fore  tingcr  should  be  intro- 
duced into  the  mouth  and  the  epiglottis  felt  for,  care  bein^ 
taken  not  to  throw  the  head  too  far  backward.  The  bougie  la 
then  to  be  passed  beyond  the  finger  until  it  touches  the  pos- 
terior wall  of  the  pharynx.  The  patient  is  now  asked  to  swal- 
low, and  at  the  moment  of  swallowing  the  bougie  is  passed 
gently  onward,  all  violence  being  carefidly  avoided. 

It  occasionally  happens  that  a  foreign  body  becomes  im- 
pacted in  the  (esophagus  which  can  neither  be  brought  upward 
nor  moved  downward.  When  all  ordinary  means  for  its  re- 
moval have  &Ued,  excision  is  the  only  resource.  This,  of 
course,  can  only  be  performed  when  it  is  not  very  low  down. 
If  the  foreign  body  is  allowed  to  remain,  extensive  inflamma- 
tion and  ulceration  of  the  cesopliagus  may  ensue.  In  one  case 
the  foreign  body  ultimately  penetrated  the  intervertebral  sub- 
stance, and  destroyed  life  by  inflammation  of  the  membranes 
and  substance  of  the  cord. 

The  operation  of  oesophaeotomy  is  thus  performed  :  The 
patient  being  placed  upon  his  back,  with  the  head  and  shoul- 
ders slightly  elevated,  an  indsion,  about  four  inches  in  length, 
should  be  made  on  the  left  side  of  the  trachea,  from  the  thy- 
roid cartilage  downward,  dividing  the  skin  and  Platysma 
The  edges  of  the  wound  beine;  separated,  the  Omo-hj'oid 
muscle  should,  if  necessary,  be  divided,  and  the  fibres  of  the 
Sterno-hyoid  and  Stemu-thyroid  muai-les  drawn  inward;  the 
•sheath  of  the  carotid  vessels,  being  exposed,  should  be  drawn 
outward,  and  retained  in  that  position  by  retractors  :  the  oesoph- 
agus will  now  be  exposed,  and  should  be  div' ' 
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The  (esophagus  may  be  obstructed  not 
its  coats,  producmg  stricture,  or  by  pressure 
etc 

The  different  forms  of  stricture  are;    (1)  the  spasmodic,  usually  i _  _.__ 

women,  and  intermittent  in  character,  so  that  the  dysphagia  is  not  constant ;  {'!)  fibrous,  due  to 
cicatrisation  after  iiyuries.  such  as  swallowing  corrosive  fluids  or  boiling  water ;  and  (3)  malig- 
nant, usually  eiiitheliomatous  in  its  nature.  This  is  situated  generally  either  at  the  upper  end 
of  the  tube,  opposite  to  the  cricoid  cartilage,  or  at  its  lower  end  at  the  cardiac  oriflce,  but  is 
also  occasionally  found  at  that  part  of  the  tube  where  it  is  crossed  by  the  left  bronchus. 

The  operation  of  oesophagostomy  has  occasionally  been  performed  in  cases  where  the 
stricture  in  the  ceeophagus  is  at  the  upper  part,  with  a  view  to  making  a  permanent  opening 
below  the  stricture  through  which  to  fc<>d  the  patient,  but  the  operation  has  been  far  from  a 
Kiiccessful  one,  and  the  risk  of  setting  up  diffuse  inflarainalion  in  the  loose  planes  of  connective 
tissue  deep  in  the  neck  is  so  great  that  it  would  ap|icar  to  be  better,  if  any  operative  interference 
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is  undertaken,  to  perform  gastrostomy.     The  operation  is  performed  in  the  same  manner  as 
cesophagotomy,  but  the  edges  of  the  opening  in  tne  oesophagus  are  stitched  to  the  skin  incision. 

THE   ABDOMEN. 

The  Abdomen  is  the  largest  cavity  in  the  body.  It  is  of  an  oval  form,  the 
extremities  of  the  oval  being  directed  upward  and  downward,  the  upper  one 
being  formed  by  the  under  surface  of  the  Diaphragm,  the  lower  by  the  upper 
concave  surface  of  the  Levator  ani.  In  order  to  facilitate  description  it  is  arti- 
ficially divided  into  two  parts — an  upper  and  larger  part,  the  abdomen  proper ; 
and  a  lower  and  smaller  part,  the  pelvis.  These  two  cavities  are  not  separated 
from  each  other,  but  the  limit  between  them  is  marked  by  the  brim  of  the  true 
pelvis.  The  space  is  wider  above  than  below,  and  measures  more  in  the  vertical 
than  in  the  transverse  diameter. 

BoundarieB. — The  abdomen  proper  is  bounded,  in  front  and  at  the  sides^  by  the 
lower  ribs,  the  abdominal  muscles,  and  the  venter  ilii ;  beJiind,  by  the  vertebral 
column  and  the  Psoas  and  Quadratus  lumborum  muscles;  above^  by  the  Dia- 
phragm ;  below,  by  the  brim  of  the  pelvis.  The  muscles  forming  the  boundaries 
of  the  cavity  are  lined  upon  their  inner  surface  by  a  layer  of  fascia,  differently 
named  according  to  the  part  which  it  covers. 

The  abdomen  contains  the  greater  part  of  the  alimentary  canal ;  some  of  the 
accessory  organs  to  digestion — viz.  the  liver,  pancreas,  and  spleen ;  and  the  kid- 
neys and  suprarenal  capsules.  Most  of  these  structures,  as  well  as  the  wall  of 
the  cavity  in  which  they  are  contained,  are  covered  by  an  extensive  and  compli- 
cated serous  membrane,  the  peritoneum. 

The  apertures  found  in  the  walls  of  the  abdomen  for  the  transmission  of  struc- 
tures to  or  from  it  are — the  umbilicus,  for  the  transmission  (in  the  foetus)  of  the 
umbilical  vessels ;  the  eaval  opening  in  the  Diaphragm,  for  the  transmission  of 
the  inferior  vena  cava ;  the  aortic  opening,  for  the  passage  of  the  aorta,  vena 
azygos,  and  thoracic  duct ;  and  the  oesophageal  opening,  for  the  oesophagus  and 
pneumogastric  nerves.  Below,  there  are  two  apertures  on  each  side,  one  for  the 
passage  of  the  femoral  vessels,  and  the  other  for  the  transmission  of  the  spermatic 
cord  in  the  male  and  the  round  ligament  in  the  female. 

Begions. — For  convenience  of  description  of  the  viscera,  as  well  as  of  reference 
to  the  morbid  condition  of  the  contained  parts,  the  abdomen  is  artificially  divided 
into  nine  regions.  Thus,  if  two  circular  lines  are  drawn  round  the  body,  the  one 
through  the  extremities  of  the  ninth  ribs  where  they  join  their  costal  cartilages, 
and  the  other  through  the  highest  point  of  the  crests  of  the  ilia,  the  abdominal 
cavity  is  divided  into  three  zones — an  upper,  a  middle,  and  a  lower.  If  two  par- 
allel lines  are  drawn  perpendicularly  upward  from  the  centre  of  Poupart's  liga- 
ment, each  of  these  zones  is  subdivided  into  three  parts — a  middle  and  two 
lateral. 

The  middle  region  of  the  upper  zone  is  called  xh^  epigastric  {ini,  oyer  \  yaarijp, 
the  stomach) ;  and  the  two  lateral  regions,  the  right  and  left  hypochondriac  {1)7:6, 
under ;  j[6p8poc,  the  cartilages).  The  central  region  of  the  middle  zone  is  the 
umbilical,  and  the  two  lateral  regions,  the  right  and  left  lumbar.  The  middle 
region  of  the  lower  zone  is  the  hypogastric  or  pubic  region,  and  the  lateral  regions 
are  the  right  and  left  inguinal  or  iliac.  The  viscera  contained  in  these  different 
regions  are  the  following  (Fig.  622) : 

Bight  Hypochondriac.  Epigastric  Begion.  Left  Hypochondriac, 

The  right  lobe  of  the         The  pyloric  end  of  the  The  splenic  end  of  the 

liver  and  the  gall-bladder,     stomach,  left  lobe  of  the  stomach,   the  spleen  and 

hepatic    flexure    of    the     liver,  and  lobulus  Spigelii,  extremity  of  the  pancreas, 

colon,    and    part    of    the     the  pancreas,  the  duode-  the  splenic  flexure  of  the 

right  kidney.                          num,  parts  of  the  kidneys  colon,  and  part  of  the  left 

and  the   suprarenal  cap-  kidney. 

sules. 
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Right  Lumbar. 

Ascending  colon,  part 

of  the  right  kidney,  and 

Home  convolutions  of  the 

Hmall  intestines. 


Right  Inguinal  (Jliac). 
The  cfecum,   appendix 


Umbilical  Region. 
The  transverse  colon, 
part  of  the  great  omentum 
and  mesentery,  transverse 
part  of  the  duodenum,  and 
Bome  convolutions  of  the 
jejunum  and  Ileum,  and 
part  of  both  kidneys. 

Hypogastric  Region. 

Convolutions  of  the 
small  intestines,  the  blad- 
der in  children,  and  in 
adults  if  distended,  and  the 
uterus  during  pregnancy. 


Left  Lumbar. 
Descending  colon,  part 
of  the  omentum,  part  of 
the  left  kidney,  and  some 
convolutions  of  the  small 
intestines. 


Left  Inguinal  {Iliac). 
Sigmoid  flexure  of  the 
colon. 


Fiti.  522.— Tbe  regloiu  of  the  abdomen  ai 


It  coDtenti.    <Edge  of  coaUl  eartllKgiei  tn  dotted  oulUoe.) 


TEE  PEBITOMEUU. 

The  perltoaeum  {pEpiTuvtcv,  to  extend  around)  is  a-  serous  memhrnne,  and 
partially  invests  all  the  viscera  contained  in  the  abdominal  and  pelvic  cavities.  In 
consequence  of  the  number  and  diff'erent  shapes  of  these  viscera  the  reflections  of 
the  peritoneum,  as  it  invests  them,  are  exceedingly  complex  and  difficult  to 
understand. 

The  peritoneum  partially  invests  all  the  viscera  contained  in  the  abdomintil 
and  pelvic  cavities,  forming  the  visceral  laver  of  the  membrane ;  it  is  then  reflected 
upon  the  internal  surface  of  the  parietes  of  those  cavities,  forming  the   parietal 
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layer.  The  free  surface  of  the  peritoneum  is  smooth,  moist,  and  covered  by  a 
layer  of  flattened  endothelial  cells  ;  its  attacked  surface  is  rough,  being  connected 
to  the  viscera  and  inner  surface  of  the  parietes  by  means  of  areolar  tissue  called 
the  subserous  areolar  tissue.  The  parietal  portion  is  loosely  connected  with  the 
fascia  lining  the  abdomen  and  pelvis,  but  more  closely  to  the  under  surface  of  the 
Diaphragm  and  in  the  middle  line  of  the  abdomen. 

In  order  to  get  a  first  general  idea  of  the  peritoneum  and  its  reflections  the 
student  should  bear  in  mind  that  all  the  abdominal  and  pelvic  viscera  are  placed 
external  to  it,  and  that  it  is  a  shut  sac  superimposed  upon  the  viscera.' 

Let  the  student  imagine  that  all  the  viscera  are  in  their  proper  positions  in 
the  abdominal  cavity,  but  uninvested  by  peritoneum.     Upon  the  top  of  them  is 


FiQ,  &2S.— The  reflections  of  the  peiitoneum,  as  seen  !□  a  ventcal  eecllon  of  tbe  abdomen. 

placed  a  large  closed  sac,  the  walls  of  which  are  of  extreme  thinness,  and  wherever 
there  is  a  cleft  between  two  viscera  a  process  of  peritoneum  derived  from  the  part 
of  the  sac  in  contact  with  the  viscera  is  tucked  in  between  theip,  so  as  to  cover  the 
adjacent  surfaces  of  the  two  viscera  and  separate  them  from  each  other,  and  at 
the  same  time,  by  becoming  adherent  to  the  viscera,  form  an  investment  for  them. 
Thus  in  Fig.  523  such  a  diverticulum  or  process  may  be  seen  tucked  in  between 
the  under  surface  of  the  liver  and  the  upper  surface  of  the  stomach,  and.  extending 
between  the  two  as  far  backward  as  the  portal  vein,  hepatic  artery,  and  hepatic 
duct,  which  it  covers  on  their  anterior  surfaces,  forming  the  anterior  layer  of  what 
18  termed  the  lesser  omentum. 

Another  diverticulum  or  process  is  tucked  in  round  the  hepatic  artery  as  it 
passes  forward  and   upward  to  the   liver,  and  afterward  expands  into  a   large 
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sac  or  bag,  which  covers  the  posterior  surface  of  the  liver  and  stomach  and 
the  upper  part  of  the  posterior  wall  of  the  abdomen,  separating  these  structures 
from  each  other.  This  large  cul-de-aac  of  peritoneum  is  called  the  lesser  cavity 
of  the  peritoneum  J  but  is  only  a  part  of  the  general  cavity,  differentiated  from  it  by 
the  constriction  produced  at  the  situation  of  the  hepatic  artery.  In  this  respect 
the  peritoneum  may  be  compared  to  an  hour-glass  with  two  unequal  globes,  the 
smaller  one  constituting  the  lesser  cavity  of  the  peritoneum,  the  larger  one  the 
greater  cavity,  and  the  constriction  where  the  two  globes  communicate  corre- 
sponding to  the  constriction  in  the  peritoneum  where  it  hooks  round  the  hepatic 
artery.     This  constriction  is  called  the  foramen  of  Winslow. 

Between  the  transverse  fissure  and  the  fissure  of  the  ductus  venosus  of  the 
liver  and  the  lesser  curvature  of  the  stomach  there  is  thus  a  double  layer  of  peri- 
toneum, the  anterior  layer  being  part  of  the  greater  sac  where  it  is  tucked  in 
between  the  liver  and  the  stomach  from  the  front,  while  the  posterior  layer  is 
part  of  the  lesser  sac  where  it  is  tucked  in  around  the  hepatic  artery.  These  two 
layers  constitute  the  lesser  omentum.  Between  the  two  layers  are  situated  the 
hepatic  artery,  the  portal  vein,  and  the  hepatic  duct. 

A  process  of  this  lesser  bag  of  the  peritoneum  is  pushed  backward  and  upward 
behind  the  liver  (extending  as  far  as  the  under  surface  of  the  Diaphragm),  a  por- 
tion of  the  posterior  surface  (Spigelian  lobule)  of  which  it  covers.  At  its  extremity 
this  process  is  in  contact  with  the  greater  bag  of  the  peritoneum,  which  is  pushed 
in  from  the  front,  between  the  upper  surface  of  the  liver  and  the  under  surface  of 
the  Diaphragm.  Where  these  two  layers  are  in  contact  (passing  down  from  the 
Diaphragm  to  the  liver)  they  form  a  part  of  the  coronary  ligaments  of  the  liver, 
thus  supporting  and  holding  it.  Another  process  of  this  lesser  bag  is  pushed 
downward  betiveen  the  stomach  and  the  transverse  colon,  and  forms  the  two  inner 
of  the  four  layers  of  the  great  omentum.  Thus  the  lesser  cavity  of  the  perito- 
neum is  seen  to  be  a  complete  sac,  separating  the  posterior  surface  of  the  liver, 
the  posterior  wall  of  the  stomach,  and  the  upper  surface  of  the  transverse  colon 
from  the  back  part  of  the  under  surface  of  the  Diaphragm  and  the  upper  part  of 
the  posterior  wall  of  the  abdomen. 

The  greater  cavity  of  the  peritoneum  separates  the  anterior  surfaces  of  the 
viscera  from  the  front  wall  of  the  abdomen ;  so  that  in  our  comparison  of  the  two 
cavities  to  an  hour-glass  it  must  be  borne  in  mind  that  they  are  not  in  the  same 
straight  line  as  the  two  globes  of  the  hour-glass,  but  that  at  the  point  of  constriction 
the  smaller  cavity  is  bent  round  the  hepatic  artery,  so  as  to  lie  behind  the  greater 
cavity. 

The  greater  sac  of  the  peritoneum  is  placed  in  front  of  the  viscera,  one  layer 
being  in  contact  with  them,  the  other  lining  the  inner  surface  of  the  anterior  wall 
of  the  abdomen.  The  layer  which  is  in  relation  with  the  viscera  sends  backward 
diverticula  which  pass  between  the  various  organs,  and  in  certain  places  comes  in 
contact  with  the  peritoneum  forming  the  lesser  bag,  in  the  manner  described  above. 
Thus  we  have  one  of  these  diverticula  sent  backward  between  the  liver  and  Dia- 
phragm, covering  the  anterior  part  of  the  under  surface  of  the  Diaphragm,  until 
it  meets  the  peritoneum  of  the  lesser  cavity,  and  covering  the  upper  surface  of  the 
liver  as  far  backward  as  the  ligaments.  The  extremity  of  this  diverticulum  is  in 
contact  with  a  similar  diverticulum  of  the  lesser  bag,  already  described,  and  the 
two  layers,  when  in  apposition,  form  part  of  the  coronary  ligaments  of  the  liver. 
Another  process,  which  has  already  been  mentioned,  lies  between  the  under  sur- 
face of  the  liver  and  the  stomach,  and  meets  a  similar  process  of  the  lesser  cavity 
prolonged  from  above  downward.  Where  the  two  are  in  apposition  the  lesser  or 
gastro-hepatic  omentum  is  formed.  A  third  diverticulum  is  carried  backward  to 
the  posterior  wall  of  the  abdomen  between  the  transverse  colon  and  the  small 
intestine.  This  prolongation  covers  the  under  surface  of  the  transverse  colon, 
and  forms  the  under  layer  of  the  transverse  meso-colon,  which  by  its  extremity 
is  in  contact  with  the  posterior  wall  of  the  abdomen.  Traced  downward,  the 
peritoneum  covers  a  part  of  the  abdominal  aorta  and  forms  the  two  layers  of  the 
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mesentery.  Between  the  greater  curvature  of  the  stomach  and  the  tranaverse 
colon  there  is  a  fold  or  reduplication  of  the  peritoneum,  which  contains  hetween 
its  layers  a  similar  fold  from  the  lesser  cavity,  and  forms  the  apron  or  great  omen- 
tuna.  Other  folds  of  the  greater  bag  of  the  peritoneum  are  pushed  backward  to 
ihe  spine  on  each  side  of  the  small  intestines,  and  between  the  pelvic  viscera. 
On  each  side  of  and  below  the  mesentery  the  peritoneum  covers  a  considerable 
portion  of  the  lower  part  of  the  abdominal  wall,  and  passes  over  the  sacro-verte- 
bral  angle  into  the  pelvis.  Below,  where  it  covers  the  upper  part  of  the  pelvic 
viscera,  it  sends  diverticula  downward  hetween  them,  separating  them  from  one 
another;  thus  one  is  sent  downward  hetween  Ihe  rectum  and  the  bladder,  and  in 
the  female  one  is  sent  down  between  the  rectum  and  uterus,  and  another  between 
the  uterus  and  bladder.  These,  then,  are  the  various  diverticula  sent  off  from  the 
posterior  layer  of  the  greater  bag  of  the  peritoneum ;  the  anterior  layer  simply 
lines  the  anterior  wall  of  the  abdomea,  and  is  continuous  at  its  extremities  witn 
the  posterior  layer. 

The  student  will  perhaps  be  better  able  to  follow  these  various  folds  or  reflections 
of  the  peritoneum  by  a  reference  to  the  accompanying  plan  (Fig.  524),  which  should 


Fio.  a24.— Pl&n  of  the  perUoneum. 

bestudiedin  conjunction  with  Fig.  523.  He  must  not  forget,  however,  that  though 
the  lesser  and  greater  cavities  of  Ihe  peritoneum  are  here  represented,  for  the  sake 
of  clearness,  as  quite  distinct  from  each  other,  they  are  not  really  so,  hut  that  they 
both  form  part  of  one  great  cavity. 

The  reflections  of  the  peritoneum  may  be  traced  in  two  different  ways,  either 
by  considering  the  folds  which  form  each  cavity  separately  or  by  describing  them 
logether. 

According  to  the  first  plan  (Fig.  528),  the  liver  should  be  raised  and  supported 
in  that  positipn,  and  the  stomach  should  be  depressed,  when  a  thin  membranous 
layer  is  seen  passing  from  the  transverse  fis.fure  and  fissure  of  the  ductus  venosus 
of  the  liver  to  the  upper  border  of  the  stomach  ;  this  is  the  letter  or  gastro-hepatic 
omentum.     It  consists  of  two  delicate   layers  of  peritoneum,  an  anterior  and  a 
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posterior,  between  which  are  contained  the  hepatic  vessels  and  nerves.     Of  these 
two  layers,  the  anterior  should  first  be  traced,  and  then  the  posterior. 

The  anterior  layer  descends  to  the  lesser  curvature  of  the  stomach,  and  covers 
its  anterior  surface  as  far  as  the  great  curvature :  it  descends  for  some  distance  in 
front  of  the  small  intestines,  and,  returning  upon  itself  to  the  transverse  colon, 
forms  the  external  layer  of  the  great  omentum  ;  it  then  covers  the  under  surface 
of  the  transverse  colon,  and,  passing  to  the  back  part  of  the  abdominal  cavity, 
forms  the  inferior  layer  of  the  transverse  meso-colon.  It  then  descends  in  front  of 
the  duodenum,  the  aorta,  and  vena  cava,  as  far  as  the  superior  mesenteric  artery, 
along  which  it  passes  to  invest  the  small  intestines,  and,  returning  to  the  vertebral 
column,  forms  the  mesentery  ;  whilst  on  either  side  it  covers  the  ascending  and 
descending  colon,  and  is  thus  continuous  with  the  peritoneum  lining  the  walls  of 
the  abdomen.  From  the  root  of  the  mesentery  it  descends  along  the  front  of  the 
spine  into  the  pelvis,  and  surrounds  the  upper  part  of  the  rectum,  which  it  holds  in 
its  position  by  means  of  a  distinct  fold,  the  meso-rectum.  Its  course  in  the  male 
and  female  now  differs. 

In  the  male  it  forms  a  fold  between  the  rectum  and  bladder,  the  recto-vesical 
fold^  and  ascends  over  the  posterior  surface  of  the  latter  organ  as  far  as  its 
summit. 

In  the  female  it  descends  into  the  pelvis  in  front  of  the  rectum,  forms  a  fold 
between  the  rectum  and  vagina,  the  recto-vaginal  fold  (pouch  of  Douglas),  covers 
a  small  part  of  the  posterior  wall  of  the  vagina,  and  passes  on  to  the  uterus,  the 
fundus  and  body  of  which  it  covers.  From  the  sides  of  the  uterus  it  is  reflected 
to  the  wall  of  the  pelvis,  forming  the  broad  ligaments,  and  from  the  anterior 
surface  of  the  uterus  it  ascends  upon  the  posterior  wall  of  the  bladder  as  far  as  its 
summit. 

From  this  point  it  may  be  traced,  as  in  the  male,  ascending  upon  the  anterior 
parietes  of  the  abdomen,  to  the  under  surface  of  the  Diaphragm,  from  which  it  is 
reflected  upon  the  liver,  forming  the  upper  layer  of  the  coronary,  and  the  lateral 
and  longitudinal  ligaments.  It  then  covers  the  upper  and  under  surfaces  of  the 
liver,  and  at  the  transverse  fissure  becomes  continuous  with  the  anterior  layer  of 
the  lesser  omentum,  the  point  whence  its  reflection  was  originally  traced. 

The  posterior  layer  of  the  lesser  omentum  descends  to  the  lesser  curvature  of 
the  stomach,  and  covers  its  posterior  surface  as  far  as  the  great  curvature ;  it  then 
descends  for  some  distance  in  front  of  the  small  intestines,  and,  returning  upon 
itself  to  the  transverse  colon,  forms  the  internal  layer  of  the  great  omentum ;  it 
covers  the  upper  surface  of  the  transverse  colon,  and,  passing  backward  to  the 
spine,  forms  the  upper  layer  of  the  transverse  meso-colon.  Ascending  in  front  of 
the  pancreas  and  crura  of  the  Diaphragm,  it  lines  the  back  part  of  the  under  surface 
of  that  muscle,  from  which  it  is  reflected  on  to  the  Spigelian  lobule  of  the  liver, 
forming  part  of  the  coronary  ligament.  From  the  Spigelian  lobule  it  may  be 
traced  below  to  the  transverse  fissure,  and,  to  the  left,  to  the  fissure  of  the  ductus 
venosus;  it  is  now  continuous  with  the  posterior  layer  of  the  lesser  omen- 
tum. 

The  space  included  in  the  reflections  of  this  layer  of  the  peritoneum  is  called 
the  lesser  cavity  of  the  peritoneum^  or  cavity  of  the  great  omentum.  It  is  bounded, 
in  fronts  by  the  lesser  omentum,  the  stomach,  and  the  descending  part  of  the  great 
omentum  ;  behind^  by  the  ascending  part  of  the  great  omentum,  the  transverse 
colon,  transverse  meso-colon,  and  its  ascending  layer;  above^  by  the  liver ;  and 
below,  by  the  folding  of  the  great  omentum.  This  space  communicates  with  the 
general  peritoneal  cavity  through  the  foramen  of  Winslow,  which  is  situated  behind 
the  right  or  free  border  of  the  lesser  omentum. 

In  order  to  trace  the  two  layers  together,  we  commence  at  the  top  of  the 
abdominal  cavity  ;  that  is  to  say,  the  under  surface  of  the  Diaphragm.  This  muscle 
is  covered  throughout  the  greater  part  of  its  extent  by  peritoneum,  one  layer 
extending  from  its  anterior  border  backward,  the  other  from  below  upward. 
Where  the  two  layers  meet   thcv   are   reflected   downward   to  the   liver  form- 
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ing  a  part  of  the  coronary  ligaments  of  this  organ.  When  these  two  layers 
reach  the  liver,  they  again  separate  to  enclose  this  viscus,  the  one  passing  in  n-ont 
and  the  other  behind,  and  they  meet  again  on  its  under  surface  at  the  transverse 
fissure.  From  this  fissure  they  turn  downward  to  the  lesser  curvature  of  the 
stomach,  forming  the  gastro-hepatic  or  lesser  omentum,  and  enclosing  the  hepatic 
artery,  the  portal  vein,  and  the  hepatic  duct,  which  are  contained  between  the  two 
folds  in  this  situation.  From  the  lesser  curvature  of  the  stomach  the  two  layers 
pass  over  the  anterior  and  posterior  surfaces  of  the  viscus,  enclosing  it  and  meet- 
ing again  at  the  greater  curvature.  From  this  point  they  pass  down  in  front  of 
the  small  intestines,  between  this  tube  and  the  abdominal  wall,  and  are  reflected 
on  themselves,  passing  upward  to  the  transverse  colon,  and  forming  the  apron  or 
great  omentum.  This  reflection,  therefore,  consists  o(four  layers  of  peritoneum. 
When  the  two  posterior  layers  of  the  great  omentum,  in  their  reflection  upward, 
reach  the  transverse  colon,  they  separate  to  enclose  this  portion  of  the  intestinal 
tube,  the  one  layer  passing  above  it  and  the  other  below.  They  meet  on  its  pos- 
terior surface  and  pass  backward  to  the  vertebral  column,  forming  what  is  called 
the  tranttverse  meso-colon.  At  this  point  the  two  layers  separate.  The  one  which 
formed  the  upper  surface  of  the  transverse  meso-colon,  and  which  belongs  to  the 
lesser  cavity,  passes  upward  in  front  of  the  pancreas  and  crura  of  the  Diaphragm 
to  the  back  part  of  the  under  surface  of  the  Diaphragm,  the  point  from  which  the 
description  of  this  layer  was  commenced.  The  other,  which  formed  the  inferior 
layer  of  the  transverse  meso-colon,  turns  downward  in  front  of  the  duodenum,  aorta, 
and  inferior  vena  cava,  and  can  be  traced,  as  a  single  layer,  in  the  manner  above 
described,  investing  the  small  intestines  and  forming  the  mesentery ;  then  passing 
over  the  sacro-vertebral  angle  into  the  pelvis,  the  viscera  of  which  it  partially 
invests,  and  finally  over  the  posterior  surface  of  the  front  wall  of  the  abdomen  to 
the  under  surface  of  the  Diaphragm,  the  point  from  which  the  description  of  this 
layer  was  commenced. 

In  addition  to  tracing  the  peritoneum  vertically,  as  has  now  been  done,  it  is 
necessary  to  trace  it  horizontally.  If  this  is  done  below  the  transverse  colon,  the 
circle  is  extremely  simple,  as  it  includes  only  the  greater  bag  of  the  peritoneum 
(Fig. '523).  Above  the  level  of  the  transverse  colon  the  arrangement  is  more  com- 
plicated, on  account  of  the  existence  of  two  sacs. 

Starting  from  the  linea  alba,  below  the  level  of  the  transverse  colon,  and  tra- 
cing the  continuity  in  a  horizontal  direction  to  the  right,  we  find  the  peritoneum 
covering  the  internal  surface  of  the  abdominal  wall  almost  as  far  as  the  anterior 
border  of  the  Quadratus  lumborum  muscle ;  it  encloses  the  caecum,  forming  the 
meso-csecum,  and  is  reflected  over  the  sides  and  anterior  surface  of  the  ascending 
colon,  fixing  it  to  the  abdominal  wall,  thus  forming  the  meso-caecum  and  the 
ascending  meso-colon,  from  which  it  can  be  traced  over  the  kidney  to  the  front  of 
the  bodies  of  the  vertebrae.  It  then  passes  along  the  mesenteric  vessels  to  invest 
the  small  intestines,  and  back  again  to  the  spine,  forming  the  mesentery,  between 
the  layers  of  which  are  contained  the  blood-vessels,  nerves,  lacteals,  and  glands. 
Lastly,  it  passes  over  the  left  kidney  to  the  sides  and  anterior  surface  of  the 
descending  colon,  and,  reaching  the  abdominal  wall,  it  passes  along  it  to  the  mid- 
dle line  of  the  abdomen. 

Above  the  transverse  colon  (Fig.  525)  the  peritoneum  can  be  traced,  forming 
the  greater  and  lesser  cavities,  andf  their  communication  through  the  foramen  of 
Winslow  Can  be  demonstrated.  Commencing  in  the  middle  line  of  the  abdomen 
the  membrane  may  be  traced  lining  its  anterior  wall,  and  on  the  right  side  sending 
a  process  backward  to  encircle  the  obliterated  umbilical  vein  (the  round  ligament 
of  the  liver),  forming  the  falciform  or  longitudinal  ligament  of  the  liver.  Con- 
tinuing its  course  to  the  right,  it  is  reflected  over  the  front  of  the  upper  part  of  the 
right  kidney,  across  the  vena  cava  inferior  and  aorta,  and  over  the  left  kidney  to 
the  hilum  of  the  spleen.  From  this  point  it  is  reflected  on  to  the  posterior  surface 
of  the  stomach,  which  it  covers,  and  from  its  right  extremity  it  passes  around  the 
vessels  passing  to  the  transverse  fissure  of  the  liver,  and  back  again  to  the  stomach 
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Ks  the  leaser  omentum,  aDd  thus  it  forms  the  anterior  boundary  of  the  foramen 
of  Winslow.  It  now  covers  the  front  of  the  stomach,  and  upon  reaching  ibe 
cardiac  extremity  it  passes  to  the  spleen,  which  it  encloses,  forming  the  gastro- 
splenic  omentum.  From  the  hilum  of  the  spleen  it  turns  backward  to  reach  the 
abdominal  wall,  ^looK  which  it  courses  to  reach  the  median  line  of  the  abdomen. 
'i)i&  foramen  of  fl^tns^ow  is  bounded,  in /ront,  by  the  lesser  omentum,  enclosing 

HefoUc  artery, 
Later  portal  vnn  Round  (ifraiMTit 


Fio.  S2S.— Tranavene  BeclloD  of  perfloneum.    (AnamtH  hu  been  Introduced  IntothefCirBtDenof  Wlnslo«.1 

the  vena  portse  and  the  hepatic  artery  and  duct ;  hehind,  by  the  inferior  vena  cava ; 
above,  by  the  iobulus  Spigelii  and  lobulus  caudatus;  below,  by  the  hepatic  artery 
curving  forward  from  the  cceliac  axis. 

The  reflections  of  the  peritoneum  over  the  transverse  colon  are  somewhat 
differently  described  by  some  authors  (Luschka,  Holden),  and  there  is  no  doubt,  as 
was  long  ago  pointed  out  by  Haller,  that  the  arrangement  in  the  foetus  is  different 
from  that  which  has  been  described  above.  In  the  foetus,  and  even  in  the  young 
child,  the  two  ascending  layers  of  the  great  omentum  can  be  traced  passing  together 
over  the  transverse  colon,  instead  of  embracing  it,  as  described  above,  and  passing 
back  to  the  spine  as  a  double  fold,  which  can  be  separated  from  the  transverse  colon 
and  traBBverse  meso-colon.  Upon  reaching  the  spine  the  two  layers  separate  :  the 
upper  one  (the  inner  of  the  two  ascending  layers  of  the  great  omentum)  passes 
upward  in  front  of  the  pancreas  and  crura  of  tne  Diaphragm,  forming  the  posterior 
boundary  of  the  lesser  bag  of  the  peritoneum,  in  a  similar  manner  to  the  upper 
layer  of  the  transverse  meso-colon  in  the  former  description.  The  other  fold  (the 
outer  of  the  ascending  layer  of  the  great  omentum)  after  reaching  the  spine  is 
turned  forward  again  an  itself  as  far  as  the  transverse  colon,  which  it  covers,  and 
is  again  reflected  back  to  the  spine,  to  pass  down  in  front  of  the  aorta  to  form  (he 
mesentery,  in  a  similar  manner  to  the  lower  layer  of  the  transverse  meso-colon  in 
the  former  description.  Thus  the  transverse  colon  is  invested  by  a  distinct  fold 
of  peritoneum,  prolonged  forward  from  the  spine  to  surround  it,  in  a  very  similar 
manner  to  the  way  in  which  the  small  intestines  are  surrounded. 

In  the  adult,  however,  as  a  rule,  this  arrangement  disappears.  Probably 
adhesion  of  the  layers  of  which  the  fcetal  duplication  is  composed  takes  place,  and 
then  absorption,  and  thus  the  arrangement  is  brought  about  which  has  been 
described  above  as  most  frequently  seen  in  the  adult  subject.  It  may  be  that  the 
foetal  duplicature  is  "  drawn  or  pushed  forward  from  its  place  in  the  progress  of 
visceral  development,  and  thus  effaced."  ' 

Viicera  covered  by  Peritoneum. — The  viscera  thus  shown  to  be  almost  entirely 
'  Quain's  Anatomy,  vol.  ii.  p.  485,  8th  ed. 
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invested  by  peritoneum  are,  the  liver,  stomach,  spleen,  first  portion  of  the  duodenum, 
the  jejunum  and  ileum,  the  transverse  colon,  the  caecum,  sigmoid  flexure,  upper 
half  of  the  rectum,  the  uterus,  and  ovaries. 

Viscera  Partially  covered  by  Peritoneum. — The  viscera  only  partially  invested 
by  peritoneum  are — the  descending  and  transverse  portions  of  the  duodenum,  the 
ascending  and  descending  colon,  the  middle  portion  of  the  rectum,  and  the  upper 
part  of  the  vagina  and  posterior  wall  of  the  bladder.  The  kidneys,  suprarenal 
capsules,  and  pancreas  are  covered  by  the  membrane  without  receiving  any  special 
investment  from  it. 

Viscera  uncovered  by  Peritoneum. — The  lower  end  of  the  rectum,  the  neck,  base, 
and  anterior  surface  of  the  bladder,  the  whole  of  the  front,  and  the  lower  part  of 
the  posterior  wall  of  the  vagina  have  no  peritoneal  covering. 

Numerous  folds  are  formed  by  the  peritoneum,  extending  between  the  various 
organs.  These  serve  to  hold  them  in  position,  and  at  the  same  time  enclose  the 
vessels  and  nerves  proceeding  to  each  part.  Some  of  the  folds  are  called  ligaments^ 
from  their  serving  to  support  the  organs  in  position  ;  others,  which  connect  certain 
parts  of  the  intestine  with  the  abdominal  wall,  constitute  the  mesenteries ;  and 
lastly,  those  which  proceed  from  the  stomach  to  certain  viscera  in  its  neighborhood 
are  called  omenta. 

The  Ligaments,  formed  by  folds  of  the  peritoneum,  include  those  of  the  liver, 
spleen,  bladder,  and  uterus.  They  will  be  found  described  with  their  respective 
organs. 

The  Omenta  are — the  lesser  omentum,  the  great  omentum,  and  the  gastro-splenic 
omentum. 

The  lesser  omentum  (gastro-hepatic)  is  the  dupHcature  which  extends  between 
the  transverse  fissure  and  the  fissure  of  the  ductus  venosus  of  the  liver  and  the 
lesser  curvature  of  the  stomach.  It  is  extremely  thin,  and  consists  of  two  layers 
of  peritoneum.  To  the  left  its  two  layers  pass  on  to  the  end  of  the  oesophagus ; 
but  at  the  right  they  are  continuous  and  form  a  free  rounded  margin,  and  con- 
tain between  them  the  hepatic  artery,  the  common  bile-duct,  the  portal  vein, 
lymphatics,  and  the  hepatic  plexus  of  nerves, — all  these  structures  being  enclosed 
in  loose  areolar  tissue,  called  Grlissons  capsule.  Between  the  layers  where  they 
are  attached  to  the  stomach  lie  the  gastric  artery  and  the  pyloric  branch  of  the 
hepatic,  anastomosing  with  it. 

The  great  omentum  (gastro-colic)  is  the  largest  peritoneal  fold.  It  consists  of 
four  layers  of  peritoneum,  two  of  which  descend  from  the  stomach,  one  from  its 
anterior,  the  other  from  its  posterior  surface,  and,  uniting  at  its  lower  border, 
descend  in  front  of  the  small  intestines  as  low  down  as  the  pelvis ;  they  then  turn 
upon  themselves,  and  ascend  again  as  far  as  the  transverse  colon,  where  they 
separate  and  enclose  that  part  of  the  intestine.  These  separate  layers  may  be 
easily  demonstrated  in  the  young  subject,  but  in  the  adult  they  are  more  or  less 
inseparably  blended.  The  left  border  of  the  great  omentum  is  continuous  with  the 
gastro-splenic  omentum ;  its  right  border  extends  as  far  only  as  the  duodenum. 
The  great  omentum  is  usually  thin,  presents  a  cribriform  appearance,  and  always 
contains  some  adipose  tissue,  which  in  fat  subjects  accumulates  in  considerable 
quantity.  Its  use  appears  to  be  to  protect  the  intestines  from  the  cold  and  to 
facilitate  their  movement  upon  each  other  during  their  vermicular  action.  Between 
its  two  anterior  layers  is  the  anastomosis  between  the  right  and  left  gastro-epiploica 
arteries. 

The  gastro-splenic  omentum  is  the  fold  which  connects  the  concave  surface  of 
the  spleen  to  the  cul-de-sac  of  the  stomach,  being  continuous  by  its  lower  border 
with  the  great  omentum.     It  contains  the  splenic  vessels  and  vasa  brevia. 

The  Mesenteries  are — the  mesentery  proper,  the  meso-caecum,  the  ascending, 
transverse,  and  descending  meso-colon,  the  sigmoid  meso-colon,  and  the  meso- 
rectum. 

The  mesentery  (fiiaov,  ivztpov)^  so  called  from  being  connected  to  the  middle  of 
the  cylinder  of  the  small  intestine,  is  the  broad  fold  of  peritoneum  which  connects 
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the  convolutions  of  the  jejuniira  and  ileum  with  the  posterior  wall  of  the  ahdomen. 
Its  root,  the  part  connected  with  the  vertebral  column,  is  narrow,  about  six  inches 
in  length,  and  directed  obliquely  from  the  left  side  of  the  second  lumbar  vertebra 
to  the  right  sacro-iliac  srmphysis  (Fig.  526).  Its  intestinal  border  is  much  longer. 
and  here  its  two  layers  separate,  so  as  to  enclose  the  intestine  and  fonn  its  peri- 
toneal coat.  Its  breadth  between  its  vertebral  and  intestinal  border  is  about  four 
inches.     Its  upper  border  is  continuous  with  the  under  surface  of  the  transverse 


Fig.  5211. —Dlt^rHm  devised  by  Dr.  BeUpine  Ui  show  the  lloes  along  which  the  perllODeum  leaves  the  wall 
or  thu  abdomen  tu  Invesl  the  vlBOvra. 

meso-eolon;  its  lower  border,  with  the  peritoneum,  covering  the  ceecum  and 
ascending  colon.  It  serves  to  retain  the  small  intestines  in  their  position,  and 
contains  between  its  layers  the  mesenteric  vessels  and  nerves,  the  lacteal  vessels, 
and  mesenteric  glands. 

The  mego-cu'cum  serves  to  connect  the  back  part  of  the  caecum  with  the  pos- 
terior wall  of  the  abdomen,  being  continuous  with  the  ascending  meso-^olon. 

The  ageeniUng  meso-colon  is  the  fold  which  connects  the  back  part  of  the 
ascending  colon  with  the  posterior  wall  of  the  abdomen,  and  the  dexcendutg  meso- 
colon  retains  the  descending  colon  in  connection  with  the  posterior  abdominal 
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wall ;  more  frequently  the  peritoneum  merely  covers  the  anterior  surface  and  sides 
of  these  two  portions  of  the  intestine.  At  the  place  where  the  transverse  colon 
turns  downward  to  form  the  descending  colon,  a  fold  of  peritoneum  is  continued 
upward  to  the  under  surface  of  the  Diaphragm  opposite  the  tenth  and  eleventh 
ribs.  This  is  the  costo-colic  ligament ;  it  passes  below  the  spleen,  and  serves  to 
support  this  organ  and  prevent  it  moving. 

The  transverse  meso-colon  is  a  broad  fold  which  connects  the  transverse  colon 
to  the  posterior  wall  of  the  abdomen.  It  is  formed  by  the  two  ascending  layers 
of  the  great  omentum,  which,  after  separating  to  surround  the  transverse  colon, 
join  behind  it,  and  are  continued  backward  to  the  spine,  where  thej'^  diverge  in 
front  of  the  pancreas.  This  fold  contains  between  its  layers  the  vessels  which 
supply  the  transverse  colon. 

Tne  sigmoid  meso-colan  is  the  fold  of  peritoneum  which  retains  the  sigmoid 
flexure  in  connection  with  the  left  iliac  fossa. 

The  meso-rectum  is  the  narrow  fold  which  connects  the  upper  part  of  the  rectum 
with  the  front  of  the  sacrum.     It  contains  the  superior  haemorrhoidal  vessels. 

The  appeyidices  epiploicce  are  small  pouches  of  the  peritoneum  filled  with  fat 
and  situated  along  the  colon  and  upper  part  of  the  rectum.  They  are  chiefly 
appended  to  the  transverse  colon. 

THE  STOMACH. 

The  Stomach  is  the  principal  organ  of  digestion.  It  is  the  most  dilated  part 
of  the  alimentary  canal.  Its  form  is  irregularly  conical,  curved  upon  itself, 
and  presenting  a  rounded  base,  turned  to  the  left  side.  It  is  placed,  in  part, 
immediately  behind  the  anterior  wall  of  the  abdomen,  and,  in  part,  beneath 
the  liver  and  Diaphragm  and  above  the 

transverse   colon.      It  is  placed   almost  „    , 

vertically  in  the  abdomen,  so  that  the  ^'^^"^ ^"-^f  \^J^. 

fundus  which  projects  upward  and  to  the 
left  of  the  oesophageal  opening  touches  Pylorus. 

the  Diaphragm,  while  the  pyloric  or  Lesser  cul-de-aac. 
lesser  extremity  is  directed  downward 
and  to  the  right,  so  that  the  opening  by 
which  the  stomach  communicates  with 
the  small  intestine  is  situated  slightly  to 
the  right  of  the  median  line  of  the  body 
(Fig.  527) :  the  stomach  is  situated,  there-     ^^^-  5'^-»i'^^-'°*tic  outline  of  the  stomach. 

fore,  for  the  most  part,  in  the  left  hypo- 
chondriac region,  the  pyloric  extremity  occupying,  however,  the  epigastric  region. 
Its  size  varies  considerably  in  different  subjects,  and  also  according  to  its  state  of 
distension.  When  moderately  full  its  vertical  diameter  is  about  twelve  inches, 
its  transverse  diameter  about  four.  Its  weight,  according  to  Clendenning,  is 
about  four  ounces  and  a  half.  It  presents  for  examination  two  extremities,  two 
orifices,  two  borders,  and  two  surfaces. 

Its  tipper  extremity  is  called  the  greater  or  splenic  end.  This  is  the  largest 
part  of  the  stomach,  and  extends  two  or  three  inches  to  the  left  of  the  point  of 
entrance  of  the  oesophagus.  This  expanded  part  is  called  the  great  cul-de-sac,  or 
fundus.  It  lies  behind  the  lower  ribs,  in  contact  with  the  Diaphragm,  and  is 
connected  posteriorly  to  the  spleen  by  the  gastro-splenic  omentum. 

The  lesser  or  pyloric  end  is  much  smaller  than  the  fundus,  and  situated  on  a 
plane  anterior  and  inferior  to  it.  It  lies  in  contact  with  the  wall  of  the  abdomen 
and  the  under  surface  of  the  liver.  Its  position  on  the  surface  of  the  body  varies 
with  the  degree  of  distension  of  the  organ.  Near  the  pyloric  end  there  is  a  double 
bend  in  the  stomach,  attended  by  an  appearance  of  constriction.  The  distal  bend 
corresponds  to  the  situation  of  the  pyloric  valve,  and  between  the  two  there  is 
a  bulging  which  is  named  the  lesser  cul-de-sac  or  antrum  pylori. 
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The  (esophageal  or  cardiac  orifice  communicates  with  the  oesophagus ;  it  is 
somewhat  funnel-shaped. 

The  pyloric  orifice  communicates  with  the  duodenum,  the  aperture  being 
guarded  by  a  kind  of  valve — the  pylorus. 

The  lesser  curvature  extends  between  the  oesophageal  and  pyloric  orifices,  along 
the  right  border  of  the  organ,  and  is  connected  to  the  under  surface  of  the  liver 
by  the  lesser  omentum. 

The  ijreater  curvature  extends  between  the  same  two  points,  along  the  left 
border,  and  gives  attachment  to  the  great  omentum.  The  surfaces  of  the  organ 
are  limited  by  these  two  curvatures. 

The  anterior  surface  is  directed  upward  and  forward,  and  is  in  relation  with 
the  Diaphragm,  the  under  surface  of  the  left  lobe  of  the  liver,  and  with  the 
abdominal  parietes. 

The  posterior  surface  is  directed  downward  and  backward,  and  is  in  relation 
with  the  spleen,  the  pancreas,  the  left  kidney  and  suprarenal  capsule,  and  the 
transverse  meso-colon. 

The  stomach  is  held  in  position  by  the  lesser  omentum,  which  extends  from  the 
transverse  fissure  of  the  liver  to  its  lesser  curvature,  and  by  a  fold  of  peritoneum, 
which  passes  from  the  Diaphragm  on  to  the  oesophageal  end  of  the  stomach,  the 
gastro'phrenic  ligament:  this  constitutes  the  most  fixed  point  of  the  stomach, 
whilst  the  pyloric  end  and  greater  curvature  are  the  most  movable  parts.  To 
its  greater  curvature  is  attached  the  great  omentum,  by  which  it  is  connected  to 
the  transverse  colon. 

Alterations  in  Position. — ^Thcre  is  no  organ  in  the  body  the  position  and  connections  of 
which  present  such  frequent  alterations  as  the  stomach.  During  inspiration  it  is  displaced 
downward  by  the  descent  of  the  Diaphragm  and  elevated  by  the  pressure  of  the  abdominal 
muscles  durinc  expiration.  Its  position  in  relation  to  the  surrounding  viscera  is  also  changed 
according  to  tne  empty  or  distended  state  of  the  organ.  When  enipty  it  lies  at  the  Wk  part 
of  the  abdomen,  some  distance  from  the  surface.  The  left-  lobe  of  the  liver  covers  it  in  ironi, 
and  the  under  surface  of  the  heart  rests  upon  it  above  and  in  front,  being  separated  from  it  by 
the  letl  lobe  of  the  liver,  besides  the  Diapnragm  and  pericardium.  Tliis  close  relation  between 
tlie  stomach  and  the  heart  explains  the  fact  that  in  gastralgia  the  pain  is  generally  referred  to 
the  heart,  and  is  oflen  accompanied  by  palpitation  and  intermission  of  the  pulse.  When  the 
stomach  is  dijstendeil  the  greater  curvature  is  elevated  and  carried  forward,  so  that  the  anterior 
surface  is  turned  upward  and  the  posterior  surface  downward,  and  the  stomach  brought  well 
against  tiie  anterior  wall  of  the  abdomen.^  The  Diaphragm  at  the  same  time  is  forced  upward, 
contracting  the  cavity  of  the  chest ;  hence  the  dyspnoea  complained  of,  ;fh)m  inspiration  being 
impeded.  The  heart  is  also  displaced  upward ;  hence  the  oppression  in  this  region  and  the 
pamitation  experien(»ed  in  extreme  distension  of  the  stomach.  Pressure  front  tcithotU,  as  from 
tight  lacing,  pushes  the  stomach  down  toward  the  pelvis.  In  disease  also  the  position  and  con- 
nections of  the  organ  may  be  greatly  changed,  from  the  accumulation  of  fluid  in  the  ch^  or 
abdomen  or  from  alteration  in  size  of*  any  of  the  surrounding  viscera. 

On  looking  into  the  pyloric  end  of  the  stomach  the  mucous  membrane  is  found 
projecting  inward  in  the  form  of  a  circular  fold,  the  pylorus^  leaving  a  narrow  cir- 
cular aperture,  about  half  an  inch  in  diameter,  by  which  the  stomach  communicates 
with  the  duodenum. 

The  pylorus  is  formed  by  a  reduplication  of  the  mucous  membrane  of  the 
stomach,  containing  numerous  muscular  fibres,  which  are  aggregated  into  a  thick 
circular  ring,  the  longitudinal  fibres  and  serous  membrane  being  continued  over 
the  fold  without  assisting  in  its  formation.  The  aperture  is  occasionally  oval. 
Sometimes  the  circular  fold  is  replaced  by  two  crescentic  folds,  placed  one  above 
and  the  other  below  the  pyloric  orifice ;  and  more  rarely  there  is  only  one  cres- 
centic fold. 

Structure. — The  stomach  consists  of  four  coats — serous,  muscular,  areolar,  and 
mucous,  together  with  vessels  and  nerves. 

The  serous  coat  is  derived  from  the  peritoneum,  and  covers  the  entire  sur- 

^  This  is  denied  by  Dr.  Ijesshaft  of  St.  Petersburg,  who  states  that "  if  the  stomach  is  enlai^, 
no  one  part  can  be  alone  displaced,  but  all  parts  are  equally  moved  by  the  distension "  (lxin«d, 
March  11,  1882,  p.  406). 
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face  of  the  organ,  excepting  along  the  greater  and  lesser  curvatures,  at  the 
points  of  attachment  of  the  greater  and  lesser  omenta;  here  the  two  layers  of 
peritoneum  leave  a  small  triangular  space  along  which  the  nutrient  vessels  and 
nerves  pass. 

The  vmgcular  coat  (Fig.   529)  is  situated  immediately  beneath   the  serouB 
covering.     It  consiaO  of  three  seta  of  fibres — longitudinal,  circular  and  oblique. 


The  longitudinal  fibres  are  most  superficial;  they  are  continuous  with  the 
longitudinal  fibres  of  the  cesophagus,  radiating  in  a  Htellate  manner  from  the 
cardiac  orifice.  They  are  most  distinct  along  the  curvatures,  especially  the  lesser, 
but  are  very  thinly  distributed  over  the  surfaces.  At  the  pyloric  end  they  are 
more  thickly  distributed,  and  continuous  with  the  longitudinal  fibres  of  the  small 
intestine. 

The  circular  fibres  form  a  uniform  layer  over  the  whole  extent  of  the  stomach 
beneath  the  longitudinal  fibres.  At  the  pylorus  they  are  most  abundant,  and  are 
aggregated  into  a  circular  ring,  which  projects  into  the  cavity  and  forms,  with  the 
full!  of  mucous  membrane  covering  its  surface,  the  pyloric  valve. 

The  obliqiie  fibres  are  limited  chiefly  to  the  cardiac  end  of  the  stomach,  where 
they  are  disposed  as  a  thick  uniform  layer  covering  both  surfaces,  some  passing 
obliquely  from  left  to  right,  others  from  right  to  left,  round  the  cardiac  end.  They 
are  continuous  with  the  circular  fibres  of  the  oesophagus. 

The  areolar  coat  consists  of  a  loose,  filamentous,  areolar  tissue,  connecting  the 
mucous  and  muscular  layers.  It  is  sometimes  called  the  submucous  coat.  It  sup- 
ports the  blood-vessels  previous  to  their  distribution  to  the  mucous  membrane; 
hence  it  is  sometimes  called  the  vascular  coat. 

The  mucous  membrane  ia  thick,  its  surface  smooth,  soft,  and  velvety.  In  the 
fresh  state  it  is  of  a  pinkish   tinge  at  the  pyloric  end,  and  of  a  red  or  reddish- 
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brown  color  over  the  real  of  its  surface.  In  iofaDcy  it  is  of  a,  brighter  hue,  the 
vascular  redness  being  more  marked.  It  is  thin  at  the  cardiac  extremity-,  but 
thicker  toward  the  pylorus.  During  the  contracted  state  of  the  organ  it  is  thrown 
into  numerous  plaits  or  rugse,  which  for  the  most  part  have  a  longitudinal  direc- 
tion, and  are  most  marked  toward  the  lesser  end  of  the  stomach  and  along  the 
greater  curvature  (Fig.  iJSH).  These  folds  are  entirely  obliterated  when  the  organ 
becomes  distended. 

Structure  of  the  Mucous  Membrane. — When  examined  with  a  lens  the  inner 
surface  of  the  mucous  membrane  presents  a  peculiar  honeycomb  appearance, 
from  being  covered  with  small  shallow  depressions  or  alveoli  of  a  polygon.il 
or  hexagonal  form,  which  vary  from  yj-j  to  ^-J-j-  of  an  inch  in  diameter,  and 
are  separated  by  slightly  elevated  ridges.  In  the  bottom  of  the  alveoli  are 
seen  the  orifices  of  minute  tubes,  the  gastric  follicles,  which  are  situated 
perpendicularly  side  by  side  throughout  the  entire  substance  of  the  mucous  mem> 
brane. 

The  gastric  follicles  are  of  two  kinds,  which  differ  from  each  other  in  structure, 


and  it  is  believed  also  in  the  nature  of  their  secretion.  They  are  named  respectively 
pyloric  and  peptic  glands.  They  are  both  tubular  in  character,  and  are  formed  of 
a  delicate  basement  membrane,  supporting  epithelium.  The  basement  membrane 
consists  of  flattened  transparent  endothelial  cells,  with  processes  which  extend  aod 
support  the  epithelium.  The  pglorie  glands  (Fig.  530)  are  most  numerous  at  the 
pyloric  end  of  the  stomach,  and  from  this  fact  have  received  their  name.  They  were 
formerly  termed  mucous  glands,  and  were  supposed  to  secrete  mucus ;  hut.  as  Klein 
points  out,  "  the  cells  are  serous,  not  mucous,  and  the  secretion  of  the  glands  cannot 
therefore  be  mucus."  They  consist  of  two  or  three  short  closed  tubes  opening 
into  a  common  duct,  the  external  orifice  of  which  is  situated  at  the  bottom  of  an 
alveolus.  The  csecal  tubes  are  wavy,  and  are  of  about  equal  length  with  the  duct. 
The  tubes  and  duct  are  lined  throughout  with  epithelium,  the  duct  being  lined 
by  columnar  cells  continuous  with  the  epithelium  lining  the  surface  of  the  mucous 
membrane  of  the  stomach,  the  tubes  with  shorter  and  more  cubical  cells,  which  are 
finely  granular.  The  peptic  glands  (Fig.  531)  are  found  all  over  the  surface  of  the 
stomach.  Like  the  pyloric  glands,  they  consist  of  a  duct  into  which  open  two  or 
more  csecal  tubes.     The  duct,  however,  in  these  glands  is  shorter  than  in  the  other 
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variety,  Bometimes  not  amounting  to  more  than  one-sixth  of  the  whole  length  of 
the  gland  ;  it  is  lined  throughout  by  columnar  epithelium.  At  the  point  where 
the  terminal  tubes  open  into  the  duct,  and  which  is  termed  the  neck,  the  epithe- 
lium alters,  the  cells  becoming  much  shorter  and  opaque ;  the  lumen  also  becomes 
suddenly  constricted,  and  is  continued  down  to  the  bottom  of  the  tubes  as  a  very 
fine  channel.  Here  also  are  found,  between  the  epithelium  and  the  basement 
membrane,  large  spheroidal,  coarsely  granular  cells,  which  were  formerly  termed 
peptic  cells,  and  which  produce  an  outward  bulging  of  the  basement  membrane. 
They  are  seen  throughout  the  remainder  of  the  tube  at  intervals,  and  give  it  a 
beaded  or  varicose  appearance.  Below  the  neck  the  terminal  tubes,  in  addition 
to  these  isolated  spheroidal  cells,  are  occupied  with  finely  granular,  angular  cells 


Tia.  530.— Pyloric  glnnd,  Fia.  681.— Peptic  gaitiic  gland 

(columnar,  Klein),  leaving  only  a  small  channel  in  the  centre.  They  are  continuous 
with  the  short  columnar  cells  of  the  neck,  and  are  termed  the  central  or  chief  cells, 
because  they  are  believed  to  be  principally  concerned  in  the  secretion  of  the  gastric 
juice.  The  peptic  cells,  which  were  formerly  supposed  to  possess  this  office,  are 
now  termed  parietal  or  oxyntie  cells.  Between  the  glands  the  mucous  membrane 
consists  of  a  connective- tissue  framework,  with  lymphoid  tissue.  In  places  this 
latter  tissue,  especially  in  early  life,  is  collected  into  little  masses,  which  to  a  certain 
extent  resemble  the  solitary  glands  of  the  intestine,  and  are  by  some  termed  the 
lenticular  glands  of  the  stomach.  They  are  not,  however,  so  distinctly  circum- 
scribed as  the  solitary  glands.  The  epithelium  lining  the  mucous  membrane  of 
the  stomach  and  its  alveoli  is  of  the  columnar  variety.  Beneath  the  mucous 
membi-ane,  and  between  it  and  the  submucous  coat,  is  a  thin  stratum  of  involuntary 
muscular  fibre  {inugatlaris  mucosiv),  which  in  some  parts  consists  only  of  a  single 
longitudinal  layer ;  in  others,  of  two  layers,  an  inner,  circular,  and  an  outer, 
longitudinal. 

VesBels  and  Nerres. — The  arteries  supplying  the  stomach  are — the  gastric,  the 
pyloric  and  right  gastro-epiploic  branches  of  the  hepatic,  the  left  gastro-epiploic 
and  vasa  brevia  from  the  splenic.     They  supply  the  muscular  coat,  ramify  in  the 
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submucous  coat,  and  are  finally  distributed  to  the  mucous  membrane.  The 
arrangement  of  the  vessels  in  the  mucous  membrane  is  somewhat  peculiar.  The 
arteries  break  up  at  the  base  of  the  gastric  tubules  into  a  plexus  of  fine  capillaries 
which  run  upward  between  the  tubules,  anastomosing  with  each  other,  and  ending 
in  a  plexus  of  larger  capillaries,  which  surround  the  mouths  of  the  tubes  and  also 
form  hexagonal  meshes  around  the  alveoli.  From  these  latter  the  veins  arise,  and 
pursue  a  straight  course  backward  between  the  tubules,  to  the  submucous  tissue, 
and  terminate  either  in  the  splenic  and  superior  mesenteric  veins  or  directly  in 
the  portal  vein.  The  lymphatics  are  numerous ;  they  consist  of  a  superficial  and 
deep  set,  which  pass  through  the  lymphatic  glands  found  along  the  two  curvatures 
of  the  organ.  The  nerves  are  the  terminal  branches  of  the  right  and  left  pneumo- 
gastric,  the  former  being  distributed  upon  the  back,  and  the  latter  upon  the  front 
part  of  the  organ.  A  great  number  of  branches  from  the  sympathetic  also  supply 
the  organ. 

Spx&ce  Form. — ^The  stomach  lies  for  the  most  part  in  the  left  hypochondriac  region,  but 
also  slightly  in  the  epigastric  region,  and  is  partly  in  contact  with  the  abdominal  wsdl,  partly 
under  cover  of  the  lower  ribs  on  the  left  side,  and  partly  under  the  left  lobe  of  the  liver.  Its 
cardiac  orifice  is  behind  the  seventh  costal  cartilage  of  the  left  side,  about  one  inch  from  its 
junction  with  the  sternum,  on  a  level  with  the  tenth  dorsal  vertebra.  The  pyloric  orifice  is  in 
a  vertical  line  drawn  from  the  right  border  of  the  sternum,  two  and  a  half  or  three  inches  below 
the  level  of  the  stemo-ziphoid  articulation.  According  to  Braune,  when  the  stomach  is  dis- 
tended the  pylorus  moves  considerably  to  the  riffht,  as  much  sometimes  as  three  inches.  The 
lesser  curvature  of  the  stomach  is  represented  by  a  cun^ed  line  with  its  convexity  downward 
from  the  cardiac  to  the  pyloric  extremities ;  the  greater  curvature  by  a  similarly  curved  line 
between  the  same  points,  but  with  a  curve  of  much  greater  extent,  so  that  its  lowest  point 
reaches  a  horizontal  line  drawn  between  the  tips  of  the  tenth  costal  cartilages.  The  fundus  of 
the  stomach  reaches,  on  the  left  side,  as  high  as  the  level  of  the  sixth  chondro-stemal  articula- 
tion, being  a  little  below  and  behind  the  apex  of  the  heart.  The  Dortion  of  the  stomach  which 
is  in  contact  with  the  abdominal  walls,  and  is  therefore  accessible  tor  opening  in  the  ojierations 
of  gastrotomy  and  gastrostomy,  is  represented  by  a  triangular  space,  the  base  of  which  is  formed 
by  a  line  drawn  from  the  tip  of  the  tenth  costal  cartilage  on  the  left  side  to  the  tip  of  the  ninth 
costal  cartilage  on  the  right^  and  the  sides  by  two  lines  drawn  from  the  extremity  of  the  eighth 
costal  cartilage  on  the  left  side  to  the  ends  of  the  base  line. 

Surgical  Anatomy. — Operations  on  the  stomach  are  frequently  performed.  By 
"gastrotomy  "  is  meant  an  incision  into  the  stomach  for  the  removal  of  a  loreign  body,  the 
opening  being  immediately  afterward  closed — in  contradistinction  to  "  castrostomy,"  the 
making  of  a  more  or  less  permanent  fistulous  opening.  Gastrotomy  is  probably  best  performed 
by  an  mcision  in  the  linea  alba,  especially  if  the  foreign  body  is  large,  by  a  cut  from  the 
ensiform  cartilage  to  the  umbilicus,  but  ma^  be  performed  by  an  incision  over  the  body  itself, 
where  this  can  be  felt,  or  by  one  of  the  incisions  ibr  gastrostomy,  to  be  mentioned  immediately. 
The  peritoneal  cavity  is  opened,  and  the  point  at  wnich  the  stomach  is  to  be  incised  decide 
upon.  This  portion  is  then  brought  out  of  the  abdominal  wound  and  sponges  carefully 
packed  around.  The  stomach  is  now  oi)ened  by  a  transverse  incision  and  toe  loreign  body 
extracted.  The  wound  in  the  stomach  is  then  closed  by  Lembert's  sutures — i,  «.  by  sutures 
passed  through  the  peritoneal  and  muscular  coats  in  such  a  wav  that  the  peritoneal  surfaces 
on  each  side  of  the  wound  are  brought  into  apposition,  and  in  this  way  the  wound  is 
closed.  Gastrostomxf  is  performed  in  two  stages:  The  first  stage  consists  in  opening  the 
peritoneal  cavity  and  stitcnin/s^  the  stomach  to  the  abdominal  wall.  The  second  stage  consists  in 
opening  the  stomach  after  a  few  days  have  claused  and  adhesions  formed  between  the  peritoneal 
surfaces  of  the  stomach  and  abdominal  wall.  The  operation  is  usuallv  performed  by  an 
oblique  incision  about  one  finger's  breadth  below  and  parallel  with  the  margin  of  the 
left  costal  cartilages,  commencing  an  inch  and  a  half  from  the  median  line  and  l^ing  about 
three  inches  in  length.  Some  surgeons  prefer  a  straight  incision,  beginning  opposite  to  the 
end  of  the  eighth  intercostal  space,  and  passing  down  for  three  inches  over  the  Kectus  abdominis 
muscle.  The  skin,  fasciae,  and  muscles  are  to  be  severally  divided  down  to  the  peritoneum. 
Howse  recommends  that  the  sheath  of  the  Rectus  should  be  opened  longitudinally,  and  the  fibres 
of  this  muscle  separated,  and  not  cut,  in  the  same  direction,  so  as  to  secure  a  sphincter-like  action 
around  the  opening.  After  the  peritoneum  has  been  opened  the  stomach  is  recognized  by  its 
pink-red  color  and  smooth  surface.  It  is  to  be  pulled  up  into  the  wound  and  sutured  to  the 
opening.  This  may  be  done  in  several  wavs,  but  m  whatever  way  it  is  done  the  following  points 
should  DC  carefully  attended  to :  (1 )  In  taking  up  the  stomach  only  to  pass  the  needle  through 
the  serous  and  muscular  coats,  and  avoid  puncturing  the  mucous  membrane.  (2)  To  take  up 
plenty  of  the  muscular  coat.  (3)  In  passing  the  needle  through  the  parietes  of  the  abdomen  to 
be  careful  to  include  the  parietal  peritoneum.  (4)  To  enclose  a  circle  of  the  stomach  at  least  an 
inch  in  diameter.  If  the  symptoms  admit  of  it,  the  parts  are  now  to  be  left  quiet  for  four  oi 
five  days,  and  a  small  puncture  is  then  to  be  made  through  the  exposed  portion  of  the  stomach, 
and  a  gum  elastic  catheter  passed  through  it  into  the  viscus,  through  which  fluid  can  be  iAJccted, 
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in  small  quantities  at  first.    In  more  urgent  cases  it  may  be  necessary  to  make  the  opening  much 
earlier. 

Excision  of  the  pylorus  has  occasionally  been  performed,  but  the  results  of  this  operation  are 
by  no  means  favorable,  and  in  cases  of  cancer  of  the  pylorus  gastro-enterostomy  is  generally  pre- 
ferred. The  object  of  this  operation  is  to  make  a  fistulous  communication  between  the  stomach, 
on  the  cardiac  side  of  the  disease,  and  the  small  intestine,  as  high  up  as  is  possible. 

THE  SBCALL  INTISSTINE. 

The  small  intestine  is  a  convoluted  tube,  about  twenty  feet  in  length,^  which 
gradually  diminishes  in  size  from  its  commencement  to  its  termination.  It  is 
contained  in  the  central  and  lower  parts  of  the  abdominal  and  pelvic  cavities, 
surrounded  above  and  at  the  sides  by  the  large  intestine ;  it  is  in  relation,  in 
front,  with  the  great  omentum  and  abdominal  parietes,  and  connected  to  the  spine 
by  a  fold  of  peritoneum,  the  mesentery.  The  small  intestine  is  divisible  into  three 
portions — the  duodenum,  the  jejunum,  and  ileum. 

The  duodenum  has  received  its  name  from  being  about  equal  in  length  to  the 
breadth  of  twelve  fingers  (eight  or  ten  inches).  It  is  the  shortest,  the  widest,  and 
the  most  fixed  part  of  the  small  intestine ;  it  has  no  mesentery,  and  is  only 
partially  covered  by  the  peritoneum.  Its  course  presents  a  remarkable  curve, 
somewhat  like  a  horseshoe  in  form,  the  convexity  being  directed  toward  the  right, 
and  the  concavity  to  the  left,  embracing  the  head  of  the  pancreas.  Commencing 
at  the  pylorus,  it  passes  obliquely  upward,  backward,  and  to  the  right,  to  the 
under  surface  of  the  liver ;  it  then  descends  in  front  of  the  right  kidney,  and 
passes  nearly  transversely  across  the  front  of  the  spine,  terminating  in  the  jejunum 
on  the  left  side  of  the  second  lumbar  vertebra.  Hence  the  duodenum  has  been 
divided  into  three  portions — ascending,  descending,  and  transverse. 

The  first,  or  ascending  portion  (Fig.  532),  about  two  inches  in  length,  is  free, 
movable,  and  nearly  completely  invested  by  the  peritoneum,  which  forms  the  lesser 
omentum.  It  is  in  relation,  above  and  in  front,  with  the  liver  and  neck  of  the 
gall-bladder;  behind,  with  the  vessels  which  run  between  the  layers  of  the  lesser 
omentum — viz.  the  hepatic  artery  and  duct,  and  vena  portae.  This  portion  of  the 
intestine  is  usually  found  after  death  stained  with  bile,  especially  on  its  anterior 
surface. 

The  second,  or  descending  portion^  about  three  inches  in  length,  is  firmly  fixed 
by  the  peritoneum  and  pancreas.  It  passes  from  the  neck  of  the  gall-bladder 
vertically  downward,  in  front  of  the  right  kidney,  as  far  as  the  third  lumbar 
vertebra.  It  is  covered  by  peritoneum  only  on  its  anterior  surface.  It  is  in 
relation,  in  front,  with  the  right  arch  of  the  colon  and  the  meso-colon ;  behind,  with 
the  front  of  the  right  kidney ;  at  its  inner  side  is  the  head  of  the  pancreas  and  the 
ductus  communis  choledochus.  The  common  bile-duct  and  the  pancreatic  duct 
perforate  the  inner  side  of  this  portion  of  the  intestine  obliquely,  a  little  below  its 
middle. 

The  third,  or  transverse  portion^  the  longest  and  narrowest  part  of  the  duo- 
denum, passes  across  the  front  of  the  spine,  ascending  from  the  third  to  the  second 
lumbar  vertebra,  and  terminating  in  the  jejunum  on  the  left  side  of  the  latter  bone. 
In  front,  though  at  some  distance  from  it,  is  the  descending  layer  of  the  transverse 
meso-colon,  or  the  divergence  of  the  two  layers  of  that  structure,  and  it  is  crossed 
by  the  superior  mesenteric  vessels ;  behind,  it  rests  upon  the  aorta,  the  vena  cava 
inferior,  and  the  crura  of  the  Diaphragm ;  above  it  is  the  lower  border  of  the 
pancreas,  the  superior  mesenteric  vessels  passing  forward  between  the  two. 

The  point  of  junction  of  the  duodenum  and  jejunum  is  said  to  correspond  to 
the  spot  where  the  gut  receives  a  complete  investment  of  peritoneum.  From  this 
point  a  fairly  constant  portion,  about  an  inch  in  length,  ascends  on  the  left  side  of 

^  Treves  states  that  in  one  hundred  cases  the  average  length  of  the  small  intestine  in  the  adult 
male  vraa  22  feet  6  inches,  and  in  the  adult  female  23  feet  4  inches :  but  that  it  varies  yery  much,  the 
extremes  in  the  male  being  31  feet  10  inches  in  one  case  and  15  feet  6  inches  in  another,  a  difference 
of  over  15  feet.  He  states  that  he  has  convinced  himself  that  the  length  of  the  bowel  is  independent, 
in  the  adult,  of  age,  height,  and  weight 
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the  vertebral  column,  and  is  by  some  regarded  as  a  fourth  part  of  the  duodenum. 
This  portion  is  fixed  in  this  position  bv  a  band  which  extends  upward  from  iL 
obliquely  across  the  aorta  to  the  connective  tissue  around  the  coeliac  axia  and  the 
left  CPUS  of  the  Diaphragm,  and  is  termed  the  museulus  SHspen»oriuji  du*>deni,  from 
possessing,  according  to  Treitz,  plain  muscular  fibres,  mixed  with  the  fibrous  tissue 
of  which  it  is  principally  made  up. 

Vessels  and  Nerves. — The  arteries  supplying  the  duodenum  are  the  pyloric  and 
pancreati co-duodenal  branches  of  the  hepatic  and  the  inferior  pancreaticrMluodeml 


Fig.  532.— BelaliooiS  of  duodenum,  etc.    (Seml-dlsgrammatlcJ 

branch  of  the  superior  mesenteric.     The  veint  terminate  in  the  splenic  andsuperior 
mesenteric.     The  nerves  are  derived  from  the  solar  ple.xus. 

The  Jdlmmm  (Jejnnus,  empty),  so  called  from  being  usually  found  ein|pi_( 
after  death,  includes  the  upper  two-fifths  of  the  small  intestine  below  the  duo- 
denum. It  commences  at  the  duodenum  on  the  left  side  of  the  second  lumbar 
vertebra,- and  terminates  in  the  ileum,  its  convolutions  being  chiefly  confined  i" 
the  umbilical  and  left  iliac  regions.  The  jejunum  is  wider,  its  coats  thicker,  more 
vascular,  and  of  a  deeper  color  than  those  of  the  ileum  :  but  there  is  no  character- 
istic mark  to  distinguish  the  termination  of  the  one  and  the  commencement  of  the 
other. 
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The  ileum  {eiXeiu,  to  twist),  so  called  from  its  numerous  coils  or  convolutions, 
includes  the  remaining  three-fifths  of  the  small  intestine.  It  occupies  chiefly  the 
umbilical,  hypogastric,  right  iliac,  and  occasionally  the  pelvic  regions,  and  termi- 
nates in  the  right  iliac  fossa  by  opening  into  the  inner  side  of  the  commencement 
of  the  large  intestine.  The  ileum  is  narrower,  its  coats  thinner  and  less  vascular 
than  those  of  the  jejunum,  a  given  length  of  it  weighing  less  than  the  same  length 
of  the  jejunum. 

Meckel's  divertienliim. — Occasionally  there  may  be  found  connected  with  the 
lower  part  of  the  ileum,  from  one  to  three  feet  from  its  teimination,  a  blind 
diverticulum  or  tube  varying  in  length.  It  is  attached  to  and  communicates  with 
the  free  margin  of  the  bowel  by  one  extremity,  and  by  the  other  is  unattached,  or 
may  be  connected  with  the  abdominal  wall  or  some  other  portion  of  the  intestine 
by  a  fibrous  band.  This  is  Meckel's  diverticulum,  and  represents  the  remains  of 
the  vitelline  duct,  or  duct  of  communication  between  the  umbilical  vesicle  and  the 
alimentary  canal  (see  page  109). 

Structure. — The  wall  of  the  small  intestine  is  composed  of  four  coats — serous, 
muscular,  areolar,  and  mucous. 

The  serous  coat  is  derived  from  the  peritoneum.  The  first  or  ascending  por- 
tion of  the  duodenum  is  almost  completely  surrounded  by  that  membrane ;  the 
second  or  descending  portion  is  covered  by  it  only  in  front ;  and  the  third  or 
transverse  portion  lies  behind  the  descending  layer  of  the  transverse  meso-colon, 
which  passes  over  it  without  being  closely  incorporated  with  the  other  coats  of 
this  part  of  the  intestine.  The  remaining  portion  of  the  small  intestine  is  sur- 
rounded by  the  peritoneum,  excepting  along  its  attached  or  mesenteric  border ; 
here  a  space  is  left  for  the  vessels  and  nerves  to  pass  to  the  gut. 

The  muscular  coat  consists  of  two  layers  of  fibres,  an  external  or  longitudinal 
and  an  internal  or  circular  layer.  The  longitudinal  fibres  are  thinly  scattered 
over  the  surface  of  the  intestine,  and  are  more  distinct  along  its  free  border.  The 
circular  fibres  form  a  thick,  uniform  layer ;  they  surround  the  cylinder  of  the 
intestine  in  the  greater  part  of  its  circumference,  but  do  not  form  complete  rings. 
The  muscular  coat  is  thicker  at  the  upper  than  at  the  lower  part  of  the  small 
intestine. 

The  areolar  or  submucous  coat  connects  together  the  mucous  and  muscular 
layers.  It  consists  of  loose,  filamentous  areolar  tissue,  which  forms  a  nidus  for  the  sub- 
division of  the  nutrient  vessels  previous  to  their  distribution  to  the  mucous  surface. 

The  mucous  membrane  is  thick  and  highly  vascular  at  the  upper  part  of  the 
small  intestine,  but  somewhat  paler  and  thinner  below.  It  consists  of  the  following 
structures  :  next  the  areolar  or  submucous  coat  is  a  layer  of  unstriped  muscular 
fibres,  the  muscularis  mucosce ;  internal  to  this  is  a  quantity  of  retiform  tissue, 
enclosing  in  its  meshes  lymph-corpuscles,  and  in  which  the  blood-vessels  and 
nerves  ramify.  Lastly,  a  basement  membrane,  supporting  a  single  layer  of  epithelial 
cells,  which  throughout  the  intestines  are  columnar  in  character.  They  are 
granular  in  appearance  and  possess  a  clear  oval  nucleus.  At  their  superficial  or 
unattached  end  they  present  a  distinct  layer  of  highly  refracting  material,  marked 
by  vertical  striae,  which  were  formerly  believed  to  be  minute  channels,  by  which 
the  chyle  was  taken  up  into  the  interior  of  the  cell,  and  by  them  transferred  to  the 
lacteal  vessels  of  the  mucous  membrane. 

The  mucous  membrane  presents  for  examination  the  following  structures,  con- 
tained within  it  or  belonging  to  it : 

Valvulse  conniventes.  (  Duodenal  glands. 

Villi.  Glands  <  Solitary  glands. 

Simple  follicles.  (  Agminate  or  Peyer's  glands. 

The  valvula  conniventes  (valves  of  Kerkring)  are  reduplications  or  foldings  of 
the  mucous  membrane  and  submucous  tissue.  Unlike  the  folds  in  the  stomach, 
they  are  permanent,  and  are  not  obliterated  when  the  intestine  is  distended. 
They  extend  transversely  across  the  cylinder  of  the  intestine  for  about  one-half 


934  THE    ORGANS    OF  DiaESTION. 

or  two-thirds  of  its  circumference.  The  larger  folds  are  about  two  inches  in 
length  and  one-third  of  an  inch  in  depth  at  their  broadest  part,  but  the  greater 
Dumber  are  of  smaller  size.  The  larger  and  smaller  folds  alternate  with  eacb 
other.  They  are  not  found  at  the  commencement  of  the  duodenum,  but  begin  to 
appear  about  one  or  two  inches  beyond  the  pylorus.  In  the  lower  part  of  (he 
descending  portion,  below  the  point  where  the  common  choledic  and  pancreaiic 
ducts  enter  the  intestine,  they  are  very  large  and  closely  appniximated.  Id  the 
transverse  portion  of  the  duodenum  and  upper  half  of  the  jejunum  they  are  large 
and   numerous,  and   from   this   point,  down    to   the  middle  of  the  ileum,  they 


Flo.  ess.— DUsTBTnmatk  tectloD  or  n  vUliu.    (Watney.)   n.  EpItheUnm  only  paritallT  abided  In.  t.  On- 

.1  ...... , .  .u ,^  formtng  the  vewpl  have  been  fen  ahaded  to  dlitlngulifithem  trom  the  m!1«  of  the 

.    m.  Mii8cli--lihreB  ninntng  up  by  the  aide  of  the  chyfe-ve      "'     '"  '    '" 


:  the  rells  formtna  tl 

._  ...he  vIlluM.    m.  MubcIi- ^  „^  -, ,.. _.  .  ...  . 

It-flbre  ia  luiruunded  by  the  reticulum,  and  by  thla  reticulum  the  muaclea  are  attached  lo 


propria,  as  at  e',  or  to  the  reticulum  of  the  vlUua.  le.  Lymph-corpuacle*,  marked  by  • 
iKociitroi  1IUV.E1U  -iiu  CI  clear  zone  or  proloplaam.  f.  tapper  limit  of  the  chyle'Teaaef  ;,  t.  e'.  Cella  forming  Ibe 
membrana  propria.  It  will  be  seen  that  there  l«  hardly  any  dlSference  between  the  cella  of  the  pareachjma. 
theendothelliim  of  the  HMvrpartorthe  chyle-veaael.  andlhe  cellsof  the  mem  biana  propria,  r.  Blooa-TawK 
:.  nark  line  at  the  t>aae  of  the  epithelium  formed  by  the  reticulum,  tt  wlU  be  Been  thai  the  reticulum  aiof- 
irales  between  aU  the  other  sletnents  of  the  villua.  The  relleulam  contains  thlckenlaga  or  "  nodal  polnit. 
The  dlasram  Bhowa  that  the  cells  of  the  upper  part  of  the  vIMua  are  larger  and  contain  a  larger  nine  oi  pnilo- 
plaamthanlhoaeof  the  lower  part.  The  eel  la  "f  the  upper  pait  oflhc  cByle-veusel  dltftraomewhatftom  thoie 
uf  the  lower  part,  in  thai  they  more  nearly  reaemble  the  coUa  of  the  parenchyma. 

diminish  considerably  in  size.  In  the  lower  part  of  the  ileum  they  almost  entirely 
disappear;  hence  the  comparative  thinness  of  this  portion  of  the  intestine  as 
compared  with  the  duodenum  and  jejunum.  The  valvulse  conniventes  retard  the 
passage  of  the  food  along  the  intestines  and  afford  a  more  extensive  surface  for 
absorption. 

The  villi  are  minute,  highly  vascular  processes  projecting  from  the  mucous 
membrane  of  the  small  intestine  throughout  its  whole  extent,  and  giving  to  its 
surface  a  velvety  appearance.  In  shape  some  are  triangular  and  laminateii. 
others  conical  or  cylindrical,  with  clubbed  or  filiform  extremities.  They  are 
largest  and  most  numerous  in  the  duodenum  and  jejunum,  and  become  fewer 
and  smaller  in  the  ileum.  Krause  estimates  their  number  in  the  upper  part  of 
the  small  intestine  at  from  fifty  to  ninety  in  a  square  line,  and  in  the  lower  part 
from  forty  to  seventy,  the  total  number  for  the  whole  length  of  the  intestine 
being  about  four  millions. 
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Stmctnre  of  the  Villi  {Fig.  533), — The  structure  of  the  villi  has  heen  Btudied 
recentW  by  many  emiDent  anatomists.  We  shall  here  follow  the  description  of 
Dr.  Watney,'  whose  researches  have  a  most  important  bearing  on  the  physiology 


Lymph  IrVBk. 


of  that  which  is  the  peculiar  function  of  this  part  of  the  intestine,  the  absorp- 
tion of  fat. 

The  essential  parts  of  a  villus  are — the  lacteal  vessel,  the  blood-vessels,  the 
epithelium,  the  basement  membrane  and  muscular  tissue  of  the  mucosa,  these 
structures  being  supported  and  held   together  by  retifonu  lymphoid  tissue. 

These  structures  are  arranged  in  the  following  manner  t  Situated  in  the  centre 
of  the  villus  is  the  lacteal,  terminating  near  the  summit  in  a  blind  extremity; 
running  along  this  vessel  are  unstriped  muscular  fibres:  surrounding  it  is  a  plexus 
of  capillary  vessels,  the  whole  being  enclosed  by  a  basement  membrane,  supporting 
columnar  epithelium.  Those  structures  vhich  are  contained  within  the  basement 
membrane — namely,  the  lacteal,  the  muscular  tissue,  and  the  blood-vessels — are 
surrounded  and  enclosed  by  a  delicate  reticulum  which  forms  the  matrix  of  the 
villus,  and  in  the  meshes  of  which  are  found  large  ilatlened  cells,  with  an  oval 
nucleus,  and.  in  smaller  numbers,  lymph-corpuscles.  These  latter  are  to  be 
distinguished  from  the  larger  cells  of  the  villus  by  their  behaviorwith  reagents,  by 
their  size,  and  by  the  shape  of  their  nucleus,  vhich  is  spherical.  Transitional 
forms,  however,  of  all  kinds  are  met  with  between  the  lymph-corpuscle  and  the 
proper  cells  of  the  villus. 

The  lacteah  are  in  some  cases  double,  and  in  some  animals  multiple.  Situated 
in  the  axis  of  the  villi,  they  commence  by  dilated  cnecal  extremities  near  to,  but 
not  quite  at,  the  summit  of  the  villus.  The  walls  are  composed  of  a  single  layer 
of  endothelial  cells,  the  interstitial  substance  between  the  cells  being  continuous 
with  the  reticulum  of  the  matrix. 

The  muncular  fibres  are  derived  from  the  muscularis  mucosa,  and  are  arranged 
in  bundles  around  the  lacteal  vessel,  extending  from  the  base  to  the  summit  of  the 
villus,  and  giving  off  laterally,  individual  muscle-cells,  which  are  enclosed  by  the 
reticulum,  and  by  it  are  attached  to  the  basement  membrane. 

The  blood-vesseh  form  a  plexus  between  the  lacteal  and  the  basement  mem- 
'  PhU.  Trmit.,  vol.  clxvi.  pt.  ii. 
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brane,  and  are  enclosed  in  the  reticular  tissue;  in  the  interstices  of  the  capillary 
plexus,  which  they  form,  are  contained  the  cells  of  the  villus. 

These  structures  are  surrounded  by  the  basement  membrane,  which  is  made 
up  of  a  stratum  of  endothelial  cells,  and  upon  which  is  placed  a  layer  of  columnar 
epithelium.  The  reticulum  of  the  matrix  is  continuous  through  the  basement 
membrane  (that  is,  through  the  interstitial  substance  between  the  individual 
endothelial  cells)  with  the  interstitial  cement  substance  of  the  columnar  cells  on 
the  surface  of  the  villus.  Thus  we  are  enabled  to  trace  a  direct  continuity  between 
the  interior  of  the  lacteal  and  the  surface  of  the  villus  by  means  of  the  reticular 
tissue,  and  it  is  along  this  path  that,  according  to  Dr.  Watney.  the  chyle  pa^es 
in  the  process  of  absorption  by  the  villi.  That  is  to  say,  it  passes  through  the 
interstitial  substance  between  the  epithelium  cells,  through  the  interstitial  sub- 
stance of  the  basement  membrane,  the  reticulum  of  the  matrix,  and  the  interstitial 
substance  between  the  endothelial  plat«a  of  the  lacteal,  all  which  structures  have 
been  shown  to  be  continuous  with  one  another,  and.  being  probably  semifluid,  do 
not  offer  any  obstacle  to  the  passage  of  the  molecular  basis  of  the  chyle. 

The  simple  follicles,  or  erypU  of  Lieberk&bn  (Figs.  535, 536),  are  found  in  con- 
siderable numbers  over  every  part  of  the  mucous  membrane  of  the  small  intestine. 
They  consist  of  minute  tubular  depressions  of  the  mu- 
cous membrane,  arranged  perpendicularly  to  the  sur- 
face, upon  which  they  open  by  small  circular  apertures. 
They  may  be  seen  with  the  aid  of  a  lens,  their  orifices 
appearing  as  minute  dots  scattered  between  the  villi. 
Their  walls  are  thin,  consisting  of  a  layer  of  basement 
membrane  (which  is.  in  fact,  an  endothelial  membrane) 
lined  by  columnar  epithelium,  and  covered  on  their  e.v 
terior  by  capillary  vessels. 

The  dnodsnal  or  Bmuner's  glands  are  limited  to  the 

duodenum  and  commencement  of  the  jejunum.     They 

are  small,  flattened,  granular  bodies  imbedded  in  the 

2Sd'5?tie'''m"*"'"-  "^'*"'     submucous  areolar  tissue,  and  open  upon  the  surface 

of  the  mucous  membrane  by  minute  excretory  ducts- 

They  are  most  numerous  and  largest  near  the  pylorus.     They  may  be  compared 

to  the  elementary  lobules  of  a  salivary  gland  spread  out  over  a  broad  surface, 


Fio.SaB-Lonnitiirtljial  section  of  ciTPM  "f  Ueberkiihn.  Ooblet-CellsacenamoTiK  the  columiuirepltbelial 
cellB.    (Kltln  and  Noble  Bmith.) 

instead  of  being  collected  in  a  mass.  They  consist  of  a  number  of  tubular  alveoli 
lined  by  epithelium,  and  opening  by  a  single  duct  on  the  inner  surface  of  the 
intestine. 

The  solitary  glands  {glan<iul<e  aob'tarice)  are  found  scattered  throughont  the 
mucous  membrane  of  the  small  intestine,  but  are  most  numerous  in  the  lower  part 
of  tbe  ileum.  They  are  small,  round,  whitish  bodies,  from  half  a  line  to  a  line  in 
diameter.  Their  free  surface  is  covered  with  villi,  and  each  gland  is  surrounded 
by  the  openings  of  the  follicles  of  Lieberkiihn.  They  are  now  recognized  as 
lymph-follicles,  and  consist  of  a  dense  interlacing  retiform  tissue,  closely  packed 
with  lymph-corpuscles  and  permeated  with  an  abundant  capillary  network  (Fig. 
537),  The  interspaces  of  the  retiform  tissue  are  continuous  with  larger  Ivmph- 
spacos  at  the  base  of  the  gland  through  which  they  communicate  with  the  lacteal 
system.     They  are  situated  partly  in  the  submucous  tissue,  partly  in  the  mucous 
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membrane,  where  thej  form  alight  projections  of  its  epithelial  layer  after  having 
penetrated  the  muscuiaria  mucosae.     The  villi  which  are  situated  on  them  are 
generally  absent  from  the  very  summit 
(or  "cupola,"  as    Frey  calls   it)  of  the 
gland. 

Payer's  glands  (Figs.  -536-540)  may 
be  regarded  as  aggregations  of  solitary 
glands,  forming  circular  or  oval  patches 
from  twenty  to  thirty  in  number,  and 
varying  in  length  from  half  an  inch  to 
four  inches.  Thev  are  largest  and  most 
numerous  in  the  ileum.  In  the  lower 
part  of  the  jejunum  they  are  small,  of  a 
circular  form,  and  few  in  number.  They 
are  occasionally  seen  in  the  duodenum. 
They  are  placed  lengthwise  in  the  intes- 
tine, covering  the  portion  of  the  tube 
most  distant  from  the  attachment  of  the 
mesentery.  Each  patch  is  formed  of  a 
group  of  the  above-described  solitary 
glands  covered  with  mucous  membrane, 
and  in  almost  every  respect  are  similar 

in  structure  to  them.       They  do  not,  how-  ^^^   537.-TrsnBVi-rae  aection  through  Ihe  equa- 

ever,  as  a  rule,  possess  villi  on  their    free       tofial  V^oe  at  three  of  Peyefa  folUeloa  from  the 


surface.     Each  patch  is  surrounded  hy  a 

circle  of  the  crypts  of  Lieberkiihn.     They  are  best  marked  in  the  young  subject, 

becoming  indistinct  in   middle  age,  and  sometimes  altogether  disappearing  in 


advanced  life.  They  are  largely  supplied  with  blood-vessels,  which  form  an 
abundant  plexus  around  each  follicle,  from  which  fine  branches  are  given  off 
which  permeate  the  lymphoid  tissue  in  the  interior  of  the  follicle. 

VesselB  and  Nerves. — The  jejunum  and  ileum  are  supplied  bv  the  superior 
mesenteric  artery,  the  branches  of  which,  having  reached  the  attached  border  of 
the  bowel,  run  between  the  serous  and  muscular  coats,  with  frerpient  inoscula- 
tions to  the  free  border,  where  they  also  anastomose  with  other  branches 
running  round  the  opposite  surface  of  the  gut.  From  the^fe  vessels  numerous 
branches  are  given  off  which  pierce  the  muscular  coat,  supplying  it  and  forming 
an  intricate  plexus  in  the  submucous  tissue.     From  this  plexus  minute  vessels 
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pass   to   the   glands   and   villi   of  the  mucous  membrane.     The    veins  have  s 
similar  course  and  arrangement  to  the   arteries.     The  lymphatka  of  the  small 
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inteHine  (lacteals)  are  arranged  in  two  Bets,  those  of  the  villi  and  those  of  the 


miisviilar   coat.     The   lymphatics   of  the   villi    comnienee   in   these    structures 
in  the  manner  described  above,  and  form  an  intricate  plexus  in  the  mucous  am! 
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submucous  tissue,  being  joined  by  the  lymphatics  from  the  lymph-spaces  at  the 
bases  of  the  solitary  glands  (Fig.  540),  and  from  this  pass  to  larger  vessels 
at  the  mesenteric  border  of  the  gut.  The  lymphatics  of  the  muscular  coats 
are  situated  to  a  great  extent  between  the  two  layers  of  muscular  fibres,  where 
they  form  a  close  plexus,  and  throughout  their  course  communicate  freely 
with  the  lymphatics  from  the  mucous  membrane,  and  empty  themselves  in  the 
same  manner  into  the  commencement  of  the  lacteal  vessels  at  the  attached  border 
of  the  gut. 

The  nerves  of  the  small  intestine  are  derived  from  the  plexuses  of  sympathetic 
nerves  around  the  superior  mesenteric  artery.  From  this  source  they  run  to 
a  plexus  of  nerves  and  ganglia  situated  between  the  circular  and  longitudinal 
muscular  fibres  (Auerbach's  plexus)  from  which  the  nervous  branches  are 
distributed  to  the  muscular  coats  of  the  intestine.  From  this  plexus  a  secondary 
plexus  is  derived  (Meissner's  plexus),  which  is  formed  by  branches  which 
have  perforated  the  circular  muscular  fibres  (Fig.  541).  This  plexus  lies 
between  the  muscular  and  mucous  coats  of  the  intestine.  It  is  also  gangliated, 
and  from  it  the  ultimate  fibres  pass  to  the  muscularis  mucosae  and  to  the  mucous 
membrane. 

THE  LARGE  INTESTINE. 

The  large  intestine  extends  from  the  termination  of  the  ileum  to  the  anus.  It 
is  about  five  feet  in  length,  being  one-fifth  of  the  whole  extent  of  the  intestinal 
canal.  It  is  largest  at  its  commencement  at  the  caecum,  and  gradually  diminishes 
as  far  as  the  rectum,  where  there  is  a  dilatation  of  considerable  size  just  above 
the  anus.  It  differs  from  the  small  intestine  in  its  greater  size,  its  more 
fixed  position  and  its  sacculated  form.  The  large  intestine  in  it^s  course  describes 
an  arch,  which  surrounds  the  convolutions  of  the  small  intestine.  It  com- 
mences  in  the  right  inguinal  region,  in  a  dilated  part,  the  ccecum.  It  ascends 
through  the  right  lumbar  and  hypochondriac  regions  to  the  under  surface 
of  the  liver;  passes  transversely  across  the  abdomen,  on  the  confines  of  the 
epigastric  and  umbilical  regions,  to  the  left  hypochondriac  region;  descends 
through  the  left  lumbar  region  to  the  left  iliac  fossa,  where  it  becomes  convoluted 
and  forms  the  sigmoid  flexure ;  finally  it  enters  the  pelvis,  and  descends  along  its 
posterior  wall  to  the  anus.  The  large  intestine  is  divided  into  the  caecum,  colon, 
and  rectum. 

The  csciim  {coecus^  blind)  (Fig.  542)  is  the  large  blind  pouch,  or  ctiUde-saCs  in 
which  the  large  intestine  commences.  It  is  the  most  dilated  part  of  the  tube, 
measuring  about  two  and  a  half  inches  both  in  its  vertical  and  transverse 
diameters.  Its  position  varies  somewhat;  usually  it  is  found  lying  upon  the 
Psoas  muscle,  and  so  placed  that  its  apex  or  lowest  point  is  just  projecting  beyond 
the  inner  border  of  that  muscle,  corresponding  to  a  point  a  little  to  the  inner  side 
of  the  middle  of  Poupart's  ligament.  Sometimes,  however,  it  is  situated  external 
to  this,  in  the  right  iliac  fossa,  in  relation  with  the  Iliacus  muscle ;  and  at 
other  times  it  lies  internal  to  both  Psoas  and  Iliacus.  either  resting  on  the  pelvic 
brim  or  altogether  contained  within  the  pelvis.  It  is  entirely  enveloped  on 
all  sides  by  peritoneum,  which  after  enclosing  it  is  reflected  on  to  the  posterior 
wall  of  the  abdomen,  being  continuous  with  the  ascending  meso-colon  when 
this  fold  exists.  The  caecum,  therefore,  lies  quite  free  in  the  abdominal  cavity, 
and  enjoys  a  considerable  amount  of  movement.  On  its  inner  side  it  is  joined 
by  the  ileum,  while  attached  to  its  lower  and  back  part  is  the  appendix  vermi- 
formis. 

The  appendix  yermiformis  is  a  long,  narrow,  worm-shaped  tube,  the  rudiment 
of  the  lengthened  caecum  found  in  nearly  all  the  mammalia.  The  appendix 
varies  from  three  to  six  inches  in  length,  its  average  diameter  being  about  equal 
to  that  of  a  goosequill.  It  is  usually  directed  upward  and  inward  behind 
the  caecum,  coiled  upon  itself,  and  terminates  in  a  blunt  point,  being  retained  in 
its  position  by  a  fold  of  peritoneum,  which  sometimes  forms  a  mesentery  for  it. 


940  THE    ORGANS    OF  DIGESTION. 

Its  canal  is  small,  and  commuDicates  with  the  cseciim  by  an  orifice  which  is 
placed  below  and  behind  that  of  the  ileum. 
It  is  sometimes  guarded  with  an  iocomplete 
valve  formed  of  a  fold  of  mucous  mem- 
brane. Its  coats  are  thick,  and  its  mucous 
lining  furnished  with  a  large  number  of 
solitary   glands. 

In  the  neighborhood  of  the  caecum,  anil 
especially  in  the  vicinity  of  the  ileo-cteeal 
valve,  are  certain  pouches  of  peritoneum  or 
fossiE   which   are   of   surgical    importance. 
Three  of  these  fossae  have  been  described. 
The   iho-coUc  fo»»n   (superior  ileo-cwcal)  is 
situated  at  the  junction  of  the  ileum  and 
colon,  in  the  angle  between  the  ascending 
colon,  which  foims  the  outer  boundary  of  the 
pouch,  and  the  ileum  which  forms  the  lower 
boundary.    Often  a  fold  of  peritoneum,  arch- 
ing over  a  branch  of  the  ileo-colic  artery. 
roofs  in  this  angle,  and  thus  forms  a  pouch 
the  floor  of  which  is  formed  by  the  mesen- 
tery.    The   iko-ca-eal  fossa   (inferior   ileo- 
csecal)  is  situated  behind  the  angle  of  junc- 
tion of  the  ileum  and  cpecum.      It  is  formed 
.ho^"h«1lo™c™vaT«'''*'^'*'°'''"°^""'     by   a  fold   of  peritoneum  (ileo-CffiCal    fold). 
which  extends  from  the  border  of  the  ileum, 
and,  passing  over  the  ileo-csecal  junclion,  joins  the  mesentcrv  of  the  appendix. 
Between  this  fold  and  the  appendix  is  the  fossa,  which  ia  bounded  to  the  right  by 
the  ascending  meso-colon  and  to  the  left  by  the  mesentery.    It  may  extend  a  con- 
siderable distance  upward,  behind  and  parallel  with  the  colon.     The  »ubc<fcal 
fossa  (retro-caecal)  is  situated  immediately  beneath  the  cascum,  which  has  to  he 
raised  to  bring  it  into  view.     It  lies  close  to  the  ileo-csecal  fossa,  from  which  it  is 
separated  by  the  meso-ciecum  and  ascending  meso-colon.     It  is  not  so  constant  as 
either  the  ileo-csecal  or  ileo-colic  fossse. 

Hernia  of  the  verDiifomi  appendix  into  one  of  these  pouches  frequently  takes  place,  when 
it  is  often  cunceaied  and  might  escape  the  search  of  the  aur^eun  were  he  not  familiar  will)  their 
exiatenca  Moreover,  a  herniated  appendix  into  one  of  these  pouches  is  very  liable  to  become 
Btrani^ulated.  The  presence  of  these  pouchcx  also  explains  the  cuuiae  which  pus  has  been  tnuws 
to  take  in  cases  of  pertbration  of  the  appendix,  where  it  travels  upward  benind  the  ascending 
colon  as  far  as  the  Diaphragm.' 

Ileo-cacal  ralve. — The  lower  end  of  the  ileum  terminates  at  the  inner  and 
back  part  of  the  large  intestine,  opposite  the  junction  of  the  caecum  with  the  colon. 
At  this  point  the  mucous  membrane  forms  two  valvular  folds,  which  project  into 
the  large  intestine  and  are  separated  from  each  other  by  a  narrow,  elongated  aperture. 
These  folds  form  the  ileo-ca!cal  valve  (yalvula  Baukini).  Each  fold  is  semilunar 
in  form.  The  upper  one,  nearly  horizontal  in  direction,  is  attached  by  its  convex 
border  to  the  point  of  junction  of  the  ileum  with  the  colon  ;  the  lower  segment,  to 
the  point  of  junction  of  the  ileum  with  the  ciecum.  Their  free  concave  margins 
project  into  the  intestine,  separated  from  one  another  by  a  narrow  slit-like  aperture 
directed  transversely.  At  each  end  of  this  aperture  the  two  segments  of  the  valve 
coalesce,  and  are  continued  as  a  narrow  membranous  ridge  round  the  canal  of  the 
intestine  for  a  short  distance,  forming  the/ropna,  or  retinacula,  of  the  valve.  The 
left  or  anterior  end  of  this  aperture  is  rounded ;  the  right  or  posterior  end  is  narrow 
and  pointed. 

Each  segment  of  the  valve  ia  formed  by  a  reduplication   of  the   mucous 

a  and  Mr.  Lockwood  {Journal  nf 
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membrane  and  of  the  circular  muscular  fibres  of  the  intestine,  the  longitudinal 
fibres  and  peritoneum  being  continued  uninterruptedly  across  from  one  intestine  to 
the  other.  When  these  are  divided  or  removed  the  ileum  may  be  drawn  outward, 
and  all  traces  of  the  valve  will  be  lost,  the  ileum  appearing  to  open  into  the  large 
intestine  by  a  funnel-shaped  orifice  of  large  size. 

The  surface  of  each  segment  of  the  valve  directed  toward  the  ileum  is  covered 
with  villi,  and  presents  the  characteristic  structure  of  the  mucous  membrane  of  the 
small  intestine,  whilst  that  turned  toward  the  large  intestine  is  destitute  of  villi, 
and  marked  with  the  orifices  of  the  numerous  tubular  glands  peculiar  to  the 
membrane  in  the  large  intestine.  These  differences  in  structure  continue  as  far  as 
the  free  margin  of  the  valve. 

When  the  caecum  is  distended  the  margins  of  the  opening  are  approximated, 
so  as  to  prevent  any  reflux  into  the  ileum. 

The  colon  is  divided  into  four  parts — the  ascending^  transverse,  descending, 
and  the  sigmoid  flexure. 

The  ascending  colon  is  smaller  than  the  caecum.  It  passes  upward  from  its 
commencement  at  the  caecum,  opposite  the  ileo-caecal  valve,  to  the  under  surface 
of  the  liver  on  the  right  of  the  gall-bladder,  where  it  bends  abruptly  inward  to 
the  left,  forming  the  hepatic  flexure.  It  is  retained  in  contact  with  the  posterior 
wall  of  the  abdomen  by  the  peritoneum,  which  covers  its  anterior  surface  and  sides, 
its  posterior  surface  being  connected  by  loose  areolar  tissue  w^ith  the  Quadratus 
lumborum,  right  kidney,  and  descending  portion  of  the  duodenum  (Figs.  543,  544)  : 
sometimes  the  peritoneum  almost  completely  invests  it  and  forms  a  distinct 
but  narrow  meso-colon.^  It  is  in  relation,  in  front,  with  the  convolutions  of  the 
ileum  and  the  abdominal  parietes ;  behind,  it  lies  on  the  Quadratus  lumborum 
muscle  and  right  kidney  and  descending  portion  of  the  duodenum. 

The  transverse  colon,  the  longest  part  of  the  large  intestine,  passes  trans- 
versely from  right  to  left  across  the  abdomen,  opposite  the  confines  of  the  epigastric 
and  umbilical  zones,  into  the  left  hypochondriac  region,  where  it  curves  downward 
beneath  the  lower  end  of  the  spleen,  forming  the  splenic  flexure.  In  its  course 
it  describes  an  arch,  the  concavity  of  which  is  directed  backward  toward  the 
vertebral  column  ;  hence  the  name  transverse  arch  of  the  colon.  This  is  the  most 
movable  part  of  the  colon,  being  almost  completely  invested  by  peritoneum,  and 
connected  to  the  spine  behind  by  a  large  and  wide  duplicature  of  that  membrane, 
the  transverse  meso-colon.  It  is  in  relation,  by  its  upper  surface,  with  the  liver 
and  gall-bladder,  the  great  curvature  of  the  stomach,  and  the  lower  end  of  the 
spleen ;  by  its  under  surface,  with  the  small  intestines ;  by  its  anterior  surface, 
with  the  anterior  layers  of  the  great  omentum  and  the  abdominal  parietes ;  by 
its  posterior  surface,  with  the  transverse  meso-colon  and  third  portion  of  the 
duodenum. 

The  descending  colon  passes  almost  vertically  downward  through  the  left 
hypochondriac  and  lumbar  regions  to  the  upper  part  of  the  left  iliac  fossa,  where 
it  terminates  in  the  sigmoid  flexure.  It  is  retained  in  position  by  the  peritoneum, 
which  covers  its  anterior  surface  and  sides,  its  posterior  surface  being  connected 
by  areolar  tissue  with  the  left  crus  of  the  Diaphragm,  the  left  kidney,  and  the 
Qaadratus  lumborum  (Figs.  542,  543).  It  is  smaller  in  calibre  and  more  deeply 
placed  than  the  ascending  colon,  and  is  more  frequently  covered  with  peritoneum 
on  its  posterior  surface  than  the  ascending  colon  (Treves). 

The  sigmoid  flexure  is  the  narrowest  part  of  the  colon :  it  is  situated  in  the 
left  iliac  fossa,  commencing  from  the  termination  of  the  descending  colon  at  the 

^  Mr.  Treves  states  that,  after  a  careful  examination  of  one  hundred  subjects,  he  found  that  in 
fifty-two  there  was  neither  an  ascending  nor  a  descending  meso-colon.  In  twenty-two  there  was  a 
descending  meso-colon,  but  no  trace  of  a  corresponding  fold  on  the  other  side.  In  fourteen  subjects 
there  was  a  meso-colon  to  both  the  ascending  and  the  descending  segments  of  the  bowel,  while  in  the 
remaining  twelve  there  was  an  ascending  meso-colon,  but  no  corresponding  fold  on  the  left  side.  It 
follows,  tnerefore,  that  in  performing  lumbar  colotomy  a  meso-colon  may  be  expected  upon  the  left 
side  in  36  per  cent,  of  all  cases,  and  on  the  right  in  20  per  cent.  {The  ATuiUmiy  of  the  Inlestinal  CanaL 
and  Peritoneum  in  Man,  1885,  p.  55.) 
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margin  of  the  crest  of  the  itium,  and  ending  in  the  rectum  opposite  the  left  sscriv 
iliac  symphysis.     It  curves  in  the  first  place  inward,  across  the  Psoas  muscle;  ii 


Flu.  543.— magram  nt  the  relmtioni  at  the  large  InWBtlne  aud  kidney,  from  behind. 

then  descends  vertically  along  the  left  wall  of  the  pelvis,  and  finally  again  passes 
inward  to  the  left  sacro-iliac  joint,  where  it  becomes  the  rectum.  It  is  retaJDed 
in  its  place  by  a  loose  fold  of  peritoneum,  the  »egmoid  me»o-colon.  It  is  in 
relation  in  front,  with  the  small  intestines  and  abdominal  parietes.' 

'  Treves  describes  the  sigmoid  fieiure  Homcwhat  diflerentlj.     He  includes  in  his  descripdon  fi 
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The  rectmn  is  the  terminal  part  of  the  large  intestine,  and  extends  from  the 


Pro.  S44.— The  relatloTiB  ofthe  rlsc€r>  aod  laree  veraela  afthe  abdomen,    (Seen  from  behind,  the  lul  donkl 
vertebra  being  well  raised.) 

sigmoid  flexure  to  the  anus:  it  varies  in  length  from  six  to  eight  inches,  and  has 
received  its  name  from  being  less  flexuous  than  any  other  part  of  ihe  intestinal 

this  portion  of  the  bowel  the  upper  part  of  the  rectum,  and  ninkes  it   .. 
portion  of  the  aacrum.     Irmtead  of  formin);  a  signioiH  curve,  he  describes  it 
more  tike  the  Greek  letter  ^  (omega). 
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canal.  It  commences  opposite  the  left  sacro-iliac  symphysis,  passes  obliquely 
downward  from  left  to  right  to  the  middle  of  the  sacrum,  forming  a  gentle  curve 
to  the  right  side ;  it  then  descends  in  front  of  the  lower  part  of  the  sacrum  and 
coccyx,  presenting  a  curve  with  its  concavity  forward,  and  near  the  extremity  of 
the  latter  bone  inclines  backward  to  terminate  at  the  anus.  The  rectum  is, 
therefore,  not  straight,  the  upper  part  being  directed  obliquely  from  the  left  side 
to  the  median  line,  the  middle  portion  being  curved  in  the  direction  of  the  hollow 
of  the  sacrum  and  coccyx,  and  the  lower  portion  presenting  a  short  curve  in  the 
opposite  direction.  The  rectum  is  cylindrical,  not  sacculated  like  the  rest  of  the 
large  intestine ;  it  is  narrower  at  its  upper  part  than  the  sigmoid  flexure,  gradually 
increases  in  size  as  it  descends,  and  immediately  above  the  anus  presents  a 
considerable  dilatation,  capable  of  acquiring  an  enormous  size.  The  rectum  is 
divided  into  three  portions — upper,  middle,  and  lower. 

The  upper  portion^  which  includes  about  half  the  length  of  the  tube,  extends 
obliquely  from  the  left  sacro-iliac  symphysis  to  the  middle  of  the  third  piece  of 
the  sacrum.  It  is  almost  completely  surrounded  by  peritoneum,  and  connected  to 
the  sacrum  behind  by  a  duplicature  of  that  membrane,  the  meso-rectum.  It  is  in 
relation,  behind,  with  the  Pyriformis  muscle,  the  sacral  plexus  of  nerves,  and  the 
branches  of  the  internal  iliac  artery  of  the  left  side,  which  separate  it  from  the 
sacrum  and  sacro-iliac  symphysis ;  in  front,  it  is  separated,  in  the  male,  from 
the  posterior  surface  of  the  bladder ;  in  the  female,  from  the  posterior  surface  of 
the  uterus  and  its  appendages  by  some  convolutions  of  the  small  intestine. 

The  middle  portion  of  the  rectum  is  about  three  inches  in  length,  and  extends 
as  far  as  the  tip  of  the  coccyx.  It  is  closely  connected  to  the  concavity  of  the 
sacrum,  and  covered  by  peritoneum  only  on  the  upper  part  of  its  anterior  surface. 
It  is  in  relation,  in  front,  in  the  male,  with  the  triangular  portion  of  the  base  of 
the  bladder,  the  vesiculse  seminales,  and  vasa  deferentia  ;  more  anteriorly,  with  the 
under  surface  of  the  prostate.  In  the  female,  with  the  posterior  wall  of  the  vagina, 
to  which  it  is  adherent. 

The  lower  portion  is  about  an  inch  or  an  inch  and  a  half  in  length :  it  ounces 
backward  at  the  fore  part  of  the  prostate  gland  and  terminates  at  the  anus.     This 

fortion  of  the  intestine  receives  no  peritoneal  covering.  It  is  invested  by  the 
nternal  sphincter,  supported  by  the  Levatores  ani  muscles,  and  surrounded  at 
its  termination  by  the  External  sphincter.  In  the  male  it  is  separated  from  the 
membranous  portion  and  bulb  of  the  urethra  by  a  triangular  space,  and  in  the 
female  a  similar  space  intervenes  between  it  and  the  vagina.  The  base  of  this 
space  forms  the  perinseum.  The  rectum  in  the  female  is  more  capacious  and  less 
curved  than  in  the  male. 

Structure. — The  large  intestine  has  four  coats — serous,  muscular,  areolar,  and 
mucous. 

The  serous  coat  is  derived  from  the  peritoneum,  and  invests  the  different  portions 
of  the  large  intestine  to  a  variable  extent.  The  caecum  is  completely  covered  by 
the  serous  membrane.  The  ascending  and  descending  colon  are  usually  covered 
only  in  front.^  The  transverse  colon  is  almost  completely  invested,  the  parts 
corresponding  to  the  attachment  of  the  great  omentum  and  transverse  meso-colon 
being  alone  excepted.  The  sigmoid  flexure  is  nearly  completely  surrounded,  the 
point  corresponding  to  the  attachment  of  the  sigmoid  meso-colon  being  excepted. 
The  upper  part  of  the  rectum  is  almost  completely  invested  by  the  peritoneum : 
the  middle  portion  is  covered  only  on  its  anterior  surface,  and  the  lower  portion  is 
entirely  devoid  of  any  serous  covering.  In  the  course  of  the  coloii  and  upper  part 
of  the  rectum  the  peritoneal  coat  is  thrown  into  a  number  of  small  pouches  filled 
with  fat,  called  appendices  epiploicoe.  They  are  chiefly  appended  to  the  transverse 
colon. 

The  muscular  coat  consists  of  an  external  longitudinal  and  an  internal  circular 
laver  of  muscular  fibres. 

The  longitudinal  fibres^  although  found  to  a  certain  extent  all  round  the  intes- 

^  See  foot-note,  page  941. 
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tine,  do  not  form  a  uniform  layer  over  the  whole  surface  of  the  large  intestine.  In 
the  caecum  and  colon  they  are  especially  collected  into  three  flat  longitudinal  bands, 
each  being  about  half  an  inch  in  width.  These  bands  commence  at  the  attachment 
of  the  appendix  vermiformis  to  the  caecum :  one,  the  posterior,  is  placed  along  the 
attached  border  of  the  intestine ;  the  anterior  band,  the  largest,  corresponds  along 
the  arch  of  the  colon  to  the  attachment  of  the  great  omentum,  but  is  in  front  in 
the  ascending  and  descending  colon  and  sigmoid  flexure ;  the  third,  or  lateral  band, 
is  found  on  the  inner  side  of  the  ascending  and  descending  colon  and  on  the  under 
border  of  the  transverse  colon.  These  bands  are  nearly  one-half  shorter  than  the 
other  parts  of  the  intestine,  and  serve  to  produce  the  sacculi  which  are  characteristic 
of  the  caecum  and  colon ;  accordingly,  when  they  are  dissected  off,  the  tube  can  be 
lengthened,  and  its  sacculated  character  becomes  lost.  In  the  sigmoid  flexure  the 
longitudinal  fibres  become  more  scattered,  but  upon  its  lower  part  and  round  the 
rectum  they  spread  out  and  form  a  thick  uniform  layer. 

The  circular  fibres  form  a  thin  layer  over  the  caecum  and  colon,  being  especially 
accumulated  in  the  intervals  between  the  sacculi ;  in  the  rectum  they  form  a  thick 
layer,  especially  at  its  lower  end,  where  they  become  numerous  and  form  the  Internal 
sphincter. 

The  areolar  coat  connects  the  muscular  and  mucous  layers  closely  together. 

The  miLcous  membrane  in  the  caecum  and  colon  is  pale,  and  of  a  grayish  or  pale 
yellow  color.  It  is  quite  smooth,  destitute  of  villi,  and  raised  into  numerous  cres- 
centic  folds  which  correspond  to  the  intervals  between  the  sacculi.  In  the  rectum 
it  is  thicker,  of  a  darker  color,  more  vascular,  and  connected  loosely  to  the  muscular 
coat,  as  in  the  oesophagus.  When  the  lower  part  of  the  rectjam  is  contracted,  its 
mucous  membrane  is  thrown  into  a  number  of  folds,  some  of  which,  near  the  anus, 
are  longitudinal  in  direction  and  are  effaced  by  the  distension  of  the  gut.  Besides 
these  there  are  certain  permanent  folds,  of  a  semilunar  shape,  known  as  Houston's 
valves.*  They  are  usually  three  in  number ;  sometimes  a  fourth  is  found,  and 
occasionally  only  two  are  present.  One  is  situated  near  the  commencement  of  the 
rectum,  on  the  right  side ;  another  extends  inward  from  the  left  side  of  the  tube, 
opposite  the  middle  of  the  sacrum ;  the  largest  and  most  constant  one  projects  back- 
ward from  the  fore  part  of  the  rectum,  opposite  the  base  of  the  bladder.  When  a 
fourth  is  present,  it  is  situated  about  an  inch  above  the  anus  on  the  back  of  the 
rectum.  These  folds  are  about  half  an  inch  in  width,  and  contain  some  of  the 
circular  fibres  of  the  gut.  In  the  empty  state  of  the  intestine  they  overlap  each 
other,  as  Mr.  Houston  remarks,  so  effectually  as  to  require  considerable  manoeuvring 
to  conduct  a  bougie  or  the  finger  along  the  canal  of  the  intestine.  Their  use  seems 
to  be  "  to  support  the  weight  of  faecal  matter,  and  prevent  its  urging  toward  the 
anus,  where  its  presence  always  excites  a  sensation  demanding  its  discharge.*' 

As  in  the  small  intestine,  the  mucous  membrane  consists  of  a  muscular  layer, 
the  muscularis  mucosae ;  of  a  quantity  of  retiform  tissue,  in  which  the  vessels 
ramify;  of  a  basement  membrane  and  epithelium,  which  is  of  the  columnar 
variety  and  exactly  resembles  the  epithelium  found  in  the  small  intestine.  The 
mucous  membrane  of  this  portion  of  the  bowel  presents  for  examination  simple 
follicles  and  solitary  glands. 

The  simple  follicles  are  minute  tubular  prolongations  of  the  mucous  membrane, 
arranged  perpendicularly,  side  by  side,  over  its  entire  surface ;  they  are  longer, 
more  numerous,  and  placed  in  much  closer  apposition  than  those  of  the  small 
intestine,  and  they  open  by  minute  rounded  orifices  upon  the  surface,  giving  it  a 
cribriform  appearance. 

The  solitary  glands  (Fig.  545)  in  the  large  intestine  are  most  abundant  in  the 
ccecum  and  appendix  vermiformis^  but  are  irregularly  scattered  also  over  the  rest 
of  the  intestine.     They  are  similar  to  those  of  the  small  intestine. 

Vessels  and  Nerves. — The  arteries  supplying  the  large  intestine  give  off  large 
branches,  which  ramify  between  the  muscular  coats,  supplying  them,  and,  after 
dividing  into  small  vessels  in  the  submucous  tissue,  pass  to  the  mucous  membrane. 

*  Dublin  Hoiq).  Reports,  vol.  v.  p.  163. 
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In  the  lower  part  of  the  rectum,  howfever,  the  arrangement  is  soiuewbat  different. 
Here  the  vessels  run  in  a  longitudinal  direction,  parallel  with  each  other,  to  the 
external  orifice,  where  they  are  joined  by  I^rge  transverse  branches.  In  their 
course  they  communicate  with  each  other.  The  veins  of  the  rectum  form  an 
intricate  interlacement  (the  hemorrhoidal  plexitg),  and,  pursuing  from  it  a  longitu- 
dinal course  similar  to  the  arteries,  empty  themselves  partly  into  the  internal  iliac 
vein  (systemic  circulation)  and  partly  into  the  inferior  mesenteric  vein  (portal 
circulation).  The  nerves  are  derived  from  the  plexuses  of  the  sympathetic  nerve 
around  the  branches  of  the  superior  and  inferior  mesenteric  arteries  that  are 


I.ititrtiUai'i  toaula. 


distributed  to  the  targe  intestine.     They  are  distributed  in  a  similar  way  as  those 
in  the  small  intestine. 


Bnr&ce  Form. — The  coils  of  ihe  small  intestine  occuiiy  the  front  of  the  abdomen  below  the 
culuii,  and  are  covered  more  or  less  completely  by  the  great  omentum.     For  the  d 


part  the  coils  of  the  jejunum  occupy  the  left  side  of  the  abdominal  cavity— i.  e.  the  left  lumbar 
and  inguinal  regions  and  the  left  half  of  the  umbilical  region — whilst  the  coils  of  the  ileum  are 
situated  to  the  right,  in  the  ri^fht  lutiibar  and  inguinal  regions,  in  the  right  half  of  the  umbilical 
region,  and  also  the  hypogastrio.  The  ewciim  is  situated  in  the  right  inguinal  region.  Its  poa- 
tion  varies  slightly,  but  the  mid-point  of  a  line  drawn  from  the  anterior  superior  R]>inous  process 
of  the  ilium  to  the  siTuphysis  pubis  will  about  mark  the  middle  of  its  lower  border.  It  is  com- 
paratively supcrfieial.  From  it  the  ascending  colon  passes  upward  through  the  right  lumbar 
and  hypochondriac  regions,  and  becomes  more  deeply  situated  aa  it  ascends  to  the  hepatic  flesure. 
which  IS  deeply  placed  uniler  cover  of  the  liver.  The  transverse  colon  crosses  the  belly  trans- 
versely on  the  confines  of  the  umbilical  and  epigastric  regions,  its  lower  bonier  being  un  a  level 
slightly  above  the  umbilicus,  \\a  upper  border  just  below  the  greater  ciin-ature  of  the  atomocb. 
The  splenic  flexure  of  the  colon  is  situated  behind  the  stomach  in  the  left  h\'pochondriiim.  and 
is  on  a  higher  level  than  the  hepatic  flexure.  The  descending  colon  is  deeply  seated,  pasiiing 
down  through  the  letV  hypcwhondriac  and  lumbar  regions  to  the  sigmoid  flexure,  which  is  situ- 
ated in  the  left  inguinal  regions,  and  which  can  be  felt  in  thin  peraons,  with  relaxed  abdominal 
walls,  rolling  under  the  fiugers  when  empty,  and  when  distends  forming  a  distinct  tumor. 

Surgical  Anatomy. — The  small  intestines  are  much  exposed  to  injuiy,  but^  in  conserguenee 
of  their  elasticity  and  the  ease  with  which  one  fold  glides  over  another,  they  are  not  so  trvquently 
ruptured  »a  would  otherwise  be  the  case.     Any  part  of  the  small  intestine  may  be  niutiired,  but 

Srolmbly  the  most  common  situation  is  the  transverse  duodenum,  on  account  of  its  being  more 
xed  than  other  portions  of  the  bowel,  and  because  it  is  situated  in  front  of  the  bodies  of  the 
vertebrae,  so  that  if  this  portion  of  the  abdomen  is  struck  by  a  sharp  blow,  as  from  the  kick  of 
a  horse,  it  is  unable  to  glide  out  of  the  way,  but  is  compressed  apainst  the  bone  and  so  lacerated. 
Wounds  of  the  intestine  sometimes  occur.  If  the  wound  is  a  small  puncture,  under,  it  is  said, 
three  lines  in  length,  no  extravasation  of  the  contents  of  the  bowel  takes  place.  The  mucous 
niemhranc  bcit>nies  everted  and  plugs  the  Uitle  opening.  The  bowels,  therefore,  may  be  safely 
punctured  with  a  fine  capillary  trocar,  in  cases  of  excessive  distension  of  the  intestine  with  gas. 
without  fear  of  extravasation.  A  longitudinal  wound  gapes  more  than  a  transverse,  owing  to 
the  greater  amount  of  circular  muscular  fibres.  Tlie  small  intestine,  and  most  fre*]ucntly  the 
ileum,  may  become  stranijulaied  by  internal  bands,  or  through  apertures,  normal  or  abnormal. 
The  bands  may  be  formed  in  several  different  ways:  they  may  he  old  peritoneal  adhesions  &om 
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previous  attacks  of  peritonitis ;  or  an  adherent  omentum  irom  the  same  cause ;  or  the  band 
may  be  formed  by  MeckeFs  diverticulum,  which  has  contracted  adhesions  at  its  distal  extremity ; 
or  the  band  may  be  the  result  of  the  abnormal  attachment  of  some  normal  structure,  as  the 
adhesion  of  two  apjpendices  epiploicse,  or  an  adherent  vermiform  appendix  or  Fdlopian  tube. 
Intussusception  or  mvagination  of  the  small  intestine  may  take  place  m  any  part  of  the  jejunum 
and  ileum,  but  the  most  freouent  situation  is  at  the  ileo-caacal  valve,  the  valve  forming  the  apex 
of  the  entering  tube.  This  form  may  attain  great  size,  and  it  is  not  uncommon  in  these  cases  to 
find  the  valve  projecting  from  the  anus.  Stricture,  the  impaction  of  foreign  bodies,  and  twist- 
ing of  the  gut  (volmdux)  may  lead  to  intestinal  obstruction. 

Foreign  bodies  and  small  hardened  masses  of  faecal  matter  are  very  liable  to  become  lodged 
in  the  vermiform  ap^ndix.  Here  they  set  up  inflammation,  often  cause  perforation  of  the 
appendix  and  formation  of  abscess  in  the  loose  connective  tissue  around.  This  may  require 
operative  interference,  and  in  some  cases  of  recurrent  attacks  of  appendicitis  this  little  divertic- 
ulum of  the  bowel  has  been  removed.  In  external  hernia  the  ileum  is  the  ]3ortion  of  bowel 
most  frequently  herniated.  When  a  part  of  the  large  intestine  is  involved,  it  is  usually  the 
cascum,  and  this  may  occur  even  on  the  left  side.  In  some  few  cases  the  vermiform  appendix 
has  been  the  part  implicated  in  cases  of  strangulated  hernia,  and  has  given  rise  to  serious  symp- 
toms of  obstruction.  Occasionally  ulceration  of  the  duodenal  glands  may  occur  in  cases  of  burns, 
but  is  not  a  very  common  complication.  The  ulcer  may  perforate  one  of  the  large  duodenal 
vessels,  and  may  cause  death  from  haemorrhage,  or  it  may  perforate  the  coats  of  the  intestine 
and  produce  fatal  acute  peritonitis.  The  diameter  of  the  large  intestine  gradually  diminishes 
from  the  caecum,  which  has  the  greatest  diameter  of  any  part  of  the  bowel  to  the  point  of 
junction  of  the  sigmoid  flexure  with  the  rectum,  at  or  a  little  below  which  point  stricture  most 
commonly  occurs  and  diminishes  in  frequency  as  one  proceeds  upward  to  tne  caecum.  When 
distended  by  some  obstruction  low  down,  the  outline  of  the  large  intestine  can  be  defined 
throughout  nearly  the  whole  of  its  course — all,  in  fact,  except  the  hepatic  and  splenic  flexures, 
which  are  more  deeply  placed ;  the  distension  is  most  obvious  in  the  two  flanks  and  on  the  front 
of  the  abdomen  just  above  the  umbilicus.  The  caecum,  however,  is  that  portion  of  the  bowel 
which  is,  of  all,  most  distended.  It  sometimes  assumes  enormous  dimensions,  and  has  been 
knowTi  to  be  perforated  from  the  pressure,  causing  fatal  peritonitis.  The  hepatic  flexure  and 
the  ri.a:ht  extremity  of  the  transverse  colon  is  in  close  relationship  with  the  liver,  and  abscess  of 
this  viscus  sometimes  bursts  into  the  gut  in  this  situation.  The  gall-bladder  may  become  adherent 
to  the  colon,  and  gall-stones  may  find  their  way  through  into  the  gut,  where  they  may  become 
impacted  or  may  be  discharged  per  anum.  The  mobility  of  the  sigmoid  flexure  renders  it  more 
liaole  to  become  the  seat  of  a  volvulus  or  twist  than  any  other  part  of  the  intestine.  It  gener- 
ally occurs  in  patients  who  have  been  the  subjects  of  habitual  constipation,  and  in  whom,  there- 
fore, the  meso-sigmoid  flexure  is  elongated.  The  gut  at  this  part  being  loaded  with  faeces,  from 
its  weight  falls  over  the  gut  below,  and  so  gives  rise  to  the  twist. 

The  surgical  anatomy  of  the  rectum  is  of  considerable  importance.  There  may  be  congen- 
ital malformation  due  to  arrest  or  imperfect  development.  Thus,  there  may  be  no  inflection  of 
the  epiblast  (see  page  134),  and  consequently  a  complete  absence  of  the  anus;  or  the  hind-gut 
may  be  imperfectly  developed,  and  there  may  be  an  absence  of  the  rectum,  though  the  anus  is 
developed ;  or  the  inflection  of  the  epiblast  may  not  communicate  with  the  termination  of  the 
hind-gut  from  want  of  solution  of  continuity  in  the  septum  which  in  early  foetal  life  exists 
between  the  two.  The  mucous  membrane  is  thick  and  out  loosely  connected  to  the  muscular 
coat  beneath,  and  thus  favors  prolapse,  especially  in  children.  The  vessels  of  the  rectum  are 
arranged,  as  mentioned  above,  longitudinally,  and  are  contained  in  the  loose  cellular  tissue  between 
the  mucous  and  muscular  coats,  and  receive  no  support  from  surrounding  tissues,  and  this  favors 
varicosity.  Moreover,  the  blood  from  these  vessels  is  returned  into  the  general  circulation 
through  two  distinct  channels — ^part  through  the  sjrstemic  system  and  part  through  the  portal 
system — so  that  they  may  be  said  to  be  placed  between  the  portal  and  systemic  circulations,  and 
tiius  predisposed  to  congestion  and  consequent  dilatation.  In  addition  to  this,  there  are  no 
valves  in  the  superior  haemorrhoidal  veins,  and  the  vessels  of  the  rectum  are  placed  in  a  depend- 
ent position,  and  are  liable  to  be  pressed  upon  and  obstructed  by  hardened  faeces.  The  anatom- 
ical arrangement,  therefore,  of  the  haemorrhoidal  vessels  explains  the  great  tendency  to  the 
occurrence  of  piles.  Again,  the  presence  of  the  Sphincter  ani  is  of  surgical  importance,  since 
it  is  the  constant  contraction  of  this  muscle  which  prevents  an  ischio-rectal  abscess  from  healing 
and  causes  it  to  become  a  fistula.  Also,  the  reflex  contraction  of  this  muscle  is  the  cause  of  the 
severe  pain  complained  of  in  fissure  of  the  anus.  The  relations  of  the  peritoneum  to  the  rectum 
are  of  importance  in  connection  with  the  operation  of  removal  of  the  lower  end  of  the  rectum 
for  maliernant  disease.  This  membrane  gradually  leaves  the  rectum  as  it  descends  into  the 
pelvis ;  first  leaving  its  posterior  surface,  then  the  sides,  and  then  the  anterior  surface  to  become 
reflected  in  the  male  on  to  the  posterior  wall  of  the  bladder,  forming  the  recto-vesical  pouch,  and 
in  the  female  on  to  the  posterior  wall  of  the  vagina,  forming  Douglas's  pouch.  The  recto-vesical 
pouch  of  peritoneum  extends  to  within  three  and  a  half  or  four  inches  from  the  anus,  so  that  it 
IS  not  safe  to  remove  more  than  three  inches  of  the  entire  circumference  of  the  bowel  for  fear 
of  the  risk  of  opening  the  peritoneum.  When,  however,  the  disease  is  confined  to  the  posterior 
surface  of  the  rectum,  or  extends  farther  in  this  direction,  a  greater  amount  of  the  iwstcrior 
wall  of  the  gut  may  be  removed,  as  the  peritoneum  does  not  ext/cnd  on  this  surface  to  a  lower 
level  than  five  inches  from  the  margin  oi  the  anus.  The  recto- vaginal  or  Douglas's  pouch  in 
the  female  extends  somewhat  lower  than  the  recto-vesical  pouch  of  the  male,  and  therefore  it  is 
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necessary  to  remove  a  less  length  of  the  tube  in  this  sex.'  Upon  introdacing  the  finger  into  the 
rectum  the  membranous  portion  of  the  urethra  can  be  felt,  if  an  instrument  has  been  introduced 
into  the  bladder,  exactly  m  the  middle  hne ;  behind  this  the  prostate  gland  can  be  recognised 
by  its  shape  and  hardness  and  any  enlargement  detected;  behmd  the  prostate  the  fluctuating 
wall  of  the  bladder  when  full  can  be  felt,  and  if  thought  desirable  it  can  be  tapped  in  this  situ- 
ation ;  on  either  side  and  behind  the  prostate  the  vesiculse  seminales  can  be  readily  f«lt,  espe- 
cially if  enlarged  by  tubercular  disease.  Behind,  the  coccyx  is  to  be  felt,  and  on  the  mucous 
membrane  one  or  two  of  Houston's  folds.  The  ischio-rectal  fossaei  can  be  explored  on  either 
side,  with  a  view  to  ascertaining  the  presence  of  deep-seated  collections  of  pus.  Finally,  it  will 
be  noted  that  the  finger  is  firmly  gripped  by  the  sphmcter  for  about  an  inch  up  the  bowel 

By  gradual  dilatation  of  the  sphincter  the  whole  hand  (»n  be  introduced  mto  the  rectum  so 
as  to  reach  the  descending  colon.  This  method  of  exploration  is  rarely,  however,  required  for 
diagnostic  purposes. 

The  colon  frequently  requires  opening  in  cases  of  intestinal  obstruction,  the  descending  colon 
being  usu^ly  the  portion  of  oowel  selected  for  this  operation.  The  operation  of  colotomy  may 
be  performed  either  without  opening  the  peritoneum  bv  an  incision  in  the  loin  (lumbar  colotomy). 
or  by  an  opening  through  the  peritoneum  (inguinal  colotomy).  Lumbar  colotomy  is  performed 
by  placing  the  patient  on  the  side  opposite  to  the  one  to  be  operated  on,  with  a  firm  piUow  under 
the  loin.  A  line  is  then  drawn  from  the  anterior  superior  to  the  posterior  superior  spine  of  the 
ilium,  and  the  mid-point  of  this  line  (Heath)  or  halt  an  inch  behind  the  mid-point  (Allingham) 
is  taken,  and  a  line  drawn  vertically  upward  from  it  to  the  last  rib.  This  line  represents,  with 
sufficient  correctness,  the  position  of  the  normal  colon.  An  oblique  incision  four  inches  in  length 
is  now  made  midway  between  the  last  rib  and  the  crest  of  the  ilium,  so  that  its  centre  bisects 
the  vertical  line,  and  the  following  parts  successively  divided :  (1)  Tne  skin,  superficial  fascia, 
with  cutaneous  vessels  and  nerves  and  deep  fascia.  (2)  The  posterior  fibres  or  the  External 
oblic[ue  and  anterior  fibres  of  the  Latissimus  dorsi.  (3)  The  Internal  oblique.  (4)  The  lumbar 
fascia  and  the  external  border  of  the  Quadratus  lumborum.  The  edges  of  the  wound  are  now 
to  be  held  apart  with  retnictors,  and  the  transversalis  fascia  will  be  exposed.  Tliis  is  to  be 
opened  with  care,  commencing  at  the  posterior  angle  of  the  incision.  If  tne  bowel  is  distended, 
it  will  bulge  into  the  wound,  and  no  difficulty  will  De  found  in  dealing  with  it  If,  however,  the 
gut  is  empty,  this  bulging  will  not  take  place,  and  the  colon  will  have  to  be  sought  for.  The 
guides  to  It  are  the  lower  end  of  the  kidney,  which  will  be  plainly  felt,  and  the  outer  edge  of 
the  Quadratus  lumborum.  The  bowel  having  been  found,  is  to  be  drawn  well  up  into  the 
wound,  and  it  may  be  opened  at  once  and  the  margins  of  the  openings  stitched  to  the  skin  at 
the  edge  of  the  wound ;  or,  if  the  case  is  not  an  urgent  one,  it  mav  be  retained  in  this  position 
by  two  harelip  pins  passed  through  the  muscular  coat,  the  rest  or  the  wound  closed,  and  the 
bowel  opened  in  three  or  four  days,  when  adhesion  of  the  bowel  to  the  edges  of  the  wound  has 
taken  place. 

Inguinal  colotomy  is  preferred  by  many  surgeons  in  those  cases  where  there  is  no  urgent 
obstruction,  and  where,  therefore,  there  is  no  necessity  to  open  the  bowel  at  once.  The  main 
reason  for  preferring  this  operation  is  that  a  spur-shaped  process  of  the  meso-colon  can  be  formed 
which  prevents  any  faecal  matter  finding  its  w^  past  the  artificial  anus  and  becoming  lodged  on 
the  diseased  structures  below.  The  sigmoid  flexure  being  almost  entirely  surrounded  by  peri- 
toneum, a  coil  can  be  drawn  out  of  the  wound  and  the  greater  part  of  its  calibre  removed,  leav- 
ing the  remainder  attached  to  the  meso-colon,  which  forms  a  spur,  much  the  same  as  in  an 
artificial  anus  caused  by  sloughing  of  the  gut  after  a  strangulated  nemia,  and  this  prevents  any 
faecal  matter  finding  its  way  from  the  gut  above  the  opening  into  that  below.  The  operation  is 
performed  by  making  an  incision  two  or  three  inches  in  length  from  a  point  one  inch  internal  to 
the  anterior  superior  spinous  process  of  the  ilium,  parallel  to  Poupart's  ligament.  The  various 
layers  of  abdominal  muscles  are  cut  through,  ana  the  peritoneum  opened  and  sewn  to  the 
external  skin.  The  sifirmoid  flexure  is  now  sought  for,  and  pulled  out  of  the  wound  and  fixed  by 
passing  a  needle  threaaed  with  carbolized  silk  through  the  meso-colon  close  to  the  gut  and  then 
through  the  abdominal  wall.  The  intestine  is  now  sewn  to  the  skin  all  round,  the  suture  passing 
only  through  the  serous  and  muscular  coats.  The  wound  is  dressed,  and  on  the  second  to  the 
fourth  day,  according  to  the  requirements  of  the  case,  the  protruded  ooil  of  intestine  is  opened 
and  removed  with  scissors. 

THE  LIVEB. 

The  Liver  is  a  glandular  organ  of  large  size,  intended  mainly  for  the  secretion 
of  the  bile,  but  effecting  also  important  changes  in  certain  constituents  of  the  blood 
in  their  passage  through  the  gland.  It  is  situated  in  the  right  hypochondriac  and 
epigastric  regions,  but  in  the  child  extends  across  the  epigastrium  into  the  left 
hypochondrium.  It  is  the  largest  gland  in  the  body,  weighing  from  three  to  four 
pounds  (from  fifty  to  sixty  ounces  avoirdupois).  It  measures  in  its  transverse 
diameter  from  ten  to  twelve  inches,  from  six  to  seven  in  its  antero-posterior,  and 
is  about  three  inches  thick  at  the  back  part  of  the  right  lobe,  which  is  the  thickest 
part. 

^  Allingham  says  one  inch  less  in  the  female. 
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Its  upper  or  diaphragmatic  surface  is  convex,  directed  upward  and  forward, 
smooth,  covered  by  peritoneum.  It  is  in  relation  with  the  under  surface  of  the 
Diaphragm,  and  below,  to  a  small  extent,  with  the  abdominal  parietes.  The  sur- 
face is  divided  into  two  unequal  lobes,  the  right  and  left,  by  a  fold  of  peritoneum, 
[be  suspensort/  or  broad  ligament.  It  presents  on  the  left  lobe  a  shallow  depres- 
sion corresponding  to  the  heart. 

Its  under  or  visceral  surface  is  concave,  directed  downward  and  backward,  and 
is  la  relation  with  the  stomach  and  duodenum,  the  hepatic  flexure  of  the  colon. 
and  the  right  kidney  and  suprarenal  capsule.  The  surface  is  divided  by  a  longi- 
tudinal fissure  into  a  right  and  left  lohe. 

The  posterior  surface  is  rounded  and  broad  over  the  right  lobe,  but  nan-ow  on 
the  left.  To  the  right  it  is  not  covered  by  peritoneum,  and  is  in  contact  with  the 
Diaphragm  and  posterior  wall  of  the  abdomen,  and  is  marked  off  from  the  upper 
surface  by  the  line  of  reflection  of  the  peritoneum  from  the  under  surface  of  the 
Diaphragm  to  the  upper  surface  of  the  liver,  while  it  is  marked  off  from  the 
under  surface  of  the  liver  hy  the  line  of  reflection  of  peritoneum  from  the  pos- 
terior portion  of  the  Diaphragm  on  to  the  liver,  which  here  forms  the  inferior 
layer  of  the  coronary  ligament.  In  its  centre  this  posterior  surface  is  deeply 
notched  for  the  vertebral  column,  and  to  the  right  of  this  it  is  grooved  for  the 
inferior  vena  cava,  which  ia  partly  imbedded  in  its  substance.  Close  to  the  right 
of  the  vein  ia  a  slight  depression  for  the  right  suprarenal  capsule.  To  the  left 
of  the  vena  cava  is  the  lobus  Spigelii,  and  to  the  left  of  this  a  groove  indicating 
the  position  of  the  (esophageal  orifice  of  the  stomach, as  well  as  the  fissure  of  the 
ductus  venosus. 

The  anterior  border  is  thin  and  sharp,  and  marked  opposite  the  attachment  of 
the  longitudinal  ligament  by  a  deep  notch,  and  opposite  the  cartilage  of  the  ninth 
rib  by  a  second  notch  for  the  fundus  of  the  gall-bladder.  In  adult  males  this 
border  usually  corresponds  with  the  margin  of  tne  ribs,  hut  in  women  and  children 
it  usually  projects  below  the  ribs. 

The  right  extremity  of  the  liver  \s  thick  and  rounded,  whilst  the  left  is  thin  and 
flattened. 

Ligaments. — The  ligaments  of  the  liver  (Fig-  ^6)  are  five  in  number,  four 
being  formed  of  folds  of  peritoneum;   the  fifth,  the  ligamerUum  teres,  is  a  round 


fibrous  cord  resulting  from  the  obliteration  of  the  umbilical  vein.     The  ligaments 
are  the  longitudinal,  two  lateral,  coronary,  and  round. 

The  longitudinal  ligament  (broad,  falciform,  or  suspensory  ligament)  is  a  broad 
and  thin  antero-posterior  peritoneal  fold,  falciform  in  shape,  its  base  being  directed 
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forward,  its  apex  backward.  It  ia  attached  by  one  margin  to  the  under  surface  of 
the  Diaphragm  and  the  poBterior  surface  of  tlie  sheath  of  the  Right  rectus  muBcle 
as  low  dowu  as  the  umbilicus;  by  its  hepatic  margin  it  extends  from  the  notch  on 
the  anterior  margin  of  the  liver  a^  far  back  aeits  posterior  surface.  It  consists  of 
two  layers  of  peritoneum  closely  united  together.  Its  free  edge  contains  the 
round  ligament  between  its  layers. 

The  latitat  ligaments,  two  in  number,  right  and  left,  are  triangular  in  shape. 
They  are  formed  of  two  layers  of  peritoneum  united,  and  extend  from  the  sides  of 
the  Diaphragm  to  the  extremities  of  the  posterior  surface  of  the  organ.  The 
left  is  the  longer  of  the  two,  and  lies  in  front  of  the  oesophageal  opening  in  the 
Diaphragm. 

The  coronarif  ligament  connects  the  posterior  surface  of  the  liver  to  the  Dia- 
phragm. It  is  formed  by  the  reflection  of  the  peritoneum  from  the  Diaphragm  on 
to  the  upper  and  lower  margins  of  the  posterior  surface  of  the  organ.  The  coronary 
ligament  consists  of  two  layers,  which  are  continuous  on  each  aide  with  the  lateral 
ligaments,  and   in  front  with  the  longitudinal  ligament.     Between  the  layers  a 
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large  oval  space  is  left  uncovered  by  peritoneum,  and  ia  connected  to  the  Diai>hragm 
by  lirm  areolar  tiaaue. 

The  round  ligament  {Fig.  546)  ia  a  fibroua  cord  reaulting  from  the  obliteration 
of  the  umbilical  vein.  It  aacends  from  the  umbilicus,  in  the  anterior  free  margin 
of  the  longitudinal  ligament,  to  the  notch  in  fbe  anterior  border  of  the  liver,  from 
which  it  may  be  traced  along  the  longitudinal  fissure  on  the  under  surface  of  the 
liver  as  far  back  as  ibe  inferior  vena  cava, 

PiSBUies  (Fig.  547). — Five  fissurea  are  seen  upon  the  under  and  posterior  stirfaces 
of  the  liver,  which  serve  to  divide  it  into  five  lobes.  They  are  the  longitudinal 
fissure,  the  fiaaure  of  the  ductus  venosua.  the  transverse  fissure,  the  fissure  for  the 
gall-bladder,  and  the  fissure  for  the  inferior  vena  cava.  They  are  arranged  in  the 
form  of  the  letter  A.  the  ape.\  of  the  letter  corresponding  to  the  posterior  surface 
of  the  liver,  its  base  to  the  anterior  free  border.  The  connecting  bar  would 
represent  the  transverse  fissure;  tbe  two  converging  limbs  posterior  to  this  would 
repre-sent.  the  h'ft  one  the  fissure  for  the  ductus  venosus;  the  right  one  the  fissure 
for  the  inferior  vena  cava ;  tbe  two  diverging  limba  anterior  to  the  cross-bar 
would  represent  the  umbilical  fissure  {left)  and  the  fissure  for  the  gall-bladder 
(right). 

The  longitudinal  jiuurc  ia  s.  deep  groove  which  extends  from  the  notch  on  the 
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r  margin  of  the  liver  to  the  posterior  surface  of  the  organ.  It  separates 
the  right  and  left  lobes ;  the  transverse  fissure  joins  it,  at  right  angles,  about  one- 
third  from  its  posterior  extremity,  and  divides  it  into  two  parts.  The  anterior  half 
is  called  the  umbilical  fiBgure  ;  it  is  deeper  than  the  posterior  part,  and  lodges  the 
umbilical  vein  in  the  foetus  or  its  remains  (the  round  ligament)  in  the  adult.  This 
fissure  is  often  partially  bridged  over  by  a  prolongation  of  the  hepatic  substance, 
the  pong  hepati». 

rhe^«#«re  of  the  ductus  venostu  is  the  back  part  of  the  longitudinal  fissure, 
and  is  situated  partly  on  the  posterior  surface  of  the  liver ;  it  is  shorter  and 
shallower  than  the  anterior  portion.  It  lodges  in  the  ftetus  the  ductus  venosus, 
and  in  the  adult  a  slender  fibrous  cord,  the  obliterated  remains  of  that  vessel. 

The  irangverae  or  portal  fixture  is  a  short  but  deep  fissure,  about  two  inches 
in  length,  extending  transversely  across  the  under  surface  of  the  right  lobe,  nearer 
to  its  posterior  surface  than  its  anterior  border.     It  joins,  nearly  at  right  angles, 
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with  the  longitudinal  fissure.  By  the  older  anatomists  this  fissure  was  considered 
the  gateway  (porta)  of  the  liver;  honee  the  large  vein  which  enters  at  this  point 
was  called  the  portal  vein.  Besides  this  vein,  the  fissure  transmits  the  hepatic 
artery  and  nerves  and  the  hepatic  duct  and  lymphatics.  At  their  entrance  into 
the  fissure  the  hepatic  duct  lies  in  front  and  to  the  right,  the  hepatic  artery  to  the 
left,  and  the  portal  vein  behind  and  between  the  duct  and  artery. 

The  ji»»ure  for  the  gall-bladder  {fossa  cy&tis  fellea-)  is  a  shallow  oblong  fossa 
placed  on  the  under  surface  of  the  right  lohe  parallel  with  the  longitudinal  fissure. 
It  extends  from  the  anterior  free  margin  of  the  liver,  which  is  occasionally  notched 
for  its  reception,  to  near  the  right  extremity  of  the  transverse  fissure. 

The  fissure  for  the  inferior  vena  cava  is  a  short  deep  fissure,  occasionally  a 
complete  canal,  which  extends  obliquely  upward  from  a  little  behind  the  right 
extremity  of  the  transverse  fissure  on  to  the  posterior  surface  of  the  liver,  where 
it  joins  the  fissure  for  the  ductus  venosus.  On  slitting  open  the  inferior  vena 
cava  which  is  contained  in  it,  a  deep  fossa  is  seen,  at  the  bottom  of  which  the 
hepatic  veins  communicate  with  this  vessel.  This  fissure  is  separated  from  the 
transverse  fissure  by  the  lobus  caudatus,  and  from  the  longitudinal  fissure  by  the 
lobulus  Spigelii. 
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Lobes. — The  lobes  of  the  liver,  like  the  ligaments  and  fissures,  are  five  in 
number — the  right  lobe,  the  left  lobe,  the  lobus  quadratus,  the  lobulus  Spigelii, 
and  the  lobus  caudatus. 

The  right  lobe  is  much  larger  than  the  left,  the  proportion  between  them  being 
as  six  to  one.  It  occupies  the  right  hypochondrium,  and  is  separated  from  the  left 
lobe,  on  its  upper  surface,  by  the  longitudinal  ligament,  on  its  under  and  posterior 
surfaces  by  the  longitudinal  fissure,  and  in  front  by  a  deep  notch.  It  is  of  a 
quadrilateral  form,  its  under  surface  being  marked  by  three  fissures — the  transverse 
fissure,  the  fissure  for  the  gall-bladder,  and  the  fissure  for  the  inferior  vena  cava ; 
and  by  three  shallow  impressions,  one  in  front  (impreasio  colica)^  for  the  hepatic 
flexure  of  the  colon ;  one  behind  (imprea^io  renalis),  for  the  right  kidney,  and  one 
internal,  between  the  last-named  and  the  gall-bladder  (impressio  diioden^lis),  for 
the  second  part  of  the  duodenum. 

The  left  lobe  is  smaller  and  more  flattened  than  the  right.  It  is  situated  in 
the  epigastric  region.  Its  upper  surface  is  convex  ;  its  under  surface  is  concave, 
and  presents  a  shallow  depression  for  the  stomach  (gastric  impression).  This 
is  situated  in  front  of  the  groove  for  the  oesophagus,  and  is  separated  from  the 
longitudinal  fissure  by  a  well-marked  prominence,  the  omental  tuberosity^  which 
lies  against  the  small  omentum  .and  lesser  curvature  of  the  stomach. 

The  lobus  qiLadratus^  or  square  lobe,  is  situated  on  the  under  surface  of  the  right 
lobe,  bounded  in  front  by  the  free  surface  of  the  liver,  behind  by  the  transverse 
fissure,  on  the  right  by  the  fissure  of  the  gall-bladder,  and  on  the  left  by  the 
umbilical  fissure. 

The  lobulus  Spigelii  projects  from  the  posterior  surface  of  the  right  lobe.  It 
is  bounded  in  front  by  the  transverse  fissure,  on  the  right  by  the  fissure  for  the 
vena  cava,  and  on  the  left  bv  the  fissure  for  the  ductus  venosus. 

The  lobus  caudatus^  or  tailed  lobe,  is  a  small  elevation  of  the  hepatic  substance 
extending  obliquely  outward  from  the  base  of  the  lobulus  Spigelii  to  the  under 
surface  of  the  right  lobe.  It  separates  the  right  extremity  of  the  transverse  fissure 
from  the  commencement  of  the  fissure  for  the  inferior  vena  cava. 

Vessels. — The  vessels  connected  with  the  liver  are  also  five  in  number :  they 
are  the  hepatic  artery,  the  portal  vein,  the  hepatic  vein,  the  hepatic  duct,  and  the 
lymphatics. 

The  hepatic  artery  and  portal  vein,  accompanied  by  numerous  lymphatics  and 
nerves,  ascend  to  the  transverse  fissure  between  the  layers  of  the  gastro-hepatic 
omentum.  The  hepatic  duct,  lyii^g  ^^  company  with  them,  descends  from  the 
transverse  fissure  between  the  layers  of  the  same  omentum.  The  relative  position 
of  the  three  structures  is  as  follows :  The  hepatic  duct  lies  to  the  right,  the  hepatic 
artery  to  the  left,  and  the  portal  vein  behind  and  between  the  other  two.  They 
are  enveloped  in  a  loose  areolar  tissue,  the  capsule  of  Glisson,  which  accompanies 
the  vessels  in  their  course  through  the  portal  canals  in  the  interior  of  the  organ. 

The  hepatic  veins  convey  the  blood  from  the  liver.  They  commence  in  the 
substance  of  the  liver,  in  the  capillary  terminations  of  the  portal  vein  and  hepatic 
artery ;  these  tributaries,  gradually  uniting,  usually  form  three  large  veins,  which 
converge  toward  the  posterior  surface  of  the  liver  and  open  into  the  inferior  vena 
cava,  whilst  that  vessel  is  situated  in  the  groove  at  the  back  part  of  this  organ. 
Of  these  three  veins,  one  from  the  right  and  another  from  the  left  lobe  open 
obliquely  into  the  vena  cava,  that  from  the  middle  of  the  organ  and  lobulus 
Spigelii  having  a  straight  course. 

The  hepatic  veins  have  no  cellular  investment,  consequently  their  parietes  are 
adherent  to  the  walls  of  the  canals  through  which  they  run ;  so  that,  on  a  section 
of  the  organ,  these  veins  remain  widely  open  and  solitary,  and  may  be  easily  dis- 
tinguished from  the  branches  of  the  portal  vein,  which  are  more  or  less  collapsed 
and  always  accompanied  by  an  artery  and  duct.  The  hepatic  veins  are  destitute 
of  valves. 

The  lymphatics  are  large  and  numerous,  consisting  of  a  deep  and  superficial 
set.     They  have  been  already  described. 
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Nerves. — The  nerves  of  the  liver  are  derived  from  the  hepatic  plexus  of  the 
Bympathetic,  from  the  pneumogastric  nerves,  especially  the  left,  and  from  the 
right  phrenic. 

Stnctiire. — The  substance  of  the  liver  is  composed  of  lobules  held  together  by 
an  extremely  fine  areolar  tissue,  and  of  the  ramifications  of  the  portal  vein,  hepatic 
duct,  hepatic  artery,  hepatic  veins,  lymphatics,  and  nerves,  the  whole  being 
invested  by  a  serous  and  a  fibrous  coat. 

The  serous  coat  is  derived  from  the  peritoneum,  and  invests  the  greater  part 
of  the  surface  of  the  organ.     It  is  intimately  adherent  to  the  fibrous  coat. 

The  fibroug  coat  lies  beneath  the  serous  investment  and  covers  the  entire  sur- 
face of  the  organ.  It  is  difficult  of  demonstration,  excepting  where  the  serous 
coat  is  deficient.  At  the  transverse  fissure  it  is  continuous  with  the  capsule  of 
GlisBon,  and  on  the  surface  of  the  organ  with  the  areolar  tissue  separating  the 
lobules. 

The  lobules  form  the  chief  mass  of  the  hepatic  substance ;  they  may  be  seen 
either  on  the  surface  of  the  organ  or  by  making  a  section  through  tlie  gland. 
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lal.    (After  Klernan.) 


They  are  small  granular  bodies  about  the  size  of  a  millet-seed,  measuring  from 
one-twentieth  to  one-tenth  of  an  inch  in  diameter.  In  the  human  subject  their 
outline  is  very  irregular,  but  in  some  of  the  lower  animals  (for  example,  the  pig) 
they  are  well-defined,  and  when  divided  transversely  have  a  polygonal  outline. 
If  divided  longitudinally  they  are  more  or  less  foliated  or  oblong.  The  bases  of 
the  lobules  are  clustered  round  the  smallest  radicles  (sublobular)  of  the  hepatic 
veins,  to  which  each  is  connected  by  means  of  a  small  branch  which  issues  from 
the  centre  of  the  lobule  {intralobular).  The  remaining  part  of  the  surface  of  each 
lobule  is  imperfectly  isolated  from  the  surrounding  lobules  by  a  thin  stratum  of 
areolar  tissue  in  wiiicb  is  contained  a  plexus  of  vessels  (the  interlobular  phxue) 
and  ducts.  In  some  animals,  as  the  pig,  the  lobules  are  completely  isolated  one 
from  another  by  this  interlobular  areolar  tissue. 

If  one  of  the  sublobular  veins  be  laid  open,  the  bases  of  the  lobules  may  be 
seen  through  the  thin  wall  of  the  vein  on  which  they  rest,  arranged  in  the  form 
of  a  teeselated  pavement,  the  centre  of  each  polygonal  space  presenting  a  minute 
aperture,  the  mouth  of  an  intralobular  vein  (Fig.  .549). 

MicioBcopic  Appearance. — Each  lobule  is  composed  of  a  mass  of  cells  {hepatic 
ittllg)  surrounded  by  a  dense  capillary  plexus,  composed  of  vessels  which  penetrate 
from    the   circumference  to  the  centre  of  the  lobule,  and  terminate  in  a  single 
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straight  vein,  which  runs  through  its  centre,  to  open  at  its  base  into  one  of 
the  radicles  of  the  hepatic  vein.  Between  the  cells  are  also  the  minute  com- 
mencements of  the  bile-ducts.  Therefore  in  the  lobule  we  have  all  the  essen- 
tials of  a  secreting  gland ;  that  is  to  say :  (1)  celh^  by  which  the  secretion  is 
formed ;  (2)  blood-vessels,  in  close  relation  with  the  cells,  containing  the  blood 
from  which  the  secretion  is  derived;  and  (3)  ducts,  by  which  the  secretion, 
when  formed,  is  carried  away.  Each  of  these  structures  will  have  to  be  further 
considered. 

(1)  The  hepatic  cells  are  of  more  or  less  spheroidal  form,  but  may  be  rounded, 
flattened,  or  many-sided  from  mutual  compression.  They  vary  in  size  from  the 
y^j^  to  the  y^jVo"  ^^  *^  iTLch  in  diameter.  They  consist  of  a  honeycomb  net- 
work (Klein)  without  any  cell-wall,  and  contain  one  or  sometimes  two  distinct 
nuclei.  In  tne  nucleus  is  a  highly  refracting  nucleolus  with  granules.  Embedded 
in  the  honeycomb  network  are  numerous  yellow  particles,  the  coloring  matter  of 
the  bile,  and  oil-globules.  The  cells  adhere  together  by  their  surfaces  so  as  to 
form  rows,  which  radiate  from  the  centre  to  the  circumference  of  the  lobules.  As 
stated  above,  they  are  the  chief  agents  in  the  secretion  of  the  bile. 

(2)  The  Blood-vessels. — The  blood  in  the  capillary  plexus  around  the  liver- 
cells  is  brought  to  the  liver  principally  by  the  portal  vein,  but  also  to  a  certain 
extent  by  the  hepatic  artery.  For  the  sake  of  clearness  the  distribution  of  the 
blood  derived  from  the  hepatic  artery  may  be  considered  first. 

The  hepatic  artery,  entering  the  liver  at  the  transverse  fissure  with  the  portal 
vein  and  hepatic  duct,  ramifies  with  these  vessels  through  the  portal  canals.  It 
gives  off  vaginal  branches  which  ramify  in  the  capsule  of  Glisson,  and  appear  to 
be  destined  chiefly  for  the  nutrition  of  the  coats  of  the  large  vessels,  the  ducts, 
and  the  investing  membranes  of  the  liver.  It  also  gives  off  capsular  branches 
which  reach  the  surface  of  the  organ,  terminating  in  its  fibrous  coat  in  stellate 
plexuses.  Finally  it  gives  off  interlobular  branches  which  form  a  plexus  on  the 
outer  side  of  each  lobule,  to  supply  its  wall  and  the  accompanying  bile-ducts. 
From  this,  lobular  branches  enter  the  lobule  and  end  in  the  capillary  network 
between  the  cells.  Some  anatomists,  however,  doubt  whether  it  transmits  anv 
blood  directly  to  the  capillary  network. 

The  portal  vein  (Fig.  550)  also  enters  at  the  transverse  fissure  and  runs 
through  the  portal  canals,  enclosed  in  Glisson's  capsule,  dividing  into  branches  in 
its  course,  which  finally  break  up  into  a  plexus  (the  interlobular  plexus)  in  the 
interlobular  spaces  between  the  lobules.  In  their  course  these  branches  receive 
the  vaginal  and  capsular  veins,  corresponding  to  the  vaginal  and  capsular 
branches  of  the  hepatic  artery  (Fig.  650).  Thus  it  will  be  seen  that  all  the 
blood  carried  to  the  liver  by  the  portal  vein  and  hepatic  artery,  except  perhaps 
that  derived  from  the  interlobular  branches  of  the  hepatic  artery,  directly  or 
indirectly  finds  its  way  into  the  interlobular  plexus.  From  this  plexus  the  blood 
is  carried  into  the  lobule  by  fine  branches  which  pierce  its  wall  and  then  converge 
from  the  circumference  to  the  centre  of  the  lobule,  forming  a  number  of  longitu- 
dinal vessels  which  are  connected  by  transverse  or  horizontal  branches  (Fig.  551). 
In  the  interstices  of  the  network  of  vessels  thus  formed  are  situated,  as  before 
said,  the  liver-cells  :  and  here  it  is  that,  the  blood  being  brought  into  intimate 
connection  with  the  liver-cells,  the  bile  is  secreted.  Arrived  at  the  centre  of  the 
lobule,  all  these  minute  vessels  empty  themselves  into  one  vein,  of  considerable 
size,  which  runs  down  the  centre  of  the  lobules  from  apex  to  base  and  is  called 
the  intralobular  vein.  At  the  base  of  the  lobule  this  vein  opens  directly  into  the 
sublobular  vein,  with  which  the  lobule  is  connected,  and  which,  as  before  men- 
tioned, is  a  radicle  of  the  hepatic  vein.  The  sublobular  veins,  uniting  into 
larger  and  larger  trunks,  end  at  last  in  the  hepatic  veins,  which  do  not  receive  anv 
intralobular  veins.  Finally,  the  hepatic  veins,  as  mentioned  at  page  677,  converge 
to  form  three  large  trunks  which  open  into  the  inferior  vena  cava,  while  that  ves- 
sel is  situated  in  the  fissure  appropriated  to  it  at  the  back  of  the  liver. 

(3)  The  Ducts, — Having  shown  how  the  blood  is  brought  into  intimate  relation 
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with  the  hepatic  cells  in  order  that  the  bile  may  be  secreted,  it  remains  now  onlv 
to  consider  the  way  in  which  the  secretion,  having  been  formed,  is  carried  away. 


— HorlionMl  sectloD 


Several  views  have  prevailed  as  to  the  mode  of  origin  of  the  hepatic  ducts ;  it 
seems,  however,  to  be  clear  that  they  commence  by  little  passages  which  are 
formed  between  the  cells,  and  which  have  been  termed  intercellular  biliary  pas- 


eiffes  or  hile-capillariei  (Fig.  552).  These  passages  are  merely  little  channels  or 
interspaces  left  between  the  contiguous  surfaces  of  two  cells  or  in  the  angle  where 
three  or  more  liver-cells  meet  (Fig.  552),  and  it  seems  doubtful  whether  there  is 
any  delicate  membrane  forming  the  wall  of  the  space.  The  channels  thus  formed 
radiate  to  the  circumference  of  the  lobule,  and,  piercing  its  wall,  form  a  plexus 
{^interlobular)  between  the  lobules.  From  this  plexus  ducts  are  derived  which  pass 
into  the  portal  canals,  become  enclosed  in  Glisson's  capsule,  and,  accompanying 
the  portal  vein  and  hepatic  arterj'  (Fig.  553),  join  with  other  ducts  to  form  two 
main  trunks,  which  leave  the  liver  at  the  transverse  fissure,  and  by  their  union 
furm  the  hepatic  duct. 
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THE  GALL-BLADDER. 


The  Gktll-bladder  is  the  reservoir  for  the  bile ;  it  is  a  conical  or  pear-shaped 
musculo-membranous  sac,  lodged  in  a  fossa  on  the  under  surface  of  the  right  lobe 
of  the  liver,  and  extending  from  near  the  right  extremity  of  the  transverse  fissure 
to  the  anterior  border  of  the  organ.  It  is  about  four  inches  in  length,  one  inch  in 
breadth  at  its  widest  part,  and  holds  from  eight  to  ten  drachms.  It  is  divided  into 
a  fundus,  body,  and  neck.  The  fundus^  or  broad  extremity,  is  directed  downward, 
forward  and  to  the  right,  and  occasionally  projects  beyond  the  anterior  border  of 
the  liver;  the  body  and  neck  are  directed  upward  and  backward  to  the  left.  The 
gall-bladder  is  held  in  its  position  by  the  peritoneum,  which,  in  the  majority  of 
cases,  passes  over  its  under  surface,  but  the  serous  membrane  occasionally  invests 
the  gall-bladder,  which  is  then  connected  to  the  liver  by  a  kind  of  mesentery. 

Relations. — The  body  of  the  gall-bladder  is  in  relation,  by  its  upper  surface, 
with  the  liver,  to  which  it  is  connected  by  areolar  tissue  and  vessels ;  by  its  under 
surface,  with  the  first  portion  of  the  duodenum,  occasionally  the  pyloric  end  of  the 
stomach,  and  the  hepatic  flexure  of  the  colon.  The  fundus  is  completely  invested 
by  peritoneum ;  it  is  in  relation,  in  front,  with  the  abdominal  parietes,  immedi- 
ately below  the  ninth  costal  cartilage ;  behind,  with  the  transverse  arch  of  the 
colon.  The  neck  is  narrow,  and  curves  upon  itself  like  the  letter  S ;  at  its  point 
of  connection  with  the  cystic  duct  it  presents  a  well-marked  constriction. 

When  the  gall-bladder  is  distended  with  bile  or  calculi,  the  fundus  may  be  felt  through  the 
abdominal  parietes,  especially  in  an  emaciated  subject :  the  relations  of  this  sac  will  also  serve  to 
explain  the  occasional  occurrence  of  abdominal  biliary  fistulse,  through  which  biliary  calculi  may 
pass  out,  and  of  the  passage  of  calculi  from  the  gall-bladder  into  the  stomach,  duodenum,  or 
colon,  which  occasionally  nappens. 

Structure. — The  gall-bladder  consists  of  three  coats — serous,  fibrous  and  mus- 
cular, and  mucous. 

The  external  or  serous  coat  is  derived  from  the  peritoneum ;  it  completely 
invests  the  fundus,  but  covers  the  body  and  neck  only  on  their  under  surface. 

The  fibro-niuscular  coat  is  a  thin  but  strong  layer  which  forms  the  framework 
of  the  sac,  consisting  of  dense  fibrous  tissue  which  interlaces  in  all  directions  and 
is  mixed  with  plain  muscular  fibres  which  are  disposed  chiefly  in  a  longitudinal 
direction,  a  few  running  transversely. 

The  internal  or  mucous  coat  is  loosely  connected  with  the  fibrous  layer.  It  is 
generally  tinged  with  a  yellowish-brown  color,  and  is  everywhere  elevated  into 
minute  rugae,  by  the  union  of  which  numerous  meshes  are  formed,  the  depressed 
intervening  spaces  having  a  polygonal  outline.  The  meshes  are  smaller  at  the 
fundus  and  neck,  being  most  developed  about  the  centre  of  the  sac.  Opposite  the 
neck  of  the  gall-bladder  the  mucous  membrane  projects  inward  in  the  form  of 
oblique  ridges  or  folds,  forming  a  sort  of  screw-like  valve. 

The  mucous  membrane  is  covered  with  columnar  epithelium  and  secretes  an 
abundance  of  thick  viscid  mucus ;  it  is  continuous  through  the  hepatic  duct  with 
the  mucous  membrane  lining  the  ducts  of  the  liver,  and  through  the  ductus  com- 
munis choledochus  with  the  mucous  membrane  of  the  alimentary  canal. 

The  Biliary  Ducts  are  the  hepatic,  the  cystic,  and  the  ductus  communis 
choledochus. 

The  Hepatic  Duct. — Two  main  trunks  of  nearly  equal  size  issue  from  the  liver 
at  the  transverse  fissure,  one  from  the  right,  the  other  from  the  left  lobe ;  these 
unite  to  form  the  hepatic  duct,  which  then  passes  downward  and  to  the  right  for 
about  an  inch  and  a  half  between  the  la  vers  of  the  lesser  omentum,  where  it 
joins  at  an  acute  angle  with  the  cystic  duct,  and  so  forms  the  ductus  communis 
choledochus.  The  hepatic  duct,  as  it  descends  from  the  transverse  fissure  of  the 
liver  between  the  two  layers  of  the  lesser  omentum,  lies  in  company  with  the 
hepatic  artery  and  portal  vein. 

The  cystic  duct,  the  smallest  of  the  three  biliary  ducts,  is  about  an  inch  and 
a  half  in  length.     It  passes  obliquely  downward  and  to  the  left  from  the  neck  of 
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the  gall-bladder,  and  joins  the  hepatic  duct  to  form  the  common  duct.  It  lies  in 
the  gastro-hepatic  omentum  in  front  of  the  vena  portae,  the  hepatic  artery  lying  to 
its  left  side.  The  mucous  membrane  lining  its  interior  is  thrown  into  a  series  of 
crescentic  folds,  from  five  to  twelve  in  number,  similar  to  those  found  in  the  neck 
of  the  gall-bladder.  They  project  into  the  duct  in  regular  succession,  and  are 
directed  obliquely  round  the  tube,  presenting  much  the  appearance  of  a  continuous 
spiral  valve.  When  the  duct  has  been  distended  the  spaces  between  the  folds  are 
dilated  so  as  to  give  to  its  exterior  a  sacculated  appearance. 

The  ductus  commnnis  choledochns,  the  largest  of  the  three,  is  the  common 
excretory  duct  of  the  liver  and  gall-bladder.  It  is  about  three  inches  in  length, 
of  the  diameter  of  a  goosequill,  and  formed  by  the  junction  of  the  cystic  and 
hepatic  ducts. 

It  descends  along  the  right  border  of  the  lesser  omentum  behind  the  first 
portion  of  the  duodenum,  in  front  of  the  vena  porta,  and  to  the  right  of  the 
hepatic  artery ;  it  then  passes  between  the  pancreas  and  descending  portion  of  the 
duodenum,  and,  running  for  a  short  distance  along  the  right  side  of  the  pancreatic 
duct  near  its  termination  passes  with  it  obliquely  between  the  mucous  and 
muscular  coats.  The  two  ducts  open  by  a  common  orifice  upon  the  summit  of  a 
papilla,  situated  at  the  inner  side  of  the  descending  portion  of  the  duodenum,  a 
little  below  its  middle. 

Stmcture. — The  coats  of  the  biliary  ducts  are  an  external  or  fibrous  and  an 
internal  or  mucous.  The  fibrous  coat  is  composed  of  strong  fibro-areolar  tissue, 
with  a  certain  amount  of  muscular  tissue  arranged  for  the  most  part  in  a  circular 
manner  around  the  duct.  The  mucous  coat  is  continuous  with  the  lining 
membrane  of  the  hepatic  ducts  and  gall-bladder,  and  also  with  that  of  the 
duodenum,  and,  like  the  mucous  membrane  of  these  structures,  its  epithelium  is 
of  the  columnar  variety.  It  is  provided  with  numerous  mucous  glands  which 
are  lobulated  and  open  by  minute  orifices  scattered  irregularly  in  the  larger  ducts. 
In  the  smaller  ducts,  which  lie  in  the  portal  canals  in  the  substance  of  the 
liver,  are  also  a  number  of  orifices,  disposed  in  two  longitudinal  rows,  which  were 
formerly  regarded  as  the  openings  of  mucous  glands,  but  which  are  merely  the 
orifices  of  tubular  recesses.  They  occasionally  anastomose,  and  from  the  sides  of 
them  saccular  dilatations  are  given  off. 

SurfEUse  Form. — ^The  liver  is  situated  in  the  right  hypochondriac  and  the  epigastric  regions, 
and  is  moulded  to  the  arch  of  the  Diaphragm.  In  the  greater  part  of  its  extent  it  lies  under 
cover  of  the  lower  ribs  and  their  cartilaffes,  but  in  the  epigastric  region  it  comes  in  contact  with 
the  abdominal  wall  in  the  subcostal  angle.  The  upper  limit  of  the  right  lobe  of  the  liver  may  be 
defined  bv  a  line  drawn  from  the  articulation  of  tne  fifth  right  costal  cartilage  to  the  sternum 
horizontally  outward  to  a  little  below  the  nipple,  and  then  inclined  downward  to  reach  the 
seventh  rib  at  the  side  of  the  chest.  The  \ipper  limit  of  the  left  loLe  may  be  defined  by  continu- 
ing this  line  to  the  left,  with  an  inclination  downward  as  it  crosses  the  gladiolus,  to  a  point  about 
two  inches  to  the  left  of  the  sternum  on  a  level  with  the  sixth  left  costal  cartilage.  The  lower 
limit  of  tlie  liver  may  be  indicated  by  a  line  drawn  half  an  inch  below  the  lower  Dorder  of  the 
thorax  on  the  right  side  as  far  as  the  ninth  right  costal  cartilage,  and  thence  obliquely  upward 
across  the  subcostal  angle  to  the  eighth  left  costal  cartilage.  A  slight  curved  line  with  its  con- 
vexity to  the  left  from  this  point — i.  e,  the  eighth  left  costal  cartilage — to  the  termination  of  the 
line  indicating  the  upper  limit  will  denote  the  left  margin  of  the  liver.  The  fundus  of  the  gall- 
bladder approaches  the  surface  behind  the  anterior  extremity  of  the  ninth  costal  cartilage,  close 
to  the  outer  margin  of  the  Right  rectus  muscle. 

It  must  be  remembered  that  the  liver  is  subject  to  considerable  alterations  in  position,  and 
the  student  should  make  himself  acquainted  with  the  different  circumstances  under  which  this 
occurs,  as  they  are  of  importance  in  determining  the  existence  of  enlargement  or  other  diseases 
of  the  organ. 

Its  position  varies  according  to  the  posture  of  the  body.  In  the  erect  position  in  the  adult 
male  the  edge  of*  the  liver  projects  about  half  an  inch  below  the  lower  edge  of  the  right  costal 
cartilages,  and  its  anterior  border  can  be  often  felt  in  this  situation  if  the  abdominal  wall  is  thin. 
In  the  supine  position  the  liver  gravitates  backward  and  recedes  above  the  lower  margin  of  the 
ribs,  and  cannot  then  be  detected  by  the  finger.  In  the  prone  position  it  falls  forward,  and  can 
then  generally  be  felt  in  a  patient  with  loose  and  lax  abdominal  walls.  Its  position  varies  also 
with  the  ascent  or  descent  of  the  Diaphragm.  In  a  deej)  inspiration  the  liver  descends  below 
the  ribs;  in  expiration  it  is  raised  behmd  them.  Again,  in  emphysema,  where  the  lungs  are 
distended  and  the  Diaphragm  descends  very  low,  the  liver  is  pushed  down;  in  some  other 
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diseases,  as  phthisis,  where  the  Diaphragm  is  much  arched,  the  liver  rises  veiv  high  up.  Pres- 
sure irom  without,  as  in  tight-lacing,  by  compressing  the  lower  part  of  the  chest,  displaces  the 
liver  considerably,  its  anterior  edge  often  extending  as  low  as  tne  crest  of  the  ileum  ;  and  its 
convex  surface  is  often  at  the  same  time  deeply  indented  from  the  pressure  of  the  ribs.  A^n, 
its  position  varies  greatly  according  t»  the  greater  or  less  distension  of  the  stomach  and  intestines. 
When  the  intestines  are  empty  the  liver  descends  in  the  abdomen,  but  when  they  are  distended 
it  is  pushed  upward.  Its  relations  to  surrounding  organs  may  also  be  changed  by  the  growth  of 
tumors  or  by  collections  of  fluid  in  the  thoracic  or  abdominal  cavities. 

Surgical  Anatomy. — On  account  of  its  large  size,  its  fixed  position,  and  its  friability,  the 
liver  is  more  frequently  ruptured  than  any  of  the  abdominal  viscera.  The  rupture  may  vai}' 
considerably  in  extent,  from  a  slight  scratch  to  an  extensive  laceration  completely  through  its 
substance,  dividing  it  into  two  parts.  Sometimes  an  internal  rupture  without  laceration  of  the 
peritoneal  covering  takes  place,  and  such  injuries  are  most  susceptible  of  repair ;  but  small  tears 
of  the  surface  may  also  heal ;  when,  however,  the  laceration  is  extensive,  death  usually  takes 
place  from  hsemorrhage,  on  account  of  the  fact  that  the  hepatic  veins  are  contained  in  ri^d 
canals  in  the  liver-substance  and  are  unable  to  contract,  and  are  moreover  unprovided  vnth 
valves.  The  liver  may  also  be  torn  by  the  end  of  a  broken  rib  perforating  the  Diaj^hragm. 
The  liver  mav  be  iniured  by  stabs  or  other  punctured  wounds,  and  when  these  are  inflicted 
through  the  chest-wall  both  pleural  and  peritoneal  cavities  may  be  opened  up  and  both  lung  and 
liver  be  wounded.  In  cases  of  wound  oi  the  liver  from  the  front,  hernia  of  a  part  of  this  viscus 
may  take  place,  but  can  generally  easily  be  replaced.  Abscess  of  the  liver  is  of  not  un frequent 
occurrence,  and  may  open  in  many  different  ways  on  account  of  the  relations  of  this  viscus  to 
other  organs.  Thus,  it  has  been  known  to  burst  into  the  lungs,  and  the  pus  been  coughed  up, 
or  into  tne  stomach  and  the  pus  vomited ;  it  may  burst  into  the  colon  or  into  the  duodenum ; 
or,  by  perforating  the  Diaphragm,  it  may  empty  itself  into  the  pleural  cavity.  Frequently  it 
makes  its  way  forward  ana  points  on  the  anterior  abdominal  wall,  and  finally  it  may  burst  into 
the  peritoneal  or  pericardiac  cavities.  Abscesses  of  the  liver  frequently  require  opening,  and 
this  should  be  done  preferably  by  an  incision  in  the  right  semilunar  line,  in  two  stages:  the 
peritoneal  cavity  being  opened  and  the  liver  over  the  summit  of  the  abscess  being  stitched  to  the 
parietal  peritoneum  on  tne  first  occasion,  and  thi^e  or  four  days  subsequently  the  abscess  being 
evacuated.  Hydatid  cysts  are  more  often  found  in  the  liver  than  in  any  other  of  the  viscera. 
The  reason  of  this  is  not  far  to  seek.  The  embrj'O  of  the  ega  of  the  taenia  echinococcus,  being 
liberated  in  the  stomach  by  the  disintegration  of  its  shell,  bores  its  way  through  the  gastric 
walls,  and  usually  enters  a  blood-vessel  and  is  carried  by  the  blood-stream  to  the  hepatic  capil- 
laries, where  its  onward  course  is  arrested,  and  where  it  undergoes  development  into  the  fully- 
formed  hydatid. 

When  the  gaU-hladder  ]&  ruptured,  or  one  of  its  main  ducts,  which  may  occur  indepen- 
dently of  laceration  of  the  liver,  the  injury  is  necessarily  fatal  from  peritonitis  caused  by  tlie 
extravasation  of  bile  into  the  peritoneal  cavity. 

The  gall-bladder  may  become  distended  with  bile  in  cases  of  obstruction  of  its  duct  or  the 
common  bile-duct,  or  from  a  collection  of  gall-stones  within  its  interior,  thus  forming  a  large 
tumor.  The  swelling  is  pear-shap€Ki,  and  projects  downward  and  forward  to  the  umbihcus.  It 
moves  with  respiration,  since  it  is  attached  to  the  liver.  To  relieve  this  condition  the  gall-blad- 
der must  be  opened  and  the  gall-stones  removed.  The  operation  is  performed  by  an  incision 
two  or  three  inches  long  in  the  right  semilunar  line,  commencing  an  inch  below  the  costal  mai^ 
gin.  The  peritoneal  cavity  is  opened,  and,  the  tumor  having  been  found,  sponges  are  packed 
round  it  to  protect  the  peritoneal  cavity,  and  it  is  aspirated.  When  the  contained  fluid  has  been 
evacuated  the  flaccid  bladder  is  drawn  out  of  the  aodominal  wound  and  its  wall  incised  to  the 
extent  of  an  inch ;  any  gall-stones  in  the  bladder  are  now  removed  and  the  interior  of  the  sac 
sponged  dry.  If  the  case  is  one  of  obstruction  of  the  duct,  an  attempt  must  be  made  to  dislodge 
tne  stone  by  manipulation  through  the  wall  of  the  duct,  or  it  must  be  crushed  from  without  by 
carefully  padded  forceps.  After  all  obstruction  has  been  removed  a  drainage-tube  is  to  be 
inserted  and  the  external  wound  closed  around  it,  the  stitches  being  passed  through  the  parietal 
peritoneum  and  also  through  the  peritoneum  covering  the  gall-bladder  around  the  incision,  seas 
to  bring  these  two  surfaces  into  apposition.  The  fistulous  opening  generally  closes  in  the  course 
of  a  few  weeks. 

THE  PANCREAS. 

Dissection. — The  pancreas  may  be  exposed  for  dissection  in  three  different  ways:  1.  By 
raising  the  liver,  drawing  down  the  stomach,  and  tearing  through  the  gastro-hepatic  omentum 
and  the  ascending  layer  of  the  transverse  meso-colon.  2.  By  raising  the  stomacn,  the  arch  of 
tlie  colon,  and  great  omentum,  and  then  dividing  the  inferior  layer  of  the  transverse  meso-colon 
and  raising  the  ascending  layer  of  the  transverse  meso-colon.  3.  By  dividing  the  two  layers  of 
peritoneum  which  descend  from  the  great  curvature  of  the  stomach  to  form  tne  great  omentum, 
turning  the  stomach  upward,  and  then  cutting  through  the  ascending  layer  of  the  transverse 
meso-colon  (see  Fig.  523,  page  917). 

The  Pancreas  (7:ai>-xpsa(:,  all  flesh)  is  a  compound  racemose  gland  analogous 
in  its  structure  to  the  salivary  glands,  though  softer  and  less  compactly  arranged 
than  those  organs.  In  shape  it  is  transversely  oblong,  flattened  from  before  back- 
ward, and  bears  some  resemblance  to  a  dog'«  tongue,  its  right  extremity  being 
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broad  and  presenting  a  sort  of  angular  bend  from  above  downward  called  the 
head,  whilst  ita  left  extremity  gradually  tapers  to  form  the  tail,  the  intermediate. 
portion  being  called  the  body.  It  is  situated  transversely  across  the  posterior  wall 
of  the  abdomen,  at  the  back  of  the  epigastric  and  left  hypochondriac  regions.  Its 
length  varies  from  six  to  eight  inches,  its  breadth  is  an  inch  and  a  half,  and  its 
thickness  from  half  an  inch  to  an  inch,  being  greater  at  its  right  extremity  and 
along  its  upper  border.  Its  weight  varies  from  two  to  three  and  a  half  ounces, 
but  It  may  reach  six  ounces. 

The  right  extremity  or  head  of  the  pancreat  (Fig.  554)  is  curved  upon  itself 
from  above  downward,  and  is  embraced  by  the  concavity  of  the  duodenum.     The 


F[o.  5M.— The  pancTeu  and  lu  reUtiotu. 

common  bile-duct  descends  behind,  between  the  duodenum  and  pancreas,  and  the 
pancreatico-duodenal  artery  descends  in  front  between  the  same  parts. 

The  le»»er  end  or  tail  of  the  pancreas  is  narrow ;  it  extends  to  the  left  as  far  as 
the  spleen,  and  is  placed  over  the  left  kidney  and  suprarenal  capsule. 

The  body  of  the  pancreaa  is  somewhat  prismatic  in  shape,  and  has  three  surfaces 
— anterior,  posterior,  and  inferior. 

The  anterior  surface  is  somewhat  concave,  and  is  covered  by  the  posterior 
surface  of  the  stomach,  which  rests  upon  it. 

The  posterior  surface  is  separated  from  the  vertebral  column  by  the  aorta,  vena 
cava,  the  commencement  of  the  vena  porta,  the  pillars  of  the  Diaphragm,  and  the 
superior  mesenteric  artery  and  vein.  These  latter  vessels  are  surrounded  by  a 
lobular  fold  of  the  gland  which  passes  transversely  to  the  left  behind  ihem,  and 
thus  these  vessels  are  embraced  by  the  substance  of  the  gland.  This  portion  is 
sometimes  detached  from  the  rest  of  the  organ,  and  is  called  the  lesser  pancreas. 

To  the  left  of  the  vertebral  column  the  posterior  surface  of  the  pancreas  is  in 
contact  with  the  left  renal  vessels,  the  left  suprarenal  capsule,  and  the  left  kidney. 
Xear  the  upper  border  of  this  surface  is  a  groove,  running  from  the  centre  of  the 
gland  to  the  left,  in  which  is  lodged  the  splenic  artery  and  vein. 

The  inferior  surface  is  narrow,  and  liesabove  the  third  portion  of  the  duodenum, 
from  which  it  is  separated  in  the  middle  line  by  the  superior  mesenteric  vessels, 
which  tilt  it  somewhat  forward.  The  left  extremity  of  this  surface  rests  on  the 
splenic  flexure  of  the  colon. 
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Projecting  above  the  pancreas,  where  it  crosses  the  aorta,  is  the  coeliac  axis. 

The  pancreatic  duet,  called  the  canal  of  Wirsung,  from  its  discoverer,  extends 
transversely  from  left  to  right  through  the  substance  of  the  pancreas,  nearer  to  lis 
lower  than  its  upper  border,  and  lying  nearer  its  anterior  than  its  posterior  Bur- 
face.  In  order  to  expose  it  the  superficial  portion  of  the  gland  must  be  removed. 
It  commences  by  thejunctionof  the  small  ductsof  the  lobules  situated  in  the  tail  of 
the  pancreas,  and,  running  from  right  to  loft,  it  constantly  receives  the  ducts  of 
the  various  lobules  composing  the  gland,  and,  considerably  augmented  in  size,  it 
leaves  the  head  of  the  pancreas,  and,  descending  slightly,  it  gets  into  relation  vitb 
the  common  bile-duct,  lying  to  its  left  side,  and,  passing  very  obliquely  through 
the  mucous  and  muscular  coats  of  the  duodenum,  it  terminates  by  an  orifice  com- 
mon to  it  and  the  ductus  communis  choledochus  upon  the  summit  of  an  elevated 
fiapilla  situated  at  the  inner  side  of  the  descending  portion  of  the  duodenum,  a 
ittle  below  its  middle. 

Sometimes  the  pancreatic  duct  and  ductus  communis  choledochus  open  sepa- 
rately into  the  duodenum.  The  excretory  duct  of  the  lesser  pancreas  is  called 
the  duclue  pancrealicut  vimor ;  it  opens  into  the  main  duct  near  the  duodenum, 
and  sometimes  separately  into  that  intestine,  at  a  distance  of  an  inch  or  more  from 
the  termination  of  the  principal  duct. 

The  pancreatic  duct,  near  the  duodenum,  is  about  the  size  of  an  ordinary  quill : 
its  walls  are  thin,  consisting  of  two  coats,  an  external  fibrous  and  an  internal 
mucous ;  the  latter  is  thin,  smooth,  and  furnished  near  its  termination  with  a  few 
scattered  follicles. 

Sometimes  the  pancreatic  duct  is  double  up  to  its  point  of  entrance  into  the 
duodenum. 

In  Btractnre  the  pancreas  resembles  the  salivary  glands.  It  difiers  from  them, 
however,  in  certain  particulars,  and  Is  looser  and  softer  in  its  texture.     It  is  not 


Fio.  S.SS.— Transverse  section  through  the  middle  of  the  Aral  lumbar  vertebra,  showing  the  relations  of  ihe 
panercaa.    (BrauDe.) 

enclosed  in  a  distinct  capsule,  but  is  surrounded  by  areolar  tissue,  which  dips  down 
into  its  interior  and  connects  together  the  various  lobules  of  which  it  is  composed. 
Each  lobule,  like  the  lobules  of  the  salivary  glands,  consists  of  one  of  the  ultimate 
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ramifications  of  the  main  duct,  terminating  in  a  number  of  caecal  pouches  or 
acini.  The  minute  ducts  are  lined  by  short  columnar  epithelium,  shorter  than 
that  found  in  the  salivary  ducts.  The  acini  are  wavy  and  convoluted,  and  are 
also  lined  by  columnar  cells  which  present  certain  characteristics;  each  cell 
shows  an  outer  homogeneous  or  faintly  striated  portion  which  becomes  deeply 
stained  with  dyes  and  contains  the  nucleus,  and  an  inner  granular  portion  which 
does  not  easily  stain.  The  lumen  of  the  alveolus  is  hardly  visible,  being  filled 
with  an  interstitial  substance  containing  spindle-shaped  cells,  the  centro-acinar 
cells  of  Langerhans. 

Vessels  and  Nerves. — The  arteries  of  the  pancreas  are  derived  from  the  splenic 
and  the  pancreatico-duodenal  branches  of  the  hepatic  and  the  superior  mesenteric. 
Its  veins  open  into  the  splenic  and  superior  mesenteric  veins.  Its  lymphatics 
terminate  in  the  lumbar  glands.  Its  nerves  are  filaments  from  the  splenic 
plexus. 

Sur&ce  Form. — The  pancreas  lies  in  front  of  the  first  lumbar  vertebra,  and  can  sometimes 
be  felt,  in  emaciated  subjects,  when  the  stomach  and  colon  are  empty,  by  making  deep  pressure 
in  the  middle  line  about  three  inches  above  the  umbilicus. 

Surgical  Anatomy. — ^The  pancreas  presents  but  little  of  surgical  importance.  It  is  occa- 
sionally the  seat  of  cancer,  which  usually  affects  the  head  or  duodenal  end,  and  therefore  often 
speedily  involves  the  common  bile-duct,  leading  to  persistent  jaundice.  Cysts  are  also  occasion- 
ally found  in  it,  which  may  present  in  the  epigastric  region,  above  and  to  the  right  of  the  umbil- 
icus, and  may  require  opening  and  draining.  The  fluid  in  them  contains  some  of  the  elements 
of  the  pancreatic  secretion  and  is  very  irritating,  so  that,  if  allowed  to  come  in  contact  with  the 
skin  of  the  abdominal  wall,  it  is  likely  to  produce  intractable  eczema.  It  has  been  said  that  the 
pancreas  is  the  only  abdominal  viscus  which  has  never  been  found  in  a  hernial  protrusion ;  but 
even  this  organ  has  been  found,  in  company  with  other  viscera,  in  rare  cases  oi  diaphragmatic 
hernia.  The  pancreas  has  been  known  to  become  invaginated  into  the  intestine,  and  portions 
of  the  organ  have  sloughed  off.  In  cases  of  excision  of  the  pylorus  great  care  must  be  exer- 
cised to  avoid  wounding  the  pancreas,  as  the  escape  of  the  pancreatic  fluid  may  be  attended 
with  serious  results.  According  to  Billroth,  it  is  likely,  in  consequence  of  its  peptonizing  quali- 
ties, to  dissolve  the  cicatrix  of  the  stomach. 

THE   SPLEEN. 

The  Spleen  was  formerly  classified,  together  with  the  thyroid,  thymus,  and 
suprarenal  capsules,  as  one  of  the  ductless  or  blood-glands.  It  possesses  no 
excretory  duct.  It  is  of  an  oblong  flattened  form,  soft,  of  very  brittle  consistence, 
highly  vascular,  of  a  dark  bluish-red  color,  and  situated  in  the  left  hypochondriac 
region,  embracing  the  cardiac  end  of  the  stomach.  It  is  invested  by  peritoneum 
and  connected  with  the  stomach  by  the  gastro-splenic  omentum. 

Belations. — The  external  and  posterior  surface  is  convex,  smooth,  and  in  rela- 
tion with  the  under  surface  of  the  Diaphragm,  which  separates  it  from  the  ninth, 
tenth,  and  eleventh  ribs  of  the  left  side.  The  internal  surface  is  concave,  and 
divided  by  a  vertical  fissure,  the  hilum^  into  an  anterior  or  larger  and  a  posterior 
or  smaller  portion.  The  hilum  is  pierced  by  several  irregular  apertures  for  the 
entrance  and  exit  of  vessels  and  nerves.  At  the  margins  of  the  hilum  the  two 
layers  of  peritoneum  are  reflected  from  the  surface  of  the  spleen  on  to  the  cardiac 
end  of  the  stomach,  fanning  the  gastro-splenic  omentum,  which  contains  between 
its  layers  the  splenic  vessels  and  nerves  and  the  vasa  brevia.  In  front  of  the  hilum 
the  internal  surface,  which  is  directed  somewhat  forward,  is  broad  and  concave  and 
in  contact  with  the  great  end  of  the  stomach,  and  below  this  with  the  tail  of  the 
pancreas  and  splenic  flexure  of  the  colon.  Behind  the  hilum  the  internal  surface, 
which  is  here  directed  inward,  presents  a  smooth  concave  fossa  which  rests  on 
the  upper  and  outer  border  of  the  left  kidney.  The  upper  end^  thick  and  rounded, 
is  in  relation  with  the  Diaphragm,  to  which  it  is  connected  by  a  fold  of  peritoneum, 
the  muspensori/  ligament  The  lower  end  is  pointed  and  rests  on  the  costo-colic 
ligament.  The  anterior  margin  is  free,  rounded,  and  often  notched,  especially 
below. 

The  spleen  is  held  in  its  position  by  two  folds  of  peritoneum :  one,  the  gastro- 
splenic  omentum,  connects  it  with  the  stomach ;  and  the  other,  the  suspensory 
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ligament,  with  the  under  surface  of  the  Diaphragm.    It  is  also  supported  bv  ihe 
coato-colic  ligament,  upon  which  its  lower  end  rests  (see  page  925). 

The  size  and  weight  of  the  spleen  are  liahle  to  very  extreme  variations  at 
diifereiit  periods  of  life,  in  different  individuals,  and  in  the  same  individual  under 
different  conditions.  In  the  adult,  in  whom  it  attains  its  greatest  size,  it  is  usuellv 
about  five  inchea  in  length,  three  or  four  inches  in  breadth,  and  an  inch  or  an  inch 
and  a  half  in  thickness,  and  weighs  about  seven  ounces.  At  birth  its  weight, 
in  proportion  to  the  entire  body,  is  almost  equal  to  what  is  observed  in  the  adult, 
being  as  1  to  350 ;  whilst  in  the  adult  it  varies  from  1  to  320  and  400.  In  old  a-je 
the  organ  not  only  decreases  in  weight,  but  decreases  considerably  in  proportion 
to  the  entire  body,  being  as  1  to  700.  The  size  of  the  spleen  is  increased  during  aoil 
after  digestion,  and  varies  considerably  according  to  the  state  of  nutrition  of  the 
body,  being  large  in  highly-fed  and  small  in  starved  animals.  In  intermittent  and 
other  fevers  it  becomes  much  enlarged,  weighing  occasionally  from  18  to  20  pounds. 


F[a.  5%.— Transverse  lectlon  ofttie  gpteen,  shnwln^  Ihe  Irabemlnr  tissue  siiil  Ihc  iiilenir  vein  and  lU  braDcbei, 

Stractnre. — The  spleen  is  invested  by  two  coats — an  external  serous  and  an 
internal  fibro-elaatic  coat. 

The  ertcrnal  or  gerou»  coat  is  derived  from  the  peritoneum ;  it  is  thin,  smooth, 
and  in  the  human  subject  intimately  adherent  to  the  fibro-elastic  coat.  It  invests 
almost  the  entire  organ,  being  reflected  from  it,  at  the  hilum.  on  to  the  great  end 
of  the  stomach,  and  at  the  upper  end  of  the  organ  on  to  the  Diaphragm. 

The  jibro-eluKtic  coat  forma  the  framework  of  the  spleen.  It  invests  the 
exterior  of  the  organ,  and  at  the  hilum  is  reflected  inward  upon  the  vessels  in  the 
form  of  vaginae  or  sheaths.  From  these  sheaths,  as  well  as  from  the  inner  surface 
of  the  fibro-elastic  coat,  numerous  small  fibrous  bands,  trabecidce  (Fig.  556),  are 
given  off  in  all  directions;  these,  uniting,  constitute  the  areolar  framework  of  the 
spleen.  The  framework  of  the  .spleen  resembles,  therefore,  a  sponge-like  material. 
consisting  of  a  number  of  small  spaces  or  areola:  formed  by  the  trabeculffi  whieh 
are  given  off  from  the  inner  surface  of  the  capsule,  or  from  the  sheaths  prolonged 
inward  on  the  blood-vessels.  And  in  these  spaces  or  areolae  is  contained  the 
sp/enic  pulp. 

The  proper  coat,  the  sheaths  of  the  vessels  and  the  trabeculas,  consist  of  a 
dense  mesh  of  white  and  yellow  elastic  fibrous  tissues,  the  latter  considerably  pre- 
dominating. It  is  owing  to  the  presence  of  this  tissue  that  the  spleen  possesses 
a  considerable  amount  of  elasticity,  which  allows  of  the  very  great  variations  in 
size  that  it  presents  under  certain  circumstances.     In  addition   to  these    con- 


THE  SPLEEN.  963 

atitueots  of  this  tunic,  there  ia  found  in  man  a  small  amount  of  non-striped  muscu- 
lar fibre,  and  in  some  mammalia  {e.  g.  dog,  pig,  and  cat)  a  very  considerable 
amount,  so  that  the  trabeculse  appear  to  consist  chiefly  of  muscular  tissue.  It  is 
probably  owing  to  this  structure  that  the  spleen  exhibits,  when  acted  upon  by  the 
■  galvanic  current,  faint  traces  of  contractility. 

The  proper  substance  of  the  spleen  or  spleen-pulp  is  a  soft  mass  of  a  dark 
reddish-brown  color,  resembling  grumous  blood.  When  examined,  by  means  of  a 
chin  section,  under  a  microscope,  it  is  found  to  consist  of  a  number  of  branching 
cells  and  an  intercellular  substance.  The  cells  are  con  nee  live- tissue  corpuscles, 
and  have  been  named  the  suntentacuiar  or  supporting  cells  of  the  pulp.  The 
processes  of  these  branching  cells  communicate  with  each  other,  thus  forming  a 
delicate  reticulated  tissue  in  the  interior  of  the  areolie  formed  by  the  trabeculie  of 
the  capsule ;  so  that  each  primary  space  may  be  considered  to  be  divided  into  a 
number  of  smaller  spaces  by  the  junction  of  these  processes  of  the  branching 
corpuscles.  These  secondary  spaces  contain  blood,  in  which,  however,  (he  white 
corpuscles  are  found  to  be  in  larger  proportions  than  they  are  in  ordinary  blood. 
The  sustentacular  cells  are  either  small  uni-nucleated  or  larger  multi-nucleated 
cells;  they  do  not  become  deeply  stained  with  carmine,  like  the  cells  of  the 
Malpighian  bodies,  presently  to  be  described  (W.  Muller),  but  like  them  they  pos- 
sess amteboid  movements  (Cohnheim).  In  many  of  them  may  be  seen  deep  red 
or  reddish -yellow  granules  of  various  sizes  which  present  the  characters  of  the 
hiematin  of  the  hiood.  Sometimes,  also,  unchanged  blood-disks  are  seen  included 
in  these  cells,  but  more  frequently  blood-diska  are  found  which  are  altered  both 
in  form  and  color.  In  fact,  blood -corpuscles  in  all  stages  of  disintegration  may 
be  noticed  to  occur  within  them.  Klein  has  recently  pointed  out  that  some- 
times these  cells  in  the  young  spleen  contain  a  proliferating  nucleus;  that  is  to 
say,  the  nucleus  is  of  large  size,  and  presents  a  number  of  knob-like  projections, 
as  if  small  nuclei  were  budding  from  it  by  a  process  of  gemmation.  This  observa- 
tion is  of  importance,  as  it  may  explain  one  possible  source  of  the  colorless  blood- 
corpuscles. 

The  interspaces  or  areolae  formed  by  the  framework  of  the  spleen  are  thus  filled 
by  a  delicate  reticulum  of  branched  connective-tissue  corpuscles  the  interstices  of 
which  are  occupied  by  blood,  and  in  which  the  blood-vessels  terminate  in  the 
manner  now  to  be  described. 

Blood-vesseh  of  the  Spleen. — The  splenic  artery  is  remarkable  for  its  large 
size   in   proportion   to  the  size  of  the  organ,  and  also  for  its  tortuous  course. 


Fio,  .W7.— TransvErse  atttlon  of  the  human  Bpleeo,  showing  the  dlslribmlon  of  the  splenic  artery  nnd  Us 
branches. 

It  divides  into  from  four  to  six  branches  which  enter  the  hilum  of  the  spleen 
and    ramify  throughout   its   substance  (Fig.   557),   receiving   sheaths   from   an 
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involution  of  the  external  fibrous  tissue.     Similar  sheaths  also  invest  the  nerves 
and  veins. 

Each  branch  runs  in  the  transverse  axis  of  the  organ  from  within  outward, 
diminishing  in  size  during  its  transit,  and  eiving  off  in  its  passage  smaller 
branches,  some  of  which  pass  to  the  anterior,  others  to  the  posterior  part.  These  * 
ultimately  leave  the  trabecular  sheaths,  and  terminate  in  the  proper  substance  of 
the  spleen  in  small  tufts  or  pencils  of  minute  arterioles,  which  open  into  the 
interstices  of  the  reticulum  formed  by  the  branched  sustentacular  cells.  Each  of 
the  larger  branches  of  the  artery  supplies  chiefly  that  region  of  the  organ  in 
which  the  branch  ramifies,  having  no  anastomosis  with  the  majority  of  the  other 
branches. 

The  arterioles,  supported  by  the  minute  trabecule,  traverse  the  pulp  in 
all  directions  in  bundles  or  penicilli  of  straight  vessels.  Their  external  coat,  on 
leaving  the  trabecular  sheaths,  consists  of  ordinary  connective  tissue,  but  it  gradu- 
ally undergoes  a  transformation,  becomes  much  thickened,  and  is  converted  into 
a  lymphoid  material.'  This  change  is  effected  by  the  conversion  of  the  con- 
nective tissue  into  a  cystogenous  tissue,  the  bundles  of  connective  tissue  becoming 
looser  and  laxer,  their  fibrils  more  delicate,  and  containing  in  their  interstices 
an  abundance  of  lymph-corpuscles  (W.  Miiller).  This  lymphoid  material  is 
supplied  with  blood  by  minute  vessels  derived  from  the  artery  with  which  ther 
are  in  contact,  and  which  terminates  by  breaking  up  into  a  network  of  capillary 
vessels. 

The  altered  coat  of  the  arterioles,  consisting  of  lymphoid  tissue,  presents  here 
and  there  thickenings  of  a  spheroidal  shape,  the  Malpightan  bodies  of  the  spleen. 
These  bodies  vary  in  size  from  about  the  xhs  °^  *"  ''"^^  ^°  ^^^  ^  "^f  *i  >°'=t  '" 
diameter.     They  are  merely  local   expansions  or  hyperplasise  of  the  lymphoid 
tissue  of  which  the  external  coat  of  the  smaller  arteries  of  the  spleen  is  formed. 
They  are  most  frequently  found  surrounding  the  arteriole,  which  thus  seems  to 
tunnel   them,  but  occasionally  they  grow  from 
one  side  of  the  vessel   only,  and   present  the 
appearance  of  a  sessile  bud  growing  from  the 
arterial  wall.     Klein,  however,  denies  this,  and 
says  it  is  incorrect  to  describe  the  Malpighian 
bodies  as  isolated  masses  of  adenoid  tissue,  but 
that  they  are  always  formed  around  an  artery, 
though  there  is  generally  a  greater  amount  on 
one  side  than  the  other,  and  that  therefore  in 
transverse  sections  the  artery  in  the  majority 
of  cases  is  found  in  an  eccentric  position.    These 
bodies  are  visible  to  the  naked  eye  on  the  sur- 
face of  a  fresh  section  of  the  organ,  appearing 
_        f    u  i,j  h)  *^  minute  dots  of  semi-opaque  whitish  color  in 

of  the^Bpieon  of  man*  (Kfcfn  and"^bie  the  dark  Bubstancc  of  the  pulp.  In  minute 
^IiSn.  lAde?c!id^iufui!siiiiT»nu!n!'nK  Structure  they  resemble  the  adenoid  tissue  of 
Ire  l^«n'^7Trt^i)id''™ii(!'u!um "the  lY°>pl'*';'*'  glands.  Consisting  of  a  delicate  retic- 
lymph-corpuacies  ace ideniaUy  removed.  ulitm  in  the  meshcs  of  which  lie  ordinary  lyni- 
phoid  cells. 
The  reticulum  of  the  tissue  is  made  up  of  extremely  delicate  fibrils,  and  is 
comparatively  open  in  the  centre  of  the  corpuscle,  becoming  closer  at  the  periphery 
of  the  body.  The  cells  which  it  encloses,  like  the  supporting  cells  of  the  pulp, 
are  possessed  of  amoeboid  movements,  but  when  treated  with  carmine  become 
deeply  stained,  and  can  thus  easily  be  recognized  from  those  of  the  pulp. 

The  arterioles  terminate  in  capillaries  which  traverse  the  pulp  in  all  directions ; 
their  walls  become  much  attenuated,  lose  their  tubular  character,  and  the  cells  of 

'  According  to  KIt'in,  it  19  the  shealh  of  the  amall  vessel  which  undergoes  this  transfnmuiiion, 
and  forms  a  "solid  mass  of  adenoid  tissue  which  »urroundg  the  vessel  likeacjUndrical  sheath  "  (.-lr/(ii 
(^  IlUlolaijy,  p.  424). 
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the  lymphoid  tisaue  of  which  they  are  composed  become  altered,  preaenting  a 
branched  appearance  and  acquiring  processes  which  are  directly  connected  with 
the  processes  of  the  susCentacular  cells  of  the  pulp  (Fig.  559).  In  this  manner  the 
capillary  vessels  terminate,  and  the  blood  flowing  through  them  finds  its  way  into 
the  interstices  of  the  reticulated  tissue  fonned  by  the  branched  connective-tissue 
corpuscles  of  the  splenic  pulp.     Thus  the  blood  passing  through  the  spleen  is 

Bupportmg  celt.  Vatet  undergmns  ignphoid  cAangt. 


Tto,  S69.— Section  or  Bpl^cn.  showing  ttie  termination  of  the  amall  blood-vvsscli. 

brought  into  intimate  relation  with  the  elements  of  the  pulp,  and  no  doubt  under- 
goes important  changes. 

After  these  changes  have  taken  place  the  blood  is  collected  from  the  interstices 
of  the  tissue  by  the  rootlets  of  the  veins,  which  commence  much  in  the  same  way 
as  the  arteries  terminate.  Where  a  vein  is  about  to  commence  the  connective- 
tissue  corpuscles  of  the  pulp  arrange  themselves  in  rows  in  such  a  way  as  to  form 
an  elongated  space  or  sinus.  They  become  changed  in  shape,  being  elongated 
and  spindle-shaped,  and  overlap  each  other  at  their  extremities.  They  thus  form 
a  sort  of  endothelial  lining  of  the  path  or  sinus,  which  is  the  radicle  of  a  vein. 
On  the  outer  surface  of  these  cells  are  seen  delicate  transverse  lines  or  markings 
which  are  due  to  minute  elastic  fibrill^  arranged  in  a  circular  manner  around  the 
sinus.  Thus  the  channel  obtains  a  continuous  external  investment,  and  gradually 
becomes  converted  into  a  small  vein,  which  after  a  time  presents  a  coat  of 
ordinary  connective  tissue,  lined  bv  a  layer  of  fusiform  epithelial  cells  which  are 
continuous  with  the  supporting  cells  of  the  pulp.  The  smaller  veins  unite  to  form 
larger  ones  which  do  not  accompany  the  arteries,  but  soon  enter  the  trabecular 
sheaths  of  the  capsule,  and  by  their  junction  form  from  four  to  six  branches  which 
emerge  from  the  hilum  and,  uniting,  form  the  splenic  vein,  the  largest  radicle  of 
the  vena  porta. 

The  veins  are  remarkable  for  their  numerous  anastomoses,  while  the  arteries 
hardly  anastomose  at  all. 

The  lymphatics  originate  in  two  ways — i.  e.  from  the  sheaths  of  the  arteries 
and  in  the  trabeculie.  The  former  accompany  the  blood-vessels;  the  latter  pass 
to  the  superficial  lymphatic  plexus  which  may  be  seen  on  the  surface  of  the  organ. 
The  two  sets  communicate  in  the  interior  of  the  organ.  They  pass  through  the 
lymphatic  glands  at  the  hilum  and  terminate  in  the  thoracic  duct. 

The  nerves  are  derived  from  branches  of  the  right  and  left  semilunar  ganglia 
anJ  from  the  right  pneuraogastric  nerve. 

Sttrfiwe  Form.— The  spleen  is  situated  under  cover  of  (he  ribs  of  (he  left  aide,  being  seim- 
raled  from  theui  by  the  Diapliragiu,  and  above  by  a  Minall  portion  of  the  lower  niarK'n  of  (lie 
left  lunB.  Its  position  correaponda  to  the  ninth,  tenth,  and  olevenlh  ribs.  It  is  placed  very 
obliquely.  "  It  is  oblique  in  two  direMions,  viz.  from  nljove  downward  and  outward,  and  also 
from  above  downward  and  forward  "  (Cunninghaui)-     "  Its  liighest  and  lowest  poin(s  are  on  a 
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level  respectively  with  the  ninth  dorsal  and  first  lumbar  spines ;  its  inner  end  is  distant  about  an 
inch  ana  a  half  from  the  median  plane  of  the  body,  and  its  outer  end  about  reaches  the  mid- 
axillary  line  "  (Quain). 

Surgical  Anatomy. — Injury  of  the  spleen  is  less  common  than  that  of  the  liver,  on  account 
of  its  protected  situation  and  connections.  It  may  be  ruptured  by  direct  or  indirect  vioknce, 
torn  by  a  broken  rib,  or  injured  by  a  punctured  or  gunshot  wound.  When  the  organ  is  enlarged 
the  chance  of  rupture  is  increased.  The  great  riac  is  haemorrhage,  owing  to  the  §reat  vascu- 
larity of  the  organ,  and  the  absence  of  a  proper  svstem  of  capillaries.  The  injury  is  not,  how- 
ever, necessarily  fatal,  and  this  would  appear  to  be  due  in  a  great  measure  to  the  contractile 
power  of  its  capsule^  which  narrows  the  wound  and  prevents  the  escape  of  blood.  In  cai>es 
where  the  diagnosis  is  clear  and  the  symptoms  indicate  danger  to  life  laparotomy  must  be  per- 
formed ;  and  if  the  haemorrhage  cannot  be  stayed  by  ordinary  surgical  methods  the  spleen  most 
be  removed.  The  spleen  may  oecome  displaced,  producing  greatpain  from  stretching  of  tJie 
vessels  and  nerves,  and  this  may  require  removal  of  the  organ.  Tne  spleen  may  become  enor- 
mously enlarged  in  certain  diseased  conditions,  such  as  ague,  s>'philis,  valvular  disease  of  the 
heart,  or  without  any  obtainable  history  of  previous  disease.  It  may  also  become  enlarged  in 
hmphadenoma  as  a  part  of  a  general  blood-disease.  In  these  cases  the  tumor  may  sometimes 
fill  tne  abdomen  and  extend  into  the  pelvis,  and  may  be  mistaken  for  ovarian  or  uterine  disease. 

The  spleen  is  sometimes  the  seat  of  cystic  tumors,  especially  hydatids,  and  of  abscess. 
These  ca.ses  re(iuire  treatment  by  incision  and  drainage ;  and  m  abscess  great  care  must  be  taken 
if  there  are  no  adhesions  between  the  spleen  and  abdominal  cavity,  to  prevent  the  escape  of  any 
of  the  pus  into  the  peritoneal  cavitv.  If  possible,  the  operation  should  be  performed  in  two 
stages,  as  in  abscess  of  the  liver.  Sarcoma  and  carcinoma  are  occasionally  found  in  the  spleen, 
but  very  rarely  as  a  primary  disease. 

Extirpation  of  the  spleen  has  been  performed  for  wounds  or  iiyuries,  in  floating  spleen,  in 
simple  hypertrophy,  and  in  leukaemic  enlargement ;  but  in  these  latter  cases  the  operation  is 
now  regarded  as  unjustifiable,  as  every  case  in  which  it  has  been  performed  has  terminated 
fatally.  The  incision  is  best  made  in  tlie  left  semilunar  line :  the  spleen  is  isolated  from  its  sur- 
roundings, and  the  pedicle  transfixed  and  ligatured  in  two  portions,  before  the  tumor  is  turned 
out  of  the  abdominal  cavity,  if  this  is  possible,  so  as  to  avoid  any  traction  on  the  pedide,  which 
mav  cause  tearing  of  the  splenic  vein.  In  applying  the  ligature  care  must  be  taken  not  to 
include  the  tail  oi  the  pancreas,  and  in  lifting  out  the  organ  to  avoid  rupturing  the  capsule. 
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THE   Thorax   is  a  cone-shaped    cavity  containing  and   protecting  the  heart, 
enclosed  in  its  membranous  bag,  the  pericardium^  and  the  lungs,  invested  by 
the  pleura.     Its  shape  and  boundaries  have  already  been  described  (see  page  230). 

The  Cavity  of  the  Thorax. — The  size  of  the  cavity  of  the  thorax  does  not 
correspond  with  its  apparent  size  externally,  because  (1)  the  space  enclosed  by  the 
lower  ribs  is  occupied  by  some  of  the  abdominal  viscera,  and  (2)  the  cavity  extends 
above  the  first  rib  into  the  neck.  The  size  of  the  cavity  of  the  thorax  is  constantly 
varying  during  life  with  the  movements  of  the  ribs  and  Diaphragm  and  with  the 
degree  of  distension  of  the  abdominal  viscera.  From  the  collapsed  state  of  the 
lungs  in  the  dead  body  it  would  appear  as  if  the  viscera  only  partly  filled  the 
cavity  of  the  thorax,  but  during  life  there  is  no  vacant  space,  that  which  is  seen 
after  death  being  filled  up  by  the  expanded  lungs. 

The  Upper  Opening  of  the  Thorax. — The  parts  which  pass  through  the  upper 
opening  of  the  thorax  are,  from  before  backward  in  the  middle  line,  the  Sterno- 
hyoid and  Sterno-thyroid  muscles,  the  remains  of  the  thymus  gland,  the  trachea, 
oesophagus,  thoracic  duct,  and  the  Longus  colli  muscle  of  each  side ;  at  the  sides, 
the  innominate  artery,  the  left  common  carotid  and  left  subclavian  arteries,  the 
internal  mammary  and  superior  intercostal  arteries,  the  right  and  left  innom- 
inate veins,  and  the  inferior  thyroid  veins,  the  pneumogastric,  cardiac,  phrenic, 
and  sympathetic  nerves,  the  anterior  branch  of  the  first  dorsal  nerve,  and  the 
recurrent  laryngeal  nerve  of  the  left  side.  The  apex  of  each  lung,  covered  by 
the  pleura,  also  projects  through  this  aperture,  a  little  above  the  margin  of  the 
first  rib. 

The  lower  opening  of  the  thorax  is  wider  transversely  than  from  before  back- 
ward. It  slopes  obliquely  downward  and  backward,  so  that  the  cavity  of  the 
thorax  is  much  deeper  behind  than  in  front.  The  Diaphragm  (see  page  446)  closes 
in  the  opening,  forming  the  floor  of  the  thorax.  The  floor  is  flatter  at  the  centre 
than  at  the  sides,  and  is  higher  on  the  right  side  than  on  the  left,  corresponding  in 
the  dead  body  to  the  upper  border  of  the  fifth  costal  cartilage  on  the  former,  and 
to  the  corresponding  part  of  the  sixth  costal  cartilage  on  the  latter.  From  the 
highest  point  on  each  side  the  floor  slopes  suddenly  downward  to  the  attachment 
of  the  Diaphragm  to  the  ribs ;  this  is  more  marked  behind  than  in  front,  so  that 
only  a  narrow  space  is  left  between  it  and  the  wall  of  the  thorax. 

THE   PERICARDIUM. 

The  Pericardium  (Figs.  560,  561)  is  a  conical  membranous  sac  in  which  the 
heart  and  the  commencement  of  the  great  vessels  are  contained.-  It  is  placed 
behind  the  sternum  and  the  cartilages  of  the  third,  fourth,  fifth,  sixth,  and  seventh 
ribs  of  the  left  side,  in  the  interval  between  the  pleurae. 

Its  apex  is  directed  upward,  and  surrounds  the  great  vessels  about  two  inches 
above  their  origin  from  the  base  of  the  heart.  Its  base  is  attached  to  the  central 
tendon  and  part  of  the  adjoining  muscular  structure  of  the  Diaphragm,  extending 
a  little  farther  to  the  left  than  to  the  right  side.  In  front  it  is  separated  from  the 
sternum  by  the  remains  of  the  thymus  gland  above  and  a  little  loose  areolar  tissue 
below,  and  is  covered  by  the  margins  of  the  lungs,  especially  the  left.  Behind^  it 
rests  upon  the  bronchi,  the  oesophagus,  and  the  descending  aorta.  Laterally^  it  is 
covered  by  the  pleurae,  the  phrenic  nerve  with  its  accompanying  vessels  descending 
between  the  two  membranes  on  either  side. 

967 
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Structure  of  the  Fericardlnm. — The  pericardium  is  a  fibro-serous  membraDe. 

and  consists,  therefore,  of  two  layers,  an  external  fibrous  and  an  internal  serous. 
'Y\i&  fibrous  layer  is  a  strong,  dense  membrane.  Above,  it  surrounds  the  gresl 
vessels  arising  from  the  base  of  tbe  heart,  on  which  it  is  continued  in  the  form 
of  tubular  prolongations  which  are  gradually  lost  upon  their  external  coal,  the 
strongest  being  that  which  encloses  the  aorta.  The  pericardium  may  be  traced 
over  these  vessels,  to  become  continuous  with  the  deep  layer  of  the  cervical  fascia. 
On  each  side  of  the  ascending  aorta  it  sends  upward  a  diverticulum  :  the  one  od 


liaicnded  v.iih  plnatur.    (From  a  preparstliin  iiillif 

the  left  side,  somewhat  conical  in  shape,  passes  upward  and  outward,  between  the 
arch  of  the  aorta  and  the  pulmonary  artery,  as  far  as  the  ductus  arteriosus,  where  it 
terminates  in  a  ciiecal  extremity,  wliicb  is  attached  by  loose  connective  tissue  to  the 
obliterated  duct  (Fig.  660).  The  one  on  the  right  side  poises  upward  and  to 
the  right,  between  the  ascending  aorta  and  vena  cava  superior,  and  also  terminate? 
in  a  Ciecal  extremity.  Below,  tlie  fibrous  layer  is  attached  to  the  central  tendon 
of  the  Diaphragm,  and  on  the  left  side  to  its  muscular  fibre.'^. 

The  vessels  receiving  fibrous  prolongations  from  this  membrane  are  the 
aorta,  the  superior  vena  cava,  the  right  tmd  left  pulmonary  arteries,  and  the 
four  pulmonary  veins.  As  the  inferior  vena  cava  enters  the  pericardium  through 
the  central  tendon  of  the  Diaphragm  it  receives  no  covering  from  the  fibrous 
layer. 
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The  8erou»  layer  invests  tho  heart,  and  is  then  reflected  on  the  inner  surface  of 
the  pericardium.  It  consists,  therefore,  of  a  visceral  and  parietal  portion.  The 
former  invests  the  surface  of  the  heart  and  the  commencetnent  of  the  great  vessels 
rn  the  extent  of  two  inches  from  their  origin;  from  these  it  is  reflected  upon  the 
inner  surface  of  the  fibrous  layer,  lining,  below,  the  upper  surface  of  the  central 
tendon  of  the  Diaphragm.  The  serous  membrane  encloses  the  aorta  and  pul- 
monary artery  in  a  single  tube,  hut  it  only  partially  covers  the  superior  and 
inferior  vena  cava  and  the  four  pulmonary  veins.    Its  inner  surface  is  smooth  and 


rrom  behind.    (From  the  Biimi.-  preparatlun  as  Itiv  protcdJoK  Heurc.) 

glistening,  and  secretes  a  thin  fluid  which  serves  to  facilitate  the  movements  of  the 
heart. 

Arteries  of  the  Pericardium . — These  are  derived  from  the  internal  mammary 
and  its  musculo-phrenie  branch  and  from  the  descending  thoracic  aorta. 

J\'erve8  of  the  Pericardium. — These  are  branches  from  the  vagus,  the  phrenic, 
and  the  sympathetic. 

The  Vestigial  Fold  of  the  Pericardium.— In  front  of  the  root  of  the  left  lung 
there  is  a  vertical  fibrous  banil.  the  vegfigial  fold  of  Marshall.  It  is  formed  by  the 
remnant  of  the  lower  part  of  the  trunk  of  the  left  innominate  vein,  which  after 
birth  became  obliterated,  between  the  branch  communicating  with  the  right 
inDominate  vein  and  the  back  of  the  heart. 
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Surreal  Anatomr. — Paracenteais ofthe  pericardiumiaBometimearequiredmoi^esof effu- 
sion into  its  cavitj.  The  operation  is  best  perlbnued  in  the  fiflh  intercostal  space,  one  inch  to 
the  left  of  the  sternum.  Ine  operation  has  been  perlbrmed,  however,  in  the  iourtn,  sixth,  and 
seventh  spacea,  and  also  on  the  right  side  of  the  sternum. 

THH  HEABT. 

The  Heart  is  a  hollow  muBcular  organ,  of  a  conical  fonn,  placed  betvreen  the 
lungs  and  enclosed  in  the  cavity  of  the  pericardium. 

Position. — The  heart  is  placed  obliquely  in  the  chest ;  the  broad  attached  end. 
or  base,  is  directed  upward,  backward,  and  to  the  right,  aod  corresponds  to  the 


Fro.  563.— Front  view  of 

heth 

and  olher  Internal  OFKBiis.  I 

joriUce.  a 

aurleulo-ventricular  oriflce. 

interval  between  the  fifth  and  eighth  dorsal  vertebrje;  the  apex  is  directed 
downward,  forward,  and  to  the  left,  and  corresponds  to  the  space  between  the 
cartilage  of  the  fifth  and  sixth  ribs,  three-quarters  of  an  inch  to  the  inner  side,  and 
an  inch  and  a  half  below  the  loft  nipple.  The  heart  is  placed  behind  the  lower 
two-thirds  iif  the  sternum,  and  projects  fariher  into  the  left  than  into  the  right 
cavity  of  the  chest,  extending  from  the  median  line  about  three  inches  in  tfae 
former  direction,  and  only  one  and  a  half  in  the  latter.  The  anterior  surface 
of  the  heart  is  round  and  convex,  directed  upward  and  forward,  and  formed 
chiefly  by  the  right  ventricle  and  part  of  the  left.  Its  posterior  surface  is  flat- 
tened and  rests  upon  the  Diaphragm,  and  is  formed  chiefly  hy  the  left  ventricle. 
The  right  border  is  long,  thin,  and  sharp ;  the  left  border  short,  but  thick  and 
round. 
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Bin. — The  heart  in  the  adulC  measures  five  inches  in  length,  three  inches  and 
a  half  in  breadth  in  the  broadest  part,  and  two  inches  and  a  half  in  thickness. 
The  prevalent  weight,  in  the  male,  varies  from  ten  to  twelve  ounces  ;  in  the  female, 
from  eight  to  ten  :  its  proportions  to  the  body  being  as  1  to  169  in  males,  1  to 
149  in  females.  The  heart  continues  increasing  in  weight,  and  also  in  length, 
breadth,  and  thickness,  up  to  an  advanced  period  of  life:  this  increase  is  more 
marked  in  men  than  in  women. 

Oomponent  Parts. — The  heart  is  subdivided  by  a  longitudinal  muscular  septum 
into  two  lateral  halves,  which  are  named  respectively,  from  their  position,  right 
and  left;  and  a  transverse  constriction  subdivides  each  half  of  the  organ  into  two 
cavities,  the  upper  cavity  on  each  side  being  called  the  auricle,  the  lower  the  ven^ 
tricle.     The  right  is  the  venous  side  of  the  heart,  receiving  into  its  auricle  the 


Flo.  563.— The  right  auricle  and  ventricle  laid  open,  the  anterior  whIIb  of  both  being  naooTed. 

dark  venous  blood  from  the  entire  body,  by  the  superior  and  inferior  vena  cava 
and  coronary  sinus.  From  the  right  auricle  the  blood  passes  into  the  right 
ventricle,  and  from  the  right  ventricle,  through  the  pulmonary  artery,  into  the 
lungs.  The  blood,  arterialized  by  its  pa3.sage  through  the  lungs,  is  returned  to 
the  left  side  of  the  heart  by  the  pulmonary  veins,  which  open  into  the  left  auricle; 
from  the  left  auricle  the  blood  passes  into  the  left  ventricle,  and  from  the  left 
ventricle  is  distributed,  by  the  aorta  and  its  subdivisions,  through  the  entire  body. 
This  constitutes  the  circulation  of  the  blood  in  the  adult. 

The  division  of  the  heart  into  four  cavities  is  indicated  by  grooves  upon  its 
surface.  The  great  transverse  groove  separating  the  auricles  from  the  ventricles 
is  called  the  nuriculo-ventrieuhir  groove.  It  is  deficient,  in  front,  from  being 
crossed  by  the  root  of  the  pulmonary  artery.  It  contains  the  trunks  of  the 
nutrient  vessels  of  the  heart.  The  auricular  portion  occupies  the  base  of  the  heart, 
and  is  subdivided  into  two  cavities  by  a  median  septum.  The  two  ventricles  are 
also  separated  into  a  right  and  left  by  two  longitudinal  furrows,  the  in(erven- 
tri&uJar  grooves,  which  are  situated  one  on  the  anterior,  the  other  on  the  posterior 
surface  ;  these  extend  from  the  base  to  the  apex  of  the  organ,  the  former  being 
situated  nearer  to  the  left  border  of  the  heart,  and  the  latter  to  the  right.     It  fol- 
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lows,  therefore,  that  the  right  ventricle  forms  the  greater  portion  of  the  anterior 
surface  of  the  heart,  and  the  left  ventricle  more  of  its  posterior  surface. 
Each  of  these  cavities  should  now  be  separately  examined. 

To  examine  the  interior  of  the  right  auricle,  an  incision  should  be  made  along  its  right  bor- 
der from  the  entrance  of  the  superior  vena  cava  to  that  of  the  inferior.  A  second  cut  is  to  be 
made  from  the  centre  of  this  first  incision  to  the  tip  of  the  auricular  appendix,  and  the  flaps 
raised. 

The  Right  Auricle  is  a  little  larger  than  the  left,  its  walls  somewhat  thinner, 
measuring  about  one  line,  and  its  cavity  is  capable  of  containing  about  two  ounces. 
It  consists  of  two  parts — a  principal  cavity,  or  sinvs  veno9U8,  and  an  appendix 
auriculce. 

The  sinus  is  the  large  quadrangular  cavity  placed  between  the  two  venae  cavse ; 
its  walls  are  extremely  thin ;  it  is  connected  below  with  the  right  ventricle,  and 
internally  with  the  left  auricle,  being  free  in  the  rest  of  its  extent. 

The  appendix  auriculce^  so  called  from  its  fancied  resemblance  to  a  dog's  ear, 
is  a  small  conical  muscular  pouch  the  margins  of  which  present  a  dentated  edge. 
It  projects  from  the  sinus  forward  and  to  the  left  side,  overlapping  the  root  of  the 
aorta. 

The  internal  surface  of  the  right  auricle  is  smooth,  except  in  the  appendix  and 
adjacent  part  of  the  anterior  wall  of  the  sinus  venosus,  where  it  is  thrown  into 
parallel  ridges. 

It  presents  the  following  parts  for  examination: 

C  Superior  cava. 
Inferior  cava.  VI'     i  Eustachian. 

Openings  \   Coronary  sinus.  \  Coronary. 

Foramina  Thebesii. 
(^  Auriculo-ventricular. 

Relics  of  foetal  f  Annulus  ovalis. 
structure      \  Fossa  ovalis. 
Musculi  pectinati. 
Tuberculum  Loweri. 

The  superior  vena  cava  returns  the  blood  from  the  upper  half  of  the  body,  and 
opens  into  the  upper  and  back  part  of  the  auricle,  the  direction  of  its  orifice  being 
downward  and  forward. 

The  inferior  vena  cava^  larger  than  the  superior,  returns  the  blood  from  the 
lower  half  of  the  body,  and  opens  into  the  lowest  part  of  the  auricle  near  the 
septum,  the  direction  of  its  orifice  being  upward  and  inward.  The  direction  of 
a  current  of  blood  through  the  superior  vena  cava  would  consequently  be  toward 
the  auriculo-ventricular  orifice,  whilst  the  direction  of  the  blood  through  the 
inferior  cava  would  be  toward  the  auricular  septum.  This  is  the  normal  direction 
of  the  two  currents  in  foetal  life. 

The  tuberculum  Loweri  is  a  small  projection  on  the  right  wall  of  the  auricle, 
between  the  two  venae  cavae.  It  is  most  distinct  in  the  hearts  of  quadrupeds ;  in 
man  it  is  scarcely  visible.  It  was  supposed  by  Lower  to  direct  the  blood  from  the 
superior  cava  toward  the  auriculo-ventricular  opening. 

The  coronary  sinus  opens  into  the  auricle,  between  the  inferior  vena  cava  and 
the  auriculo-ventricular  opening.  It  returns  the  blood  from  the  substance 
of  the  heart,  and  is  protected  by  a  semicircular  fold  of  the  lining  membrane 
of  the  auricle,  the  coronary  valve.  The  sinus,  before  entering  the  auricle,  is 
considerably  dilated — nearly  to  the  size  of  the  end  of  the  little  finger.  Its 
wall  is  partly  muscular,  and  at  its  junction  with  the  great  coronary  vein  is 
somewhat  constricted  and  furnished  with  a  valve  consisting  of  two  unequal  seg- 
ments. 

The  foramina  Thebesii  are  numerous  minute  apertures,  the  mouths  of  small 
veins  (veme  cordis  miyiimce)^  which  open  on  various  parts  of  the  inner  surface  of 
the  auricle.     They  return  the  blood  directly  from  the  muscular  substance  of  the 
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heart.  Some  of  these  foramina  are  minute  depressions  in  the  walls  of  the  heart, 
presenting  a  closed  extremity. 

The  auriculo-ventricular  opening  is  the  large  oval  aperture  of  communication 
between  the  auricle  and  the  ventricle,  to  be  presently  described. 

The  Eustachian  valve  is  situated  between  the  anterior  margin  of  the  inferior 
vena  cava  and  the  auriculo-ventricular  orifice.  It  is  semilunar  in  form,  its  convex 
margin  being  attached  to  the  wall  of  the  vein ;  its  concave  margin,  which  is  free, 
terminating  in  two  cornua,  of  which  the  left  is  attached  to  the  anterior  edge  of 
the  annulus  ovalis,  the  right  being  lost  on  the  wall  of  the  auricle.  The  valve  is 
formed  by  a  duplicature  of  the  lining  membrane  of  the  auricle  containing  a  few 
muscular  fibres. 

In  the  foetus  this  valve  is  of  large  size,  and  serves  to  direct  the  blood  from  the 
inferior  vena  cava,  through  the  foramen  ovale,  into  the  left  auricle. 

In  the  adult  it  is  occasionally  persistent,  and  may  assist  in  preventing  the 
reflux  of  blood  into  the  inferior  vena  cava ;  more  commonly  it  is  small,  and  its 
free  margin  presents  a  cribriform  or  filamentous  appearance ;  occasionally  it  is 
altogether  wanting. 

The  coronary  valve  (valve  of  Thebesius)  is  a  semicircular  fold  of  the  lining 
membrane  of  the  auricle,  protecting  the  orifice  of  the  coronary  sinus.  It  prevents 
the  regurgitation  of  blood  into  the  sinus  during  the  contraction  of  the  auricle. 
This  valve  is  occasionally  double. 

The  fossa  ovalis  is  an  oval  depression  corresponding  to  the  situation  of  the 
foramen  ovale  in  the  foetus.  It  is  situated  at  the  lower  part  of  the  septum  auricu- 
larum,  above  and  to  the  left  of  the  orifice  of  the  inferior  vena  cava. 

The  annulus  ovalis  is  the  prominent  oval  margin  of  the  foramen  ovale.  It  is 
most  distinct  above  and  at  the  sides ;  below,  it  is  deficient.  A  small  slit-like 
valvular  opening  is  occasionally  found,  at  the  upper  margin  of  the  fossa  ovalis, 
which  leads  upward  beneath  the  annulus  into  the  left  auricle,  and  is  the  remains 
of  the  aperture  between  the  two  auricles  in  the  foetus. 

The  musculi  pectinati  are  small,  prominent  muscular  columns  which  run  across 
the  inner  surface  of  the  appendix  auriciilse  and  adjoining  portion  of  the  wall  of  the 
sinus.  They  have  received  the  name  pectinati  from  the  fancied  resemblance  they 
bear  to  the  teeth  of  a  comb. 

The  Right  Ventricle  is  triangular  in  form,  and  extends  from  the  right  auricle 
to  near  the  apex  of  the  heart.  Its  anterior  or  upper  surface  is  rounded  and 
convex,  and  forms  the  larger  part  of  the  front  of  the  heart.  Its  under  surface  is 
flattened,  rests  upon  the  Diaphragm,  and  forms  only  a  small  part  of  the  back  of 
the  heart.  Its  posterior  wall  is  formed  by  the  partition  between  the  two 
ventricles,  the  septum  ventriculorum^  the  surface  of  which  is  convex  and  bulges 
into  the  cavity  of  the  right  ventricle.  Its  upper  and  inner  angle  is  prolonged 
into  a  conical  pouch,  the  irifundibulum  or  conus  arteriosus^  from  which  the  pul- 
monary artery  arises.  The  walls  of  the  right  ventricle  are  thinner  than  those 
of  the  left,  the  proportion  between  them  being  as  1  to  3.  The  wall  is  thickest 
at  the  base,  and  gradually  becomes  thinner  toward  the  apex.  The  cavity,  which 
equals  that  of  the  left  ventricle,  is  capable  of  containing  about  three  fluidounces.* 

To  examine  the  interior  of  the  right  ventricle,  an  incision  should  be  made  a  little  to  the 
right  of  the  anterior  interventricular  groove  firom  the  puhnonary  artery  to  the  apex  of  the 
heart,  and  should  be  carried  up  from  thence  a  little  to  the  right  of  the  posterior  interventricular 
srroove,  as  far  as  the  auriculo-ventricular  opening. 

The  following  parts  present  themselves  for  examination : 

^       .         j  Auriculo-ventricular. 
penings  <  Opening  of  the  pulmonary  artery. 

Valves       /  '^'^icuspid. 
valves       I  Semilunar. 

*  Morrant  Baker  says  that  "  taking  the  means  of  varions  estimates,  it  may  be  inferred  that  each 
ventricle  is  able  to  contain  four  to  six  ounces  of  blood"  (Kirke's  Physiology,  lOth  edition,  p.  156 j. 
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And  a  muscular  and  tendinous  apparatus  connected  with-  the  tricuspid  valve : 

Columnae  carneae.  Chordae  tendineae. 

The  auriculO'Ventricular  orifice  is  the  large  oval  aperture  of  communication 
between  the  auricle  and  ventricle.  It  is  situated  at  the  base  of  the  ventricle,  near 
the  right  border  of  the  heart.  The  opening  is  about  an  inch  in  diameter,*  oval 
from  side  to  side,  surrounded  by  a  fibrous  ring,  covered  by  the  lining  membrane 
of  the  heart,  and  rather  larger  than  the  corresponding  aperture  on  the  left  side, 
being  sufficiently  large  to  admit  the  ends  of  four  fingers.  It  is  guarded  by  the 
tricuspid  valve. 

The  opening  of  the  pulmonary  artery  is  circular  in  form,  and  situated  at 
the  summit  of  the  conus  arteriosus,  close  to  the  septum  ventriculorum.  It 
is  placed  on  the  left  side  of  the  auriculo-ventricular  opening,  upon  the  anterior 
aspect  of  the  heart.     Its  orifice  is  guarded  by  the  pulmonary  semilunar  valves. 

The  tricuspid  valve  consists  of  three  segments  of  a  triangular  or  trapezoidal 
shape,  formed  by  a  duplicature  of  the  lining  membrane  of  the  heart,  strengthened 
by  a  layer  of  fibrous  tissue,  and  containing,  according  to  Kurschner  and  Senac, 
muscular  fibres.  These  segments  are  connected  by  their  bases  to  the  auriculo- 
ventricular  orifice,  and  by  their  sides  with  one  another,  so  as  to  form  a  continuous 
annular  membrane  which  is  attached  round  the  margin  of  the  auriculo-ventricular 
opening,  their  free  margins  and  ventricular  surfaces  aflFording  attachment  to  a 
number  of  delicate  tendinous  cords,  the  chordce  tendinece.  The  largest  and  most 
movable  segment  is  placed  toward  the  left  side  of  the  auriculo-ventricular  opening, 
interposed  between  that  opening  and  the  pulmonary  artery.  Another  segment 
corresponds  to  the  front  of  the  ventricle,  and  a  third  to  its  posterior  wall.  The 
central  part  of  each  segment  is  thick  and  strong ;  the  lateral  margins  are  thin  and 
indented.  The  chordae  tendineae  are  connected  with  the  adjacent  margins  of  the 
principal  segments  of  the  valve,  and  are  further  attached  to  each  segment  in  the 
following  manner :  1.  Three  or  four  reach  the  attached  margin  of  each  segment, 
where  they  are  continuous  with  the  auriculo-ventricular  tendinous  ring.  2.  Others, 
four  to  six  in  number,  are  attached  to  the  central  thickened  part  of  each  segment. 
3.  The  most  numerous  and  finest  are  connected  with  the  marginal  portion  of  each 
segment. 

The  columnce  camece  are  the  rounded  muscular  columns  which  project  from 
nearly  the  whole  of  the  inner  surface  of  the  ventricle,  excepting  near  the  opening 
of  the  pulmonary  artery,  where  the  wall  becomes  smooth.  They  may  be  classified, 
according  to  their  mode  of  connection  with  the  ventricle,  into  three  sets:  The  first 
set  merely  form  prominent  ridges  on  the  inner  surface  of  the  ventricle,  being 
attached  by  their  entire  length  on  one  side,  as  well  as  by  their  extremities ;  the 
second  set  are  attached  by  their  two  extremities,  but  are  free  in  the  rest  of  their 
extent ;  whilst  the  third  set  (musculi  papillares),  three  or  four  in  number,  are 
attached  by  one  extremity  to  the  wall  of  the  heart,  the  opposite  extremity  giving 
attachment  to  the  chordce  tendinece. 

The  semilunar  valves^  three  in  number,'  guard  the  orifice  of  the  pulmonary 
artery.  They  consist  of  three  semicircular  folds,  two  anterior  (right  and  left)  and 
one  posterior,  formed  by  a  duplicature  of  the  lining  membrane  strengthened  by 
fibrous  tissue.  They  are  attached  by  their  convex  margins  to  the  wall  of  the 
artery  at  its  junction  with  the  ventricle,  the  straight  border  being  free,  and  directed 

*  111  the  Pathological  Ti^ansactions,  vol.  vi.  p.  119,  Dr.  Peacock  has  given  some  careful  researches 
upon  the  weight  and  dimensions  of  the  heart  in  health  and  disease.  He  states,  as  the  result  of  his 
investigations,  that  in  the  healthy  adult  heart  the  right  auriculo-ventricular  aperture  has  a  mean  cir- 
cumference of  54.4  lines,  or  4|  J  inches ;  the  left  auriculo-ventricular  aperture,  a  mean  circumference 
of  44.3  lines,  or  3|f  inches;  the  pulmonic  orifice,  of  40  lines,  or  3JJ  inches;  and  the  aortic  orifice, 
of  35.5  lines,  or  3ij\  inches;  but  the  dimensions  of  the  orifices  varied  greatly  in  different  cases, 
the  auriculo-ventricular  ajjerture  having  a  range  of  from  45  to  60  lines,  and  the  others  in  the  same 
proportion. 

*  The  pulmonary  semilunar  valves  have  l^een  found  to  be  two  in  number,  instead  of  three  ( Dr. 
Hand,  of  St.  Paul,  Minn.,  in  the  North- Western  Med,  and  Surg.  Jour.,  July,  1873),  and  the  same 
variety  is  more  frequently  noticed  in  the  aortic  semilunar  valves. 
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upward  in  the  course  of  the  vessel,  against  the  sides  of  which  the  valve-flaps  are 
pressed  during  the  passage  of  the  blood  along  the  artery.  The  free  margin  of  each 
is  somewhat  thicker  than  the  rest  of  the  valve,  is  strengthened  by  a  bundle  of 
tendinous  fibres,  and  presents  at  its  middle  a  small  projecting  thickened  nodule 
called  corpus  Arantii}  From  this  nodule  tendinous  fibres  radiate  through  the  valve 
to  its  attached  margin,  and  these  fibres  form  a  constituent  part  of  its  substance 
throughout  its  whole  extent,  excepting  two  narrow  lunated  portions  placed  on 
each  side  of  the  nodule  immediately  behind  the  free  margin ;  here  the  valve  is 
thin  and  formed  merely  by  the  lining  membrane.  During  the  passage  of  the 
blood  along  the  pulmonary  artery  these  valves  are  pressed  against  the  sides  of  the 
cylinder  and  the  course  of  the  blood  along  the  tube  is  uninterrupted ;  but  during 
the  ventricular  diastole,  when  the  current  of  blood  along  the  pulmonary  artery 
is  checked  and  partly  thrown  back  by  its  elastic  walls,  these  valves  become 
immediately  expanded  and  effectually  close  the  entrance  of  the  tube.  When  the 
valves  are  closed  the  lunated  portions  of  each  are  brought  into  contact  with  one 
another  by  their  opposed  surfaces,  the  three  corpora  Arantii  filling  up  the  small 
triangular  space  that  would  be  otherwise  left  by  the  approximation  of  the  three 
semilunar  valves. 

Between  the  semilunar  valves  and  the  commencement  of  the  pulmonary  artery 
are  three  pouches  or  dilatations,  one  behind  each  valve.  These  are  the  pulmonary 
sinuses  (siniLses  of  Valsalva).  Similar  sinuses  exist  between  the  semilunar  valves 
and  the  commencement  of  the  aorta ;  they  are  larger  than  the  pulmonary  sinuses. 
The  blood,  in  its  regurgitation  toward  the  heart,  finds  its  way  into  these  sinuses, 
and  so  shuts  down  the  valve-flaps. 

In  order  to  examine  the  interior  of  the  left  auricle,  make  an  incision  on  the  posterior  surface 
of  the  auricle  from  the  pulmonary  veins  on  one  side  to  those  on  the  other,  the  incision  beiuK 
carried  a  little  way  into  the  vessels.  Make  another  incision  from  the  middle  of  the  horizontal 
one  to  the  appendix. 

The  Left  Auricle  is  rather  smaller  than  the  right ;  its  walls  thicker,  measuring 
about  one  line  and  a  half;  it  consists,  like  the  right,  of  two  parts,  a  principal  cavity 
or  siniLS  and  an  appendix  auriculcB, 

The  sinus  is  cuboidal  in  form,  and  concealed  in  front  by  the  pulmonary  artery 
and  aorta;  internally,  it  is  separated  from  the  right  auricle  by  the  septum  auricu- 
lar um  ;  behind,  it  receives  on  each  side  the  pulmonary  veins,  being  free  in  the  rest 
of  its  extent. 

The  appendix  auriculce  is  somewhat  constricted  at  its  junction  with  the  auricle ; 
it  is  longer,  narrower,  and  more  curved  than  that  of  the  right  side,  and  its  margins 
more  deeply  indented,  presenting  a  kind  of  foliated  appearance.  Its  direction  is 
forward  and  toward  the  right  side,  overlapping  the  root  of  the  pulmonary  artery. 

The  following  parts  present  themselves  for  examination : 

The  openings  of  the  four  pulmonary  veins. 
Auriculo-ventricular  opening. 
Musculi  pectinati. 

The  pulmonary  veinSy  four  in  number,  open,  two  into  the  right,  and  two  into 
the  left  side  of  the  auricle.  The  two  left  veins  frequently  terminate  by  a  common 
opening.     They  are  not  provided  with  valves. 

The  auriculo-ventricular  opening  is  the  large  oval  aperture  of  communication 
between  the  auricle  and  ventricle.  It  is  rather  smaller  than  the  corresponding 
opening  on  the  opposite  side  (see  note,  page  974). 

'  In  former  editions,  as  well  as  in  other  text-books  on  anatomy,  these  little  nodules  have  been 
described  as  fibro-cartilaginous  in  structure.  At  my  request,  Dr.  Le  Cronier  Lancaster,  Demonstrator 
of  Anatomy  at  St  George's  Hospital,  has  investigated  this  subject,  and  reports  that  the  **  corpora 
Arantii "  appear  to  consist  of  bundles  of  interlacing  connective-tissue  fibres  with  branched  connective- 
tisi«ue  cells,  and  some  few  elastic  fibres.  Occasionally  a  rounded  cell,  with  indistinct  capsule,  resem- 
bling a  cartilage-cell  was  seen  ;  but  there  were  not  many  of  them.  At  the  free  etlge  of  the  corpus  the 
structure  is  denser,  there  being  a  larger  proportion  of  fibres  to  cells  than  in  the  central  portion.  He 
thinks  the  structure  of  the  corpus  should  be  put  down  as  fibrous  and  not  fibro-cartilaginous. 
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The  museuli  peetinati  are  fewer  in  number  and  Bmaller  than  on  the  right  side : 

they  are  confined  to  the  inner  surface  of  the  appendix. 

On  the  inner  surface  of  the  septum  auricularum  may  be  seen  a  lunated 
impression  bounded  below  by  a  ereacentic  ridge  the  concavity  of  which  ia  turned 
upward.     The  depression  is  juat  above  the  fossa  ovaiis  in  the  right  auricle. 

To  esotnine  the  interior  of  the  left  ventricle,  make  an  incision  a  little  to  the  left  of  tjic 
anterior  interventricular  groove  from  the  base  to  the  apex  of  the  heart,  and  cany  it  up  fpuni 
thenee,  a  little  to  the  lell  of  the  posterior  interventnculor  groove,  nearly  as  far  as  the  aurieulu- 
Tentricular  groove. 

The  I.eft  Ventricle  ia  longer  and  more  conical  in  shape  than  the  right 
ventricle.     It  forms  a  small  part  of  the  left  side  of  the  anterior  surface  of  the 


Fio.  SU.-Thc  leu  auricle  and  venlrlclc  Isld  opvD,  Ihe  poBlerior  walls  of  both  bclos  removed. 

heart,  and  a  conaiderable  part  of  ita  poaterior  surface.     It  aiao  forms  the  apex  of 

the  heart  by  its  projection  beyond  the  right  ventricle.     Its  walla  are  much  thicker 

than  those  of  the  right  side,  the  proportion  being  as  3  to  1.     They  are  also  thickest 

in  the  broadest  part  of  the  ventricle,  becoming  gradually  thinner  toward  the  base, 

and  also  toward  the  apex,  which  is  the  thinnest  part. 

The  following  parts  present  themselves  for  examination: 

^.  f  Auriculo-ventricular.  -.j  ,        f  Mitral. 

Op»mg»  I  ^^^,.^  V.lve.  I  s,„i,„„„. 

ChoidiB  tendinese.  Columnee  carnese. 

The  aurlfuh-ventrinilar  opening  is  placed  below  and  to  the  left  of  the  aortic 
orifice.  It  is  a  little  smaller  than  the  corresponding  aperture  of  the  opposite  side, 
and,  like  it,  is  broader  in  the  transverse  than  in  the  antero-posterior  diameter.  It 
is  surrounded  by  a  dense  fibrous  ring,  covered  by  the  lining  membrane  of  the 
heart,  and  guarded  by  the  mitral  vaJves. 

The  aortic  opening  ia  a  circular  aperture  in  front  and  to  the  right  side  of  the 
auriculo-ventricular,  from  which  it  ia  separated  by  one  of  the  segments  of  the 
mitral   valve.     Its  orifice  is  guarded  by  the  semilunar  valves. 
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The  mitral  valve  is  attached  to  the  circumference  of  the  auriculo- ventricular 
orifice  in  the  same  way  that  the  tricuspid  valve  is  on  the  opposite  side.  It  is 
formed  by  a  duplicature  of  the  lining  membrane  strengthened  by  fibrous  tissue,  and 
coutaina  a  few  muscular  fibres.  It  is  larger  in  size,  thicker,  and  altogether  stronger 
ihan  the  tricuspid,  and  consists  of  two  segments  of  unequal  size.  The  larger  seg- 
ment is  pla«ed  in  front,  between  the  auriculo-ventricular  and  aortic  orifices,  and 
is  said  to  prevent  the  filling  of  the  aorta  during  the  distension  of  the  ventricle. 
Two  smaller  segments  are  usually  found  at  the  angles  of  junction  of  the  larger. 
The  mitral  valve-flaps  are  furnished  with  chordae  tendinese,  the  mode  of  attach- 
ment of  which  is  precisely  similar  to  that  of  those  on  the  right  side,  but  they  are 
thicker,  stronger,  and  less  numerous. 

The  semilunar  valves  surround  the  orifice  of  the  aorta ;  two  are  posterior  (right 
and  left),  and  one  anterior:  they  are  similar  in  structure  and  in  their  mode  of 
attachment  to  those  of  the  pulmonary  artery.  They  are,  however,  larger,  thicker, 
and  stronger  than  those  of  the  right  side,  the  lunulse  are  more  distinct,  and  the 
ciirpora  Arantii  larger  and  more  prominent.  Between  each  valve  and  the  cylinder 
of  the  aorta  is  a  deep  depression,  the  sinv»  aortici  (sinuses  of  Valsalva) ;  they  are 
larger  than  those  of  the  root  of  the  pulmonary  artery. 

The  eolumncF  earnem  admit  of  a  subdivisioQ  into  three  sets,  like  those  upon  the 
right  side,  but  they  are  smaller,  more  numerous,  and  present  a  dense  interlace- 
ment, especially  at  the  apex  and  upon  the  posterior  wall.  Those  attached  by  one 
estremitj  only,  the  musculi  papillare»,  are  two  in  number,  being  connected  one  to 


Fio.  565.— Section  of  the  beart,  Bhovrlog  tbc  Inleraurlcular  and  lnt«rv(!ntiiou1ar  aepU. 

the  anterior,  the  other  to  the  posterior  wall ;  they  are  of  large  size,  and  terminate 
by  free  rounded  extremities  from  which  the  chordae  tendinese  arise. 

The  septum  between  the  two  ventricles  is  thick,  especially  below  (Fig.  565). 
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At  its  upper  part  it  suddenly  tapers  oflF  and  becomes  destitute  of  muscular  fibres, 
consisting  only  of  fibrous  tissue  covered  by  two  layers  of  endocardium,  and  on  the 
right  side  also  covered  by  one  of  the  flaps  of  the  tricuspid  valve.  It  is  continued 
upward,  and  forms  the  septum  between  the  aortic  vestibule  and  the  right  auricle. 
It  is  derived  from  the  lower  part  of  the  aortic  septum  of  the  foetus,  and  an  abnormal 
communication  may  exist  at  this  part  owing  to  defective  development  of  this 
septum. 

The  Endocardium  is  a  thin  membrane  which  lines  the  internal  surface  of  the 
heart ;  it  assists  in  forming  the  valves  by  its  reduplications,  and  is  continuous  w^ith 
the  lining  membrane  of  the  great  blood-vessels.  It  is  a  smooth,  transparent 
membrane,  giving  to  the  inner  surface  of  the  heart  its  glistening  appearance.  It 
is  more  opaque  on  the  left  than  on  the  right  side  of  the  heart,  thicker  in  the 
auricles  than  in  the  ventricles,  and  thickest  in  the  left  auricle.  It  is  thin  on  the 
musculi  pectinati  and  on  the  columnae  carneae,  but  thicker  on  the  smooth  part  of 
the  auricular  and  ventricular  walls  and  on  the  tips  of  the  musculi  papillares. 

Stmcture. — The  heart  consists  of  muscular  fibres  and  of  fibrous  rings  which 
serve  for  their  attachment. 

The^Jrow«rtn^«  surround  the  auriculo- ventricular  and  arterial  orifices :  they  are 
stronger  upon  the  left  than  on  the  right  side  of  the  heart.  The  auriculo- ventricular 
rings  serve  for  the  attachment  of  the  muscular  fibres  of  the  auricles  and  ventricles, 
and  also  for  the  mitral  and  tricuspid  valves ;  the  ring  on  the  left  side  is  closely 
connected  by  its  right  margin  with  the  aortic  arterial  ring.  Between  these  and 
the  right  auriculo-ventricular  ring  is  a  mass  of  fibrous  tissue,  and  in  some  of  the 
larger  animals,  as  the  ox  and  elephant,  a  nodule  of  bone. 

The  fibrous  rings  surrounding  the  arterial  orifices  serve  for  the  attachment  of 
the  great  vessels  and  semilunar  valves.  Each  ring  receives,  by  its  ventricular 
margin,  the  attachment  of  the  muscular  fibres  of  the  ventricles ;  its  opposite  margin 
presents  three  deep  semicircular  notches,  within  which  the  middle  coat  of  the 
artery  (which  presents  three  convex  semicircular  segments)  is  firmly  fixed,  the 
attachment  of  the  artery  to  its  fibrous  ring  being  strengthened  by  the  thin  cellular 
coat  and  serous  membrane  externally  and  by  the  endocardium  within.  It  is 
opposite  the  margins  of  these  semicircular  notches,  in  the  arterial  rings,  that  the 
endocardium  by  its  reduplication,  forms  the  semilunar  valves,  the  fibrous  structure 
of  the  ring  being  continued  into  each  of  the  segments  of  the  valve  at  this  part. 
The  middle  coat  of  the  artery  in  this  situation  is  thin,  and  the  sides  of  the  vessel 
are  dilated  to  form  the  sinuses  of  Valsalva. 

The  muscular  structure  of  the  heart  consists  of  bands  of  fibres  which  present 
an  exceedingly  intricate  interlacement.  They  are  of  a  deep  red  color  and  marked 
with  transverse  striae  (page  67). 

The  muscular  fibres  of  the  heart  admit  of  a  subdivision  into  two  kinds,  those  of 
the  auricles  and  those  of  the  ventricles,  which  are  quite  independent  of  one 
another. 

Fibres  of  the  Auricles. — These  are  disposed  in  two  layers — a  superficial  layer 
common  to  both  cavities,  and  a  deep  layer  proper  to  each.  The  superficial  fibres 
are  more  distinct  on  the  anterior  surface  of  the  auricles,  across  the  bases  of  which 
they  run  in  a  transverse  direction,  forming  a  thin,  but  incomplete  layer.  Some  of 
these  fibres  pass  into  the  septum  auricularum.  The  internal  or  deep  fibres  ^roi^er 
to  each  auricle  consist  of  two  sets,  looped  and  annular  fibres.  The  looped  fibres 
pass  upward  over  each  auricle,  being  attached  by  two  extremities  to  the  corre- 
sponding auriculo-ventricular  rings  in  front  and  behind.  The  annular  fibres 
surround  the  whole  extent  of  the  appendices  auricularum,  and  are  continued  upon 
the  walls  of  the  venae  cavae  and  coronary  sinus  on  the  right  side,  and  upon  the 
pulmonary  veins  on  the  left  side,  at  their  connection  with  the  heart.  In  the 
appendices  they  interlace  with  the  longitudinal  fibres. 

The  fibres  of  the  ventricles  are  arranged  in  an  exceedingly  complex  manner, 
and  the  accounts  given  by  various  anatomists  differ  considerably.  This  is  probably 
due  partly  to  the  fact  that  the   various  layers  of  muscular  fibre  of  which    the 
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heart  is  said  to  be  composed  are  not  independent,  but  their  fibres  are  interlaced 
to  a  considerable  extent,  and  therefore  any  separation  into  layers  must  be  to 
a  great  extent  artificial ;  and  also  no  doubt  partly  due  to  the  fact,  pointed  out  by 
Henle,  that  there  are  varieties  in  the  arrangement  due  to  individual  differences. 
If  the  epicardium  (visceral  layer  of  pericardium)  and  the  subjacent  fat  is  removed 
from  a  heart  which  has  been  subjected  to  prolonged  boiling,  so  as  to  dissolve  the 
connective  tissues,  the  superficial  fibres  of  the  ventricles  will  be  exposed.  They 
will  be  seen  to  commence  at  the  base  of  the  heart,  where  they  are  attached  to 
the  tendinous  rings  around  the  orifices,  and  to  pass  obliquely  downward  toward 
the  apex,  with  a  direction  from  right  to  left.  At  the  apex  the  fibres  turn  suddenly 
inward,  forming  what  is  called  the  vortex^  into  the  interior  of  the  ventricle.  On 
the  back  of  the  heart  it  will  be  seen  that  the  fibres  pass  continuously  from  one 
ventricle  to  the  other  over  the  interventricular  groove  ;  and  the  same  thing  will  be 
noticed  on  the  front  of  the  heart  at  the  upper  and  lower  end  of  the  anterior 
interventricular  groove,  but  in  the  middle  portion  of  this  groove  the  fibres  passing 
from  one  ventricle  to  the  other  are  interrupted  by  fibres  emerging  from  the  septum 
along  the  groove  ;  many  of  the  superficial  fibres  pass  in  also  at  this  groove  to  the 
septum.  The  vortex  is  produced,  as  stated  above,  by  the  sudden  turning  inward 
of  the  superficial  fibres  in  a  peculiar  spiral  manner  into  the  interior  of  the 
ventricle.  Those  fibres  which  descended  on  the  posterior  surface  of  the  heart 
enter,  at  the  vortex,  the  left  ventricle,  and,  ascending,  form  the  posterior  part  of  the 
inner  layer  of  muscular  fibres  lining  this  cavity  and  the  right  (posterior)  musculus 
papillaris  ;  those  fibres  which  descend  on  the  front  of  the  heart,  and  which  pass  to 
the  apex,  also  pass,  at  the  vortex,  into  the  interior  of  the  ventricle,  where  they  form 
the  remainder  of  the  innermost  layer  of  the  ventricle  and  the  left  (anterior) 
musculus  papillaris.  The  fibres  forming  the  inner  layer  of  the  wall  of  the  ventricle 
ascend  to  be  attached  to  the  fibrous  rings  around  the  orifices. 

By  dissection  these  superficial  fibres  may  be  removed  as  a  thin  stratum,  and  it 

will  then  be  found  that  the  ventricles  are  made  up  of  oblique  fibres  superimposed  in 

layers  one  on  the  top  of  another,  and  assuming  gradually  a  less  oblique  direction  as 

they  pass  to  the  middle  of  the  thickness  of  the  ventricular  wall,  so  that  in  the  centre 

of  the  wall  the  fibres  are  transverse.     Internal  to  this  central  transverse  layer  the 

fibres  become  oblique  again,  but  in  the  opposite  direction  to  the  external  ones.  This 

division  into  distinct  layers  is,  however,  to  a  great  extent  artificial,  as  the  fibres 

pass  across  from  one  layer  to  another,  and  have  therefore  to  be  divided  in  the 

dissection,  and  the  change  in  the  direction  of  the  fibres  is  very  gradual.     These 

oblique  fibres  commence  above  at  the  fibrous  rings  at  the  base  of  the  heart,  and, 

descending  toward  the  apex,  they  enter  the  septum  near  its  lower  end.     In  the 

septum  the  fibres  which  form  the  left  ventricle  may  be  traced  in  three  directions : 

1.    Some  pass  upward  to  be  attached  to  the  central  fibro-cartilage.     2.  Others 

pass  through  the  septum  to  become  continuous  with  the  fibres  of  the  right  ventricle. 

3-    The  remainder  pass  through  the  septum  to  encircle  the  ventricle  as  annular 

fibres.     Of  the  fibres  of  the  right  ventricle,  some  on  entering  the  septum  pass 

upward  to  be  attached  to  the  central  fibro-cartilage ;  some,  entering  the  septum 

from  behind,  pass  forward  to  become  continuous  with  the  fibres  on  the  anterior 

surface  of  the  left  ventricle  ;  and  others,  entering  in  front,  pass  backward  to  join 

the  fibres  on  the  posterior  wall  of  the  left  ventricle.     The  septum  therefore  consists 

of    three  varieties  of  fibres — viz.  annular  fibres,  special  to  the  left  ventricle ; 

ascending  fibres,  derived  from  both  ventricles  and  ascending  through  the  septum 

to  the  central  fibro-cartilage  ;  and  decussating  fibres,  derived  from  the  anterior  wall 

of  one  ventricle  and  passing  to  the  posterior  wall  of  the  other  ventricle,  or  from 

the  posterior  wall  of  the  right  ventricle  and  passing  to  the  anterior  wall  of  the  left. 

In    addition  to   these  fibres   there  are  a  considerable  number  which  appear  to 

encircle  both  ventricles  and  which  pass  across  the  septum  without  turning  into  it. 

Vessels  and  Nerves. — The  arteries  supplying  the  heart  are  the  left  or  anterior 

and  right  or  posterior  coronary  (page  544). 

The  veins  accompany  the  arteries,  and  terminate  in  the  right  auricle.     They  are 
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the  anterior,  posterior,  left  and  right  cardiac  veins,  the  right  or  small  and  the  left 
or  great  coronary  sinuses,  and  the  vense  cordis  minimae  {yenoe  Thebesti)  (page  679). 

The  lymphatics  terminate  in  the  thoracic  and  right  lymphatic  ducts. 

The  nerves  are  derived  from  the  cardiac  plexuses,  which  are  formed  partly  from 
the  cranial  nerves  and  partly  from  the  sympathetic.  They  are  freely  distributed 
both  on  the  surface  and  in  the  substance  of  the  heart,  the  separate  filaments  being 
furnished  with  small  ganglia. 

Snr&ce  Fonn. — In  order  to  show  the  extent  of  the  heart  in  relation  to  the  front  of  the 
chest,  draw  a  line  from  the  lower  border  of  the  second  left  costal  cartilage,  one  inch  from  the 
sternum,  to  the  upper  border  of  the  third  right  costal  cartilage,  half  an  inch  from  the  sternum. 
This  represents  the  base-line  or  upper  limit  of  the  organ.  Take  a  point  an  inch  and  a  half 
below  and  three-quarters  of  an  inch  mternal  to  the  left  nipple — that  is,  about  three  and  a  half 
inches  to  the  left  of  the  median  line  of  the  body.  This  represents  the  apex  of  the  heart. 
Draw  aline  from  this  apex-point,  with  a  slight  convexity  downward,  to  the  junction  of  the 
seventh  right  costal  cartilage  to  the  sternum.  This  represents  the  lower  limit  of  the  heart. 
Join  the  right  extremity  of  the  first  line— that  is,  the  base-line—with  the  right  extremity  of 
this  line — that  is,  to  the  seventh  right  chondro-sternal  joint — with  a  slight  curve  outward,  so 
that  it  projects  about  an  inch  and  a  half  from  the  middle  line  of  the  sternum.  Lastly,  join  the 
left  extremity  of  the  base-line  and  the  apex-point  by  a  line  curved  slightly  to  the  left. 

The  position  of  the  various  orifices  is  as  follows :  viz.  the  pulmonary  orifice  is  situated  in 
the  upper  angle  formed  by  the  articulation  of  the  third  left  costal  cartilage  with  the  sternum ; 
the  aortic  orifice  is  a  little  below  and  internal  to  this,  behind  the  left  border  of  the  sternum, 
close  to  the  articulation  of  the  third  left  costal  cartilage  to  this  bone.  The  left  auriculo- ventric- 
ular opening  is  behind  the  sternum,  rather  to  the  left  of  the  median  line,  and  opjwsite  the 
fourth  costal  cartilages.  The  right  auriculo- ventricular  opening  is  a  little  lower,  opposite  the 
fourth  interspace  and  in  the  middle  line  of  the  body. 

A  portion  of  the  area  of  the  heart  thus  mapped  out  is  uncovered  by  lung,  and  therefore 
gives  a  dull  note  on  percussion ;  the  remainder,  being  overlapped  by  the  lung,  gives  a  more  or 
less  resonant  note.  The  former  is  known  as  the  area  of  superacial  cardiac  dulness ;  the  latter 
as  the  area  of  deep  cardiac  dulness.  The  area  of  superficial  cardiac  dulness  is  included  between 
a  line  drawn  from  the  centre  of  the  sternum,  between  the  fourth  costal  cartilages,  to  the  apex 
of  the  heart  and  a  line  drawn  from  the  same  point  down  the  lower  third  of  the  middle  Une  of 
the  sternum.  Below,  this  area  merges  into  the  dulness  which  corresponds  to  the  liver.  Dr. 
Latham  lays  down  the  following  rule  as  a  sufficient  practical  guide  for  the  definition  of  the  por- 
tion of  the  heart  which  is  uncovered  by  lung  or  pleura:  *'  Make  a  circle  of  two  inches  in  diam- 
eter round  a  point  midway  between  the  nipple  and  the  end  of  the  sternum,"  that  is,  the  gladiolus. 

Peculiarities  in  the  Vascular  System  of  the  FoBtus. 

The  chief  peculiarities  in  the  heart  of  the  foetus  are  the  direct  communication 
between  the  two  auricles  through  the  foramen  ovale  and  the  large  size  of  the 
Eustachian  valve.  There  are  also  several  minor  peculiarities.  Thus,  the  position 
of  the  heart  is  vertical  until  the  fourth  month,  when  it  commences  to  assume  an 
oblique  direction.  Its  size  is  also  very  considerable  as  compared  with  the  body,  the 
proportion  at  the  second  month  being  1  to  50;  at  birth  it  is  as  1  to  120;  whilst 
in  the  adult  the  average  is  about  1  to  160.  At  an  early  period  of  fcietal  life  the 
auricular  portion  of  the  heart  is  larger  than  the  ventricular,  the  right  auricle  being 
more  capacious  than  the  left ;  but  toward  birth  the  ventricular  portion  becomes 
the  larger.  The  thickness  of  both  ventricles  is  at  first  about  equal,  but  toward 
birth  the  left  becomes  much  the  thicker  of  the  two. 

The  foramen  ovale  is  situated  at  the  lower  and  back  part  of  the  septum  auricu- 
larum,  forming  a  communication  between  the  auricles.  It  remains  as  a  free  oval 
opening  from  the  time  of  the  formation  of  the  auricular  septum  (about  the  eighth 
week)  until  the  middle  period  of  foetal  life.  About  this  period  a  fold  grows  up 
from  the  posterior  wall  of  the  auricle  to  the  left  of  the  foramen  ovale,  and  advances 
over  the  opening  so  as  to  form  a  sort  of  valve,  which  allows  the  blood  to  pass  only 
from  the  right  to  the  left  auricle,  and  not  in  the  opposite  direction. 

The  Eustachian  valve  is  developed  from  the  anterior  border  of  the  inferior  vena 
cava  at  its  entrance  into  the  auricle.  It  is  directed  upward  on  the  left  side  of  the 
opening  of  this  vein,  and  serves  to  direct  the  blood  from  the  inferior  vena  cava 
through  the  foramen  ovale  into  the  left  auricle. 

The  peculiarities  in  the  arterial  system  of  the  foetus  are  the  communication 
between  the  pulmonary  artery  and  the  descending  aorta  by  means  of  the  ductus 
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atteriosus^  and  the  communication  between  the  internal  iliac  arteries  and  the 
placenta  by  means  of  the  umbilical  arteries. 

The  ductus  arteriosus  is  a  short  tube,  about  half  an  inch  in  length  at  birth,  and 
of  the  diameter  of  a  goosequill.  In  the  early  condition  it  forms  the  continuation  of 
the  pulmonary  artery,  and  opens  into  the  descending  aorta  just  below  the  origin 
of  the  left  subclavian  artery,  and  so  conducts  the  chief  part  of  the  blood  from  the 
right  ventricle  into  this  vessel.  When  the  branches  of  the  pulmonary  artery  have 
become  larger  relatively  to  the  ductus  arteriosus,  the  latter  is  chiefly  connected 
to  the  left  pulmonary  artery ;  and  the  fibrous  cord,  which  is  all  that  remains 
of  the  ductus  arteriosus  in  later  life,  will  be  found  to  be  attached  to  the  root  of 
that  vessel. 

The  umbilical  or  hypogastric  arteries  arise  from  the  internal  iliacs,  in  addition 
to  the  branches  given  off  from  those  vessels  in  the  adult.  Ascending  along  the 
sides  of  the  bladder  to  its  fundus,  they  pass  out  of  the  abdomen  at  the  umbilicus, 
and  are  continued  along  the  umbilical  cord  to  the  placenta,  coiling  round  the 
umbilical  vein.  They  return  to  the  placenta  the  blood  which  has  circulated  in 
the  system  of  the  foetus. 

The  peculiarity  in  the  venous  system  of  the  foetus  is  the  communication  estab- 
lished between  the  placenta  and  the  liver  and  portal  vein  through  the  umbilical 
vein,  and  the  inferior  vena  cava  through  the  ductus  venosus. 

F(ETAL  Circulation. 

The  blood  destined  for  the  nutrition  of  the  foetus  is  carried  from  the  placenta 
to  the  foetus,  along  the  umbilical  cord,  by  the  umbilical  vein.  The  umbilical  vein 
enters  the  abdomen  at  the  umbilicus,  and  passes  upward  along  the  free  margin 
of  the  suspensory  ligament  of  the  liver  to  the  under  surface  of  that  organ,  where 
it  gives  off  two  or  three  branches  to  the  left  lobe,  one  of  which  is  of  large  size,  and 
others  to  the  lobus  quadratus  and  lobulus  Spigelii.  At  the  transverse  fissure  it 
divides  into  two  branches :  of  these,  the  larger  is  joined  by  the  portal  vein  and 
enters  the  right  lobe ;  the  smaller  branch  continues  onward,  under  the  name  of 
the  ductus  venosus,  and  joins  the  left  hepatic  vein  at  the  point  of  junction  of  that 
vessel  with  the  inferior  vena  cava.  The  blood,  therefore,  which  traverses  the 
umbilical  vein  reaches  the  inferior  vena  cava  in  three  different  ways :  the  greater 
quantity  circulates  through  the  liver  with  the  portal  venous  blood  before  entering 
the  vena  cava  by  the  hepatic  veins ;  some  enters  the  liver  directly,  and  is  also 
returned  to  the  inferior  cava  by  the  hepatic  veins ;  the  smaller  quantity  passes 
directly  into  the  vena  cava  by  the  junction  of  the  ductus  venosus  with  the  left 
hepatic  vein. 

In  the  inferior  cava  the  blood  carried  by  the  ductus  venosus  and  hepatic  veins 
becomes  mixed  with  that  returning  from  the  lower  extremities  and  viscera  of  the 
abdomen.  It  enters  the  right  auricle,  and,  guided  by  the  Eustachian  valve,  passes 
through  the  foramen  ovale  into  the  left  auricle,  where  it  becomes  mixed  with  a 
small  quantity  of  blood  returned  from  the  lungs  by  the  pulmonary  veins.  From 
the  left  auricle  it  passes  into  the  left  ventricle,  and  from  the  left  ventricle  into 
the  aorta,  by  means  of  which  it  is  distributed  almost  entirely  to  the  head  and 
upper  extremities,  a  small  quantity  being  probably  carried  into  the  descending 
aorta.  From  the  head  and  upper  extremities  the  blood  is  returned  by  the  branches 
of  the  superior  vena  cava  to  the  right  auricle,  where  it  becomes  mixed  with  a  small 
portion  of  the  blood  from  the  inferior  cava.  From  the  right  auricle  it  descends 
over  the  Eustachian  valve  into  the  right  ventricle,  and  from  the  right  ventricle 
passes  into  the  pulmonary  artery.  The  lungs  of  the  foetus  being  solid  and  almost 
impervious,  only  a  small  quantity  of  the  blood  of  the  pulmonary  artery  is  distrib- 
uted to  them  by  the  right  and  left  pulmonary  arteries,  and  is  returned  by  the 
pulmonary  veins*  to  the  left  auricle ;  the  greater  part  passes  through  the  ductus 
arteriosus"  into  the  commencement  of  the  descending  aorta,  where  it  becomes  mixed 
with  a  small  quantity  of  blood  transmitted  by  the  left  ventricle  into  the  aorta. 
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Along  thia  vessel  it  descendB  to  supply  the  lower  extremities  and  viscera  of  the 
abdomen  and  pelvis,  the  chief  portion  being,  however,  conveyed  by  the  umbilictil 
arteries  to  the  placenta. 

From  the  preceding  account  of  the  circulation  of  the  blood  in  the  foetus  it  will 
be  seen — 

1.  That  the  placenta  serves  the  double  purpose  of  a  respiratory  and  nutritive 


organ,  receiving  the  venous  blood  from  the  foetus,  and  returning  it  again  re-oxy- 
genated and  charged  vfith  additionnl  nutritive  material. 

2.  That  nearly  the  whole  of  the  blood  of  the  umbilical  vein  traverses  the  liver 


THE  HEART.  983 

before  entering  the  inferior  cava ;  hence  the  large  size  of  this  organ,  especially  at 
an  early  period  of  foetal  life. 

3.  That  the  right  auricle  is  the  point  of  meeting  of  a  double  current,  the 
blood  in  the  inferior  cava  being  guided  by  the  Eustachian  valve  into  the  left 
auricle,  whilst  that  in  the  superior  cava  descends  into  the  right  ventricle.  At  an 
early  period  of  foetal  life  it  is  highly  probable  that  the  two  streams  are  quite  dis- 
tinct, for  the  inferior  cava  opens  almost  directly  into  the  left  auricle,  and  the 
Eustachian  valve  would  exclude  the  current  along  the  vein  from  entering  the 
right  ventricle.  At  a  later  period,  as  the  separation  between  the  two  auricles 
becomes  more  distinct,  it  seems  probable  that  some  mixture  of  the  two  streams 
must  take  place. 

4.  The  blood  carried  from  the  placenta  to  the  foetus  by  the  umbilical  vein, 
mixed  with  the  blood  from  the  inferior  cava,  passes  almost  directly  to  the  arch 
of  the  aorta,  and  is  distributed  by  the  branches  of  that  vessel  to  the  head  and 
upper  extremities ;  hence  the  large  size  and  perfect  development  of  those  parts  at 
birth. 

5.  The  blood  contained  in  the  descending  aorta,  chiefly  derived  from  that 
which  has  already  circulated  through  the  head  and  limbs,  together  with  a  small 
quantity  from  the  left  ventricle,  is  distributed  to  the  lower  extremities ;  hence  the 
small  size  and  imperfect  development  of  these  parts  at  birth. 

Changes  in  the  Vascular  System  at  Birth. 

At  birth,  when  respiration  is  established,  an  increased  amount  of  blood 
from  the  pulmonary  artery  passes  through  the  lungs,  which  now  perform  their 
office  as  respiratory  organs,  and  at  the  same  time  the  placental  circulation 
is  cut  oflF.  The  foramen  ovale  becomes  gradually  closed  by  about  the  tenth 
day  after  birth;  the  valvular  fold  above  mentioned  becomes  adherent  to  the 
margins  of  the  foramen  for  the  greater  part  of  its  circumference,  but  above 
a  slit-like  opening  is  left  between  the  two  auricles  which  sometimes  remains  per- 
sistent. 

The  ductiL»  arteriosus  begins  to  contract  immediately  after  respiration  is  estab- 
lished, becomes  completely  closed  from  the  fourth  to  the  tenth  day,  and  ultimately 
degenerates  into  an  impervious  cord  which  serves  to  connect  the  left  pulmonary 
artery  to  the  descending  aorta. 

Of  the  umbilical  or  hypogastric  arteries^  the  portion  continued  on  to  the 
bladder  from  the  trunk  of  the  corresponding  internal  iliac  remains  pervious 
as  the  superior  vesical  artery,  and  the  part  between  the  fundus  of  the  bladder 
and  the  umbilicus  becomes  obliterated  between  the  second  and  fifth  days  after 
birth,  and  projects  into  the  peritoneal  sac  so  as  to  form  the  two  fossae  of  the 
peritoneum  spoken  of  in  the  section  on  the  surgical  anatomy  of  direct  inguinal 
hernia. 

The  umbilical  vein  and  ductus  venosus  become  completely  obliterated  between 
the  second  and  fifth  days  after  birth,  and  ultimately  dwindle  to  fibrous  cords,  the 
former  becoming  the  round  ligament  of  the  liver,  the  latter  the  fibrous  cord,  which 
in  the  adult  may  be  traced  along  the  fissure  of  the  ductus  venosus. 
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THE   JJLRYKX. 


THE  Larynx  ia  the  organ  of  voice,  placed  at  the  upper  part  of  the  air-passage. 
It  is  situated  between  the  trachea  and  base  of  the  tongue,  at  the  upper  aad 
fore  part  of  the  neck,  where  it  forms  a  considerable  projection  in  the  middle  line. 
Od  either  side  of  it  lie  the  great  vessels  of  the  neck ;  behind,  it  forms  part  of  the 
boundary  of  the  pharynx,  and  is  covered  by  the  mucous  membrane  lining  that 
cavity. 

The  larynx  is  broad  above,  where  it  presents  the  form  of  a  triangular 
box,  flattened  behind  and  at  the  sides,  and  bounded  in  front  by  a  prominent 
vertical  ridge.  Below,  it  is  narrow  and  cylindrical.  It  is  composed  of  Cartilages 
which  are  connected  together  by  ligaments  and  moved  by  numerous  muscles; 
the  interior  is  lined  by  mucous  membrane  and  supplied  with  vessels  and  nerves. 
The  OartiUgeB  of  the  Larynx  are  nine  in  number,  three  single  and  three  pairs : 
Thyroid,  Two  Arytenoid. 

Cricoid.  Two  Cornicula  Laryngis. 

Epiglottis.  Two  Cuneiform. 

The  Thyroid  (dupeoi;,  a  shield)  is  the  largest 

cartilage   of   the   larynx.      It   consists    of    two 

lateral    lamellfe     or    alse,    united    at    an    acute 

angle    in     front,    forming    a    vertical    projection 

in   the    middle   line   which  ia  prominent   above 

and    called   the  pomum   Adami.      This   projec- 

^    tion   is  subcutaneous,  more  distinct  in  the  male 

^   than   in    the  female,  and  occasionally  separated 

'     from   the  integument  by  a  bursa  mucosa. 

Each  lamella  is  quadrilateral  in  form.  Its 
outer  surface  presents  an  oblique  ridge  which 
passes  downward  and  forward  from  a  tubercle 
situated  near  the  root  of  the  superior  cornu. 
This  ridge  gives  attachment  to  the  Sterno- 
thyroid and  Thyro-hyoid  muscles,  and  the  por- 
tion of  cartilage  included  between  it  and  the 
posterior  border,  to  part  of  the  Inferior  con- 
strictor muscle. 

The   imier   surface  of   each   ala   is  smooth, 
slightly  concave,  and  covered  by  mucous  mem- 
brane  above  and  behind;  but  in  front,  in    the 
receding    angle   formed    by  their  junction,   are 
attached  the  epiglottis,  the  true  and  false  vocal 
cricuid^rtiifl^.'"'^""'^^'""'^"'''*"'*  cords,   the  Thyro-arytenoid    and    Thyro-epiglot- 
tidcan  muscles. 
The  tipper  border  of  the  thyroid  cartilage  is  sinuously  curved,  being  concave  at 
its  posterior  part,  just  in  front  of  the  superior  cornu,  then  rising  into  a  conve.x 
outline,  which  dips  in  front  to  form  the  sides  of  a  notch  in  the  middle  line  imme- 
diately above  the  pomum  Adami.     This  border  gives  attachment  throughout  its 
whole  extent  to  the  thyro-hyoid  membrane. 
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The  lower  border  ia  connected  to  the  cricoid  cartilage,  in  the  median  line,  by 
the  crico-thyroid  membrane,  and  on  each  side  by  the  Crico-thyroid  muscle. 

The  pogterior  borders,  thick 
and  rounded,  terminate  above  in 
the  Buperior  comua,  and  below  in 
the  inferior  cornva.  The  two 
superior  cornua  are  long  and  nar- 
row, directed  upward,  oackward, 
and  inward,   and  terminate  in  a  Ep 

conical  extremity  which  gives  at- 
tachment to  the  thyro-hyoid  liga- 
ment. The  two  inferior  cornua 
are  st\ort  and  thick ;  they  pass 
downward,  with  a  slight  inclination 
forward  and  inward,  and  present 
on  their  inner  surfaces  a  small  oval 
articular  facet  for  articulation 
with  the  side  of  the  cricoid  carti- 
lage. The  posterior  border  re- 
ceives the  insertion  of  the  Stylo- 
pbaryngeus  and  Palato-pharyn- 
geu9  muscles  on  each  side. 

The  Cricoid  Cartilage  ia  so 
called  from  its  resemblance  to  a 
signet-ring  (xpixo<:,  &  ring).  It  is 
smaller,  but  thicker  and  stronger, 
than  the  thyroid  cartilage,  and 
forms  the  lower  and  back  part  of 
the  cavity  of  the  larynx. 

Its  anterior  half  ia  narrow, 
convex,  affording  attachment  in 
front  and  at  the  sides  to  the  Crico- 
thyroid muscles,  and  behind  to 
part  of  the  Inferior  constrictor. 

Its  posterior  half  is  very  broad 
both  from  side  to  side  and  from 
above  downward;  it  presents  in 
the  middle  line  a  vertical  ridge  for 
the  attachment  of  the  longitudinal 
fibres  of  the  oesophagua,  and  on 
either  side  a  broad  depression  for 
the  Crico-arytenoideus  po.fticus 
muscle. 

At  the  point  of  junction  of  the  two  halves  of  the  cartilage  on  either  side  is  a 
small  round  elevation  for  articulation  with  the  inferior  cornu  of  the  thyroid  car- 

The  lower  border  of  the  cricoid  cartilage  is  horizontal  and  connected  to  the 
upper  ring  of  the  trachea  by  fibrous  membrane. 

Its  upper  bonirr  is  directed  obliquely  upward  and  backward,  owing  to  the 
great  depth  of  its  posterior  surface.  It  gives  attachment  in  front  to  the  crico- 
thyroid membrane;  at  the  sides,  to  part  of  the  same  membrane  and  to  the  lateral 
Crico-arytenoid  muscle;  behind,  the  highest  point  of  the  upper  border  is  sur- 
mounted on  each  side  by  a  smooth  oval  surface  for  articulation  with  the  arytenoid 
cartilage.  Between  the  articular  surfaces  is  a  slight  notch  for  the  attachment  of 
part  of  the  Arytenoideus  muscle. 

The  inner  surface  of  the  cricoid  cartilage  la  smooth  and  lined  by  mucous  mem- 
brane. 
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The  Arytenoid  Cartdlages  are  so  called  from  the  resemblance  they  bear,  when 
approximated,  to  the  mouth  of  a  pitcher  {dpOraiva^  a  pitcher).  They  are  two  in 
number,  and  situated  at  the  upper  border  of  the  cricoid  cartilage,  at  the  back  of 
the  larynx.  Each  cartilage  is  pyramidal  in  form,  and  presents  for  examination 
three  surfaces,  a  base,  and  an  apex. 

The  posterior  surface  is  triangular,  smooth,  concave,  and  gives  attachment  to 
the  Arytenoid  muscle. 

The  anterior  surface^  somewhat  convex  and  rough,  gives  attachment  to  the 
Thyro-arytenoid  muscle  and  to  the  false  vocal  cord. 

The  internal  surface  is  narrow,  smooth,  and  flattened,  covered  by  mucous  mem- 
brane, and  lies  almost  in  apposition  with  the  cartilage  of  the  opposite  side. 

The  base  of  each  cartilage  is  broad,  and  presents  a  concave  smooth  surface  for 
articulation  with  the  cricoid  cartilage.  Of  its  three  angles,  the  external  is.  short, 
rounded,  and  prominent,  receiving  the  insertion  of  the  Posterior  and  Lateral 
crico-arytenoid  muscles.  The  anterior  angle,  also  prominent,  but  more  pointed, 
gives  attachment  to  the  true  vodeil  cord.  This  angle  is  sometimes  called  the 
vocal  process. 

The  apex  of  each  cartilage  is  pointed,  curved  backward  and  inward,  and  sur- 
mounted by  a  small,  cone-shaped,   cartilaginous  nodule,  the  comiculum  laryngis. 

The  comicula  laryngis  (cartilages  of  Santorint)  are  two  small,  conical  nodules, 
consisting  of  yellow  fibro-cartilage,  which  articulate  with  the  summit  of  the  aryt- 
enoid cartilages  and  serve  to  prolong  them  backward  and  inward.  To  them  are 
attached  the  aryteno-epiglottidean  folds.  They  are  sometimes  united  to  the 
arytenoid  cartilages. 

The  cuneiform  cartilages  {cartilages  of  Wrisberg)  are  two  small,  elongated, 
cartilaginous  bodies,  placed  one  on  each  side,  in  the  fold  of  mucous  membrane 
which  extends  from  the  apex  of  the  arytenoid  cartilage  to  the  side  of  the  epiglottis 
{aryteno-epiglottidean  fold) ;  they  give  rise  to  small  whitish  elevations  on  the  inner 
surface  of  the  mucous  membrane,  just  in  front  of  the  arytenoid  cartilages. 

The  epiglottis  is  a  thin  lamella  of  fibro-cartilage,  of  a  yellowish  color,  shaped 
like  a  leaf,  and  placed  behind  the  tongue,  in  front  of  the  superior  opening  of  the 
larynx.  During  respiration  its  direction  is  vertically  upward,  its  free  extremity 
curving  forward  toward  the  base  of  the  tongue ;  but  when  the  larynx  is  drawn  up 
beneath  the  base  of  the  tongue  during  deglutition  it  is  carried  downward  and 
backward  so  as  to  completely  close  the  opening  of  the  larynx.  Its  free  extremity 
is  broad  and  rounded ;  its  attached  end  is  long  and  narrow,  and  connected  to  the 
receding  angle  between  the  two  alae  of  the  thyroid  cartilage,  just  below  the  median 
notch,  by  a  long,  narrow,  ligamentous  band,  the  thyro-epiglottie  ligament  It  is 
also  connected  to  the  posterior  surface  of  the  body  of  the  hyoid  bone  by  an  elastic 
ligamentous  band,  the  hyo-epiglottic  ligament. 

Its  anterior  or  lingual  surface  is  curved  forward  toward  the  tongue,  and  covered 
at  its  upper  part  by  mucous  membrane,  which  is  reflected  on  to  the  sides  and 
base  of  the  organ,  forming  a  median  and  two  lateral  folds,  the  glosso-epiglottidean 
ligaments. 

Its  posterior  or  laryngeal  surface  is  smooth,  concave  from  side  to  side,  concavo- 
convex  from  above  downward,  and  covered  by  mucous  membrane ;  when  this  is 
removed  the  surface  of  the  cartilage  is  seen  to  be  studded  with  a  number  of  small 
mucous  glands  which  are  lodged  in  little  pits  upon  its  surface.  To  its  sides  the 
aryteno-epiglottidean  folds  are  attached. 

Structure. — The  cornicula  laryngis,  cuneiform  cartilages,  and  epiglottis  are 
composed  of  yellow  fibro-cartilage  which  shows  little  tendency  to  calcification, 
but  the  other  cartilages  resemble  in  structure  the  costal  cartilages,  becoming  more 
or  less  calcified  in  old  age. 

Ligaments. — The  ligaments  of  the  larynx  are  extrinnc — i.  e.  those  connecting 
the  thyroid  cartilage  and  epiglottis  with  the  hyoid  bone,  and  the  cricoid  cartilage 
with  the  trachea ;  and  intrinsic — those  which  connect  the  several  cartilages  of  the 
larvnx  to  each  other. 
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The  ligaments  connecting  the  thyroid  cartilage  with  the  hyoid  bone  are  three 
in  number — the  thyro-hyoid  membrane,  and  the  two  lateral  thyro-hyoid  ligaments. 

The  thyro-hyoid  membrane}^  a  broad,  fibro-elastic,  membranous  layer,  attached 
below  to  the  upper  part  of  the  posterior  surface  of  the  thyroid  cartilage,  and  above 
to  the  upper  border  of  the  hyoid  bone,  passing  behind  the  posterior  surface,  and 
being  separated  from  it  by  a  synovial  bursa.  It  is  thicker  in  the  middle  line  than 
at  either  side,  in  which  situation  it  is  pierced  by  the  superior  laryngeal  vessels  and 
nerve. 

The  two  lateral  thyro-hyoid  ligaments  are  rounded  elastic  cords  which  pass 
between  the  superior  cornua  of  the  thyroid  cartilage  and  the  extremities  of  the 
greater  cornua  of  the  hyoid  bone.  A  small  cartilaginous  nodule  (cartilago  tritieea\ 
sometimes  bony,  is  frequently  found  in  each. 

The  ligament  connecting  the  epiglottis  with  the  hyoid  bone  is  the  hyo-epiglottic 
In  addition  to  this  extrinsic  ligament,  the  epiglottis  is  connected  to  the  tongue 
by  the  three  glosso-epiglottidean  folds  of  mucous  membrane,  which  may  also  be 
considered  as  extrinsic  ligaments  of  the  epiglottis. 

The  hyo-epiglottic  ligament  is  an  elastic  fibrous  band  which  extends  from  the 
anterior  surface  of  the  epiglottis,  near  its  apex,  to  the  upper  border  of  the  body 
of  the  hvoid  bone. 

The  ligaments  connecting  the  thyroid  cartilage  to  the  cricoid  are  also  three  in 
number — the  crico- thyroid  membrane  and  the  capsular  ligaments. 

The  crieo-thyroid  membrane  is  composed  mainly  of  yellow  elastic  tissue.  It  is 
of  triangular  shape,  thick  in  front,  where  it  connects  together  the  contiguous 
margins  of  the  thyroid  and  cricoid  cartilages ;  thinner  at  each  side,  where  it 
extends  from  the  superior  border  of  the  cricoid  cartilage  to  the  inferior  margin 
of  the  true  vocal  cords,  with  which  it  is  closely  united  in  front. 

The  anterior  portion  of  the  crico-thyroid  membrane  is  convex,  concealed  on 
each  side  by  the  Crico-thyroid  muscle,  subcutaneous  in  the  middle  line,  and  crossed 
horizontally  by  a  small  anastomotic  arterial  arch  formed  by  the  junction  of  the 
two  crico-thyroid  arteries. 

The  lateral  portions  are  lined  internally  by  mucous  membrane,  and  covered  by 
the  lateral  Crico-arytenoid  and  Thyro-arytenoid  muscles. 

A  capsular  ligament  encloses  the  articulation  of  the  inferior  cornu  of  the  thyroid 
with  the  cricoid  cartilage  on  each  side.  The  articulation  is  lined  by  synovial 
membrane. 

The  ligaments  connecting  the  arytenoid  cartilages  to  the  cricoid  are  two 
capsular  ligaments  and  two  posterior  crico-arytenoid  ligamejits.  The  capsular 
crico-arytenoid  ligaments  are  thin  and  loose  capsules  attached  to  the  margin  of 
the  articular  surfaces ;  they  are  lined  internally  by  synovial  membrane.  The 
posterior  crico-arytenoid  ligaments  extend  from  the  cricoid  to  the  inner  and  back 
part  of  the  base  of  the  arytenoid  cartilage. 

The  ligament  connecting  the  epiglottis  with  the  thyroid  cartilage  is  the  thyro- 
epiglottic. 

The  thyro-epiglottic  ligament  is  a  long,  slender,  elastic  cord  which  connects 
the  apex  of  the  epiglottis  with  the  receding  angle  of  the  thyroid  cartilage  imme- 
diately beneath  the  median  notch,  above  the  attachment  of  the  vocal  cords. 

The  crico-tracheal  ligament  connects  the  cricoid  cartilage  with  the  first  ring  of 
the  trachea.  It  resembles  the  fibrous  membrane  which  connects  the  cartilaginous 
rings  of  the  trachea  to  each  other. 

Interior  of  the  Larynx. — The  superior  aperture  of  the  larynx  (Fig.  569)  is  a 
triangular  or  cordiform  opening,  wide  in  front,  narrow  behind,  and  sloping 
obliquely  downward  and  backward.  It  is  bounded  in  front  by  the  epiglottis, 
behind  by  the  apices  of  the  arytenoid  cartilages  and  the  cornicula  laryngis,  and 
laterally  by  a  fold  of  mucous  membrane  enclosing  ligamentous  and  muscular 
fibres,  stretched  between  the  sides  of  the  epiglottis  and  the  apex  of  the  arytenoid 
cartilages  :  these  are  the  aryteno-epiglottidean  folds,  on  the  margins  of  which  the 
cuneiform  cartilages  form  a  more  or  less  distinct  whitish  prominence. 
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The  cavity  of  the  larynx  exteods  from  the  superior  aperture  to  the  lower 
border  of  the  cricoid  cartilage.  It  is  divided  into  two  parts  by  the  projection 
inward  of  the  vocal  cords ;  between  the  two  cords  is  a  long  and  narrow  triangular 
fissure  or  chink,  the  riiiia  glottidU.  The  portion  of  the  cavity  of  the  larynx  above 
the  true  vocal  corda  is  broad  and  triangular  in  shape,  and  corresponds  to  the 
interval  between  the  alse  of  the  thyroid  cartilage ;  it  contains  the  false  vocal  cords, 
and  between  these  and  the  true  vocal  cords  are  the  ventricles  of  the  larynx.  The 
porlion  below  the  true  vocal  cords  is  at  first  of  an  elliptical,  and  lower  down  of  a 
circular,  form. 

The  rima  glottidia  is  the  narrow  fissure  or  chink  between  the  inferior  or  true 
vocal  cords.  It  is  the  narrow- 
est part  of  the  cavity  of  the 
larynx,  and  corresponds  to  the 
lower  level  of  the  arytenoid 
cartilages.  Ita  length  in  the 
male  measures  rather  less  thso 
^^  an  inch,  its  breadth  when  dilated 

tom!  varying  at  its  widest  part  from 

a  third  to  half  an  inch.  In  the 
ftMU-  female  these  measurements  are 

less  by  two  or  three  lines.  The 
form  of  the  rima  glottidis  va- 
ries. In  its  half-closed  condi- 
tion it  is  a  narrow  fissure,  a 
little  enlarged  and  rounded  be- 
hind. In  quiet  breathing  it  is 
widely  open,  somewhat  trian- 
,  ..  .  gular.  the  base  of  the  triangle 

FK,56B.-Theiarj-iix  and  adjacent  parte,  «cen  from  •bove,  directed  backward,  and   corre- 

sponding to  the  space  between 
the  separated  arytenoid  cartilages.  In  forcible  expiration  it  is  smaller  than  during 
inspiration.  When  sound  is  produced  it  is  more  narrowed,  the  margins  of  the 
arytenoid  cartilages  being  brought  into  contact  and  the  edges  of  the  vocal  cords 
approximated  and  made  parallel,  the  degree  of  approximation  and  tension  corre- 
sponding to  the  height  of  the  note  produced.' 

The  »uperior  or  fahe  vocal  cords,  ao  called  because  they  are  not  directiv 
concerned  in  the  production  of  the  voice,  are  two  folds  of  mucous  membrane 
enclosing  a  delicate  narrow  fibrous  band,  the  auperior  thyro-arytenoid  ligament. 
This  ligament  consists  of  a  thin  band  of  elastic  'tissue,  attached  in  front  to  the 
angle  of  the  thyroid  cartilage  below  the  epiglottis,  and  behind  to  the  anterior 
surface  of  the  arytenoid  cartilage.  The  lower  border  of  this  ligament,  enclosed  in 
mucous  membrane,  forms  a  free  crescentic  margin,  which  constitutes  the  upper 
boundary  of  the  ventricle  of  the  larynx. 

The  inferior  or  true  vocal  eords,  so  called  from  their  being  concerned  in  the 
production  of  sound,  are  two  strong  fibrous  bands  {inferior  thyro-arytenoid 
ligaments),  covered  on  tlieir  surface  by  a  thin  layer  of  mucous  membrane.  Each 
ligament  consists  of  a  band  of  yellow  elastic  tissue,  attached  in  front  to  the 
depression  between  the  two  alse  of  the  thyroid  cartilage,  and  behind  to  the  anterior 
angle  of  the  base  of  the  arytenoid.  Its  lower  border  is  continuous  with  the  thin 
latei-al  part  of  the  crico-thyroid  membrane.  Its  upper  border  forms  the  lower 
boundary  of  the  ventricle  of  the  larynx.  Externally,  the  Thyro-arytenoideus 
muscle  lies  parallel  with  it.  It  is  covered  internally  by  mucous  membrane,  which 
is  extremely  thin  and  closely  adherent  to  its  surface. 

The  ventricle  of  the  larynx  is  an  oblong  fossa  situated  between  the  superior 
and  inferior  vocal  cords  on  each  side,  and  extending  nearly  their   entire  length. 
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Thia  fossa  is  bounded  above  by  the  free  crescentic  edge  of  the  superior  vocal  cord, 
below  by  thestraight  margio  of  the  true  vocal  cord,  externally  by  the  corresponding 
Thyro-arytenoideus  muscle.     The  anterior  part  of  the  ventricle  leads  up  by  a 
narrow  opening  into  a  cscai  pouch  of 
mucous    membrane    of    variable    size 
called  the  laryngeal  pouch. 

The  sacculuB  laryngis,  or  laryngeal 
pouch,  is  a  membranous  sac  placed  be- 
tween the  superior  vocal  cord  and  the 
inner  surface  of  the  thyroid  cartilage, 
occasionally  extending  as  far  as  its  up- 
per border ;  it  ia  conical  in  form,  and 
curved  slightly  backward  like  a  Phryg- 
ian cap.  On  the  surface  of  its  mu- 
cous membrane  are  the  openings  of  foe 
sixty  or  seventy  small  follicular  glands  ^^^ 
which  are  lodged  in  the  submucous 
areolar  tissue.  This  sac  is  enclosed  in 
a  fibrous  capsule  continuous  below 
with  the  superior  thyro-arytenoid  liga- 
ment; its  laryngeal  surface  is  covered 
by  the  Aryteno-epiglottideus  inferior 
muscle  {(Compressor  saccvli  laryngis, 
Hilton),  whilst  its  exterior  is  covered 
by  the  Thyro-arytenoideus  and  Thyro- 
epiglottideua  muscles.  These  muscles 
compress  the  sacculus  laryngis  and 
discharge  the  secretion  it  contains  upon 

the    chordiB     VOCales,     the    surfaces      of  f'O-  STO.— Vertical  section  of  the  larynx  utd  upper 

which  it  is  intended  to  lubricate. 

Moacles. — The  intrinsic  muscles  of  the  larynx  arc  nine  in  number,  six  of 
which  are  the  muscles  of  the  vocal  cords  and  rima  glottidis,  and  three  are  con- 
nected with  the  epiglottis. 

The  six  muscles  of  the  vocal  cords  and  rima  glottidis  are — the 
Crico-thyroid.  Arytenoideus. 

Crico-arytenoideua  posticus,  Thyro-arytenoideus. 

Crico-arytenoideus  lateralis.  Arytenoideus  rectus. 

The  Crico-thyroid  is  triangular  in  form,  and  situated  at  the  fore  part  and  side 
of  the  cricoid  cartilage.  It  arises  from  the  front  and  lateral  part  of  the  cricoid 
cartilage;  its  fibres  diverge,  passing  obliquely  upward  and  outward  to  be  inserted 
into  the  lower  border  of  the  thyroid  cartilage  and  into  the  anterior  border  of  the 
lower  cornua. 

The  inner  borders  of  those  two  muscles  are  separated  in  the  middle  fine  by  a 
triangular  interval  occupied  by  the  crico-thyroid  membrane. 

The  Crico-arytenoideus  posticus  arises  from  the  broad  depression  occupying 
each  lateral  half  of  the  posterior  surface  of  the  cricoid  cartilage;  its  fibres  pass 
upward  and  outward,  converging  to  be  inserted  into  the  outer  angle  of  the  base 
of  the  arytenoid  cartilage.  The  upper  fibres  are  nearly  horizontal,  the  middle 
oblique,  and  the  lower  almost  vertical.' 

'  Dr.  Merkel  of  Leipsic  has  described  ft  muscular  slip  which  ocomonftlly  extends  between  the 
outer  border  of  the  posterior  surface  of  the  cricoid  cartilage  and  the  posterior  margin  of  the  inferior 
comu  of  the  thyroid ;  tiiis  he  calls  the  "  Musculus  kerato-cricoidcus."  It  ie  not  found  in  every 
larynx,  and  when  present  exisls  ububUt  only  on  one  side,  but  is  occasionally  found  on  both  sides. 
8ir  William  Turner  {EdiiAurgh  Medirai  Journal,  Feb.,  1860)  states  that  it  is  found  in  about  one  ttse 
in  five.  Its  action  is  to  fix  the  lower  horn  of  the  thyroid  cartilage  backward  and  downward,  opposing 
in  some  measure  the  part  of  the  Crico-thyroid  muscle  which  is  connected  to  the  anterior  margin  of 
the  horn. 
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The  Crko-arytenoideus  lateralis  is  Bmaller  than  the  preceding,  and  of  an 
oblong  form.  It  arises  from  the  upper  border  of  the  side  of  the  cricoid  cartilage, 
and,  passing  obliquely  upward  and 
backward,  is  inserted  into  the  outer 
angle  of  the  base  of  the  arytenoid 
cartilage  in  front  of  the  precedin« 
muBcle. 

The  Artftenoideua  is  a  single  mus- 
cle filling  up   the   posterior  concave 
surface  of  the   arytenoid   cartilages. 
Qirnii  I*  arises  from    the    posterior  surface 

laryn  and  outer   border   of  one    arytenoid 

cartilage,  and  is  inserted  into  the  cor- 
responding parts  of  the  opposite  car- 
tilage. It  consists  of  three  planes  of 
fibres,  two  oblique  and  one  transverse. 
The  oblique  Jibrea,  the  most  superficial, 
form  two  fasciculi,  which  pass  from 
the  base  of  one  cartilage  to  the  apex 
of  the  opposite  one.  The  tranaverie 
fibres,  the  deepest  and  most  numerous, 
jiiieuiar}  pagg  transversely  across  between  the 

thyroid  at  '"*>  Cartilages;  hence   the  Arytenoi- 

deus    was     formerly    considered     as 
several  muscles,  under  the  name  of 
transversi  and  obUqui.     A  few  of  the 
oblique   fibres  are   occasionally    con- 
tinued round  the  outer  margin  of  the 
cartilage,  and  blend  with  the  Thyro- 
oftTyTOid^IrtiCVmoveT'-  ^"" '^'""-   ""«'"■"'     arytenoid  or  the  Aryteno-epiglottideus 
muscle. 
The  Thyro-ar^enoidejts  is  a  broad,  flat  mui^cle  which  lies  parallel  with  the 
outer  side  of  the  true  vocal  cord.     It  arises  in  front  from  the  lower  half  of  the 
receding     angle    of    the    thyroid    car- 
tilage and  from  the  crico-thyroid  mem- 
brane.   Its  fibres  pass  horizontally  back- 
ward and  outward,  to  be  inserted  into 
the  base  and  anterior  surface  of  the  aryt- 
enoid  cartilage.     This    muscle  consists 
of  two  fasciculi.     The  inner  or  inferior 
portion,  the  thicker,  is  inserted  into  the 
anterior  angle  of  the  base  of  the  aryt- 
enoid cartilage  and   into    the   adjacent 
portion  of  its  anterior  surface;    it  lies 
parallel    with    the   true   vocal   cord,    to 
which   it   is   adherent.      The   outer   or 
supitrior  fasciculus,  the  thinner,   is  in- 
serted  into    the    anterior    surface    and 
outer  border  of  the  arytenoid  cartilage 
above  the  preceding  fibres;    it  lies  on 
the  outer  side  of  the  sacculus  laryngis, 
immediately  beneath  the  mucous  mem- 
brane.' 

Arj/tenoideUS     IteetU». —  This      is     a  p,,,,  ftTj—Inlertor   of  tbe   larjiix,  seen    from 

small  but  fairly  constant  muscle  which      aboTe.  (EniarRed.) 

ions  as  separate  muscles,  under  tlie  names  of  Eilemsl  and 
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was  first  described  by  Luschka,  and  named  by  him  the  Art/tenoideus  rectus.  It 
is  attached  below  to  the  posterior  concave  surface  of  the  arytenoid  cartilage 
beneath  the  Arytenoideus  muscle,  and,  passing  upward,  emerges  at  the  upper 
border  of  this  muscle,  and  is  inserted  into  the  posterior  surface  of  the  cartilage  of 
Santorini.* 

The  muscles  of  the  epiglottis  are  the 

Thyro-epiglottideus.  Aryteno-epiglottideus  superior. 

Aryteno-epiglottideus  inferior. 

The  Thyro-epiglottideuB  is  a  delicate  fasciculus  which  arises  from  the  inner 
surface  of  the  thyroid  cartilage,  just  external  to  the  origin  of  the  Thyro-arytenoid 
muscle,  and  spreads  out  upon  the  outer  surface  of  the  sacculus  laryngis ;  some  of 
its  fibres  are  lost  in  the  aryteno-epiglottidean  fold,  whilst  others  are  continued  for- 
ward to  the  margin  of  the  epiglottis  (Depressor  epiglottidis). 

The  Aryteno-epiglottideus  superior  consists  of  a  few  delicate  muscular  fasciculi 
which  arise  from  the  apex  of  the  arytenoid  cartilages  and  become  lost  in  the  fold 
of  mucous  membrane  extending  between  rhe  arytenoid  cartilage  and  side  of  the 
epiglottis  {aryteno-epiglottidean  folds). 

The  Aryteno-epiglottideus  inferior  {Compressor  sacculi  laryngis^  Hilton)  arises 
from  the  arytenoid  cartilage  just  above  the  attachment  of  the  superior  vocal  cord ; 
passing  forward  and  upward,  it  spreads  out  upon  the  anterior  surface  of  the 
epiglottis.  This  muscle  is  separated  from  the  preceding  by  an  indistinct  areolar 
interval.* 

Actions. — In  considering  the  action  of  the  muscles  of  the  larynx,  they  may 
be  conveniently  divided  into  two  groups,  viz. :  1.  Those  which  open  and  close 
the  glottis.     2.  Those  which  regulate  the  degree  of  tension  of  the  vocal  cords. 

1.  The  muscles  which  open  the  glottis  are  the  Crico-arytenoidei  postici ;  and 
those  which  close  it  are  the  Arytenoideus  and  the  Crico-arytenoidei  lateral es. 
2.  The  muscles  which  regulate  the  tension  of  the  vocal  cords  are  the  Crico- 
thyroidei,  which  tense  and  elongate  them ;  and  the  Thyro-arytenoidei,  which  relax 
and  shorten  them.  The  Thyro-epiglottideus  is  a  depressor  of  the  epiglottis,  and 
the  Aryteno-epiglottidei  constrict  the  superior  aperture  of  the  larynx,  compress 
the  sacculi  laryngis,  and  empty  them  of  their  contents. 

The  Crico-arytenoidei  jyostici  separate  the  chordae  vocales,  and  consequently  open  the  glottis, 
by  rotating  the  arytenoid  cartilages  outward  around  a  vertical  axis  passing  through  the  crico- 
ai^^tenoid  joints,  so  that  their  anterior  angles  and  the  ligaments  attached  to  them  become  widely 
separated,  the  vocal  cords  at  the  same  time  being  made  tense. 

The  Crico-arytenoidei  laterales  close  the  glottis  by  rotating  the  arytenoid  cartilages  inward 
so  as  to  approximate  their  anterior  angles. 

The  Arytenoideus  muscles  approximate  the  arytenoid  cartilages,  and  thus  close  the  opening 
of  the  glottis,  especially  at  it^  baclk  part. 

The  Crico-thyroia  muscles  produce  tension  and  elongation  of  the  vocal  cords.  This  is 
effected  as  follows:  the  thjrroid  cartilage  is  fixed  by  the  Thyro-hyoid  muscles;  then  the 
Crico-thyroid  muscles,  when  they  act,  draw  upward  the  front  of  the  cricoid  cartilage,  and  so 
depress  the  posterior  portion,  which  carries  with  it  the  arytenoid  cartilages,  and  thus  elongate 
the  vocal  cords. 

The  Thyro-arytenoidei  muscles,  consisting  of  two  parts  having  different  attachments  and 
different  directions,  are  rather  complicated  as  regards  tneir  action.  Their  main  use  is  to  draw 
the  arytenoid  cartilages  forward  toward  the  thyroid,  and  thus  shorten  and  relax  the  vocal  cords. 
But,  owing  to  the  connection  of  the  inner  portion  with  the  vocal  cord,  this  part,  if  acting  sep- 
arately, is  supposed  to  modify  its  elasticity  and  tension,  and  the  outer  portion,  being  inserted 
into  the  outer  part  of  the  anterior  surface  of  the  arytenoid  cartilage,  may  rotate  it  inward,  and 
thus  narrow  the  rima  glottidis  by  bringing  the  two  cords  together. 

The  Thyro-epif/lotfidei  depress  the  epiglottis  and  assist  m  compressing  the  sacculi  laryngis. 
The  Aiyteno-epiglottideus  superior  constricts  the  superior  aperture  or  the  larynx,  when  it 

^  Anatomy,  by  Hyrtl,  page  718. 

'  Mu.scuLfs  TRiTiCEQ-GLOssus.  Bochdalek,  jun.  (Prager  Vierteljahrsaehriftf  2d  part,  1866), 
describes  a  muscle  hitherto  entirely  OTerlooked,  except  a  brief  statement  in  Henle's  Anatomy,  whicn 
arises  from  the  nodule  of  cartilage  (corpus  trUiceum)  in  the  posterior  thyro-hyoid  ligament,  and  passes 
forward  and  upward  to  enter  the  tongue  along  with  the  Ilyo-glossus  muscle.  He  met  witn  this 
muscle  eight  times  in  twenty-two  subjects.  It  occurred  in  both  sexes,  sometimes  on  both  sides,  at  others 
on  one  only. 
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is  drawn  upward,  during  deglutition,  and  the  opening  closed  by  the  epiglottis.  The  Aryteno- 
epiglottideus  inferior,  together  with  some  fibres  of  the  Thyro-aiytenoidei,  compress  the  sacculus 
liuryngis. 

The  Mucous  Membrane  of  the  Larynx  is  continuous  above  with  that  lining  the 
mouth  and  pharynx,  and  is  prolonged  through  the  trachea  and  bronchi  into  the 
lungs.  It  lines  the  posterior  and  upper  part  of  the  anterior  surface  of  the  epiglottis, 
to  which  it  is  closely  adherent,  and  forms  the  aryteno-epiglottidean  folds  which 
encircle  the  superior  aperture  of  the  larynx.  It  lines  the  whole  of  the  cavity  of 
the  larynx ;  forms,  by  its  reduplication,  the  chief  part  of  the  superior  or  false 
vocal  cord ;  and,  from  the  ventricle,  is  continued  into  the  sacculus  laryngis.  It 
is  then  reflected  over  the  true  vocal  cords,  where  it  is  thin  and  verv  intimately 
adherent;  covers  the  inner  surface  of  the  crico-thyroid  membrane  and  cricoid 
cartilage ;  and  is  ultimately  continuous  with  the  lining  membrane  of  the  trachea. 
It  is  covered  with  columnar  ciliated  epithelium  below  the  superior  vocal  cord, 
but  above  this  point  the  cilia  are  found  only  in  front,  as  high  as  the  middle 
of  the  epiglottis.  In  the  rest  of  its  extent  the  epithelium  is  of  the  squamous 
variety. 

Glands, — The  mucous  membrane  of  the  larynx  is  furnished  with  numerous 
muciparous  glands,  the  orifices  of  which  are  found  in  nearly  every  part ;  they 
are  very  numerous  upon  the  epiglottis,  being  lodged  in  little  pits  in  its  substance; 
they  are  also  found  in  large  numbers  along  the  posterior  margin  of  the  aryteno- 
epiglottidean  fold,  in  front  of  the  arytenoid  cartilages,  where  they  are  termed  the 
arytenoid  glands.  They  exist  also  in  large  numbers  upon  the  inner  surface  of  the 
sacculus  laryngis.     None  are  found  on  the  vocal  cords. 

Vessels  and  Nerves. — The  arteries  of  the  larynx  are  the  laryngeal  branches 
derived  from  the  superior  and  inferior  thyroid.  The  veins  accompany  the  arteries: 
those  accompanying  the  superior  laryngeal  artery  join  the  superior  thyroid  vein 
which  opens  into  the  internal  jugular  vein ;  while  those  accompanying  the  inferior 
laryngeal  artery  join  the  inferior  thyroid  vein  which  opens  into  the  innominate 
vein.  The  lymphatics  terminate  in  the  deep  cervical  glands.  The  nerves  are  the 
superior  laryngeal  and  the  inferior  or  recurrent  laryngeal  branches  of  the  pneumo- 
gastric  nerves,  joined  by  filaments  from  the  sympathetic.  The  superior  laryngeal 
nerves  supply  the  mucous  membrane  of  the  larynx  and  the  Crico-thyroid  muscles. 
The  inferior  laryngeal  nerves  supply  the  remaining  muscles.  The  Arytenoid 
muscle  is  supplied  by  both  nerves. 

THE  TBAOHEA  (Fig.  573). 

The  Trachea,  or  Windpipe,  is  a  cartilaginous  and  membranous  cylindrical  tube, 
flattened  posteriorly,  which  extends  from  the  lower  part  of  the  larynx,  on  a  level 
with  the  sixth  cervical  vertebra,  to  opposite  the  fourth,  or  sometimes  the  fifth, 
dorsal,  where  it  divides  into  the  two  bronchi,  one  for  each  lung.  The  trachea 
measures  about  four  inches  and  a  half  in  length  ;  its  diameter,  from  side  to  side, 
is  from  three-quarters  of  an  inch  to  an  inch,  being  always  greater  in  the  male  than 
in  the  female. 

Relations. — The  anterior  surface  of  the  trachea  is  convex,  and  covered  in  the 
neck,  from  above  downward,  by  the  isthmus  of  the  thyroid  gland,  the  inferior 
thyroid  veins,  the  arteria  thyroidea  ima  (when  that  vessel  exists),  the  Sterno-hyoid 
and  Sterno-thyroid  muscles,  the  cervical  fascia,  and  more  superficially,  by  the 
anastomosing  branches  between  the  anterior  jugular  veins :  in  the  thorax  it  is 
covered  from  before  backward  by  the  first  piece  of  the  sternum,  the  remains  of  the 
thymus  gland,  the  left  innominate  vein,  the  arch  of  the  aorta,  the  innominate  and 
left  carotid  arteries,  and  the  deep  cardiac  plexus.  Posteriorly,  it  is  in  relation 
with  the  oesophagus;  laterally,  in  the  neck,  it'is  in  relation  with  the  common 
carotid  arteries,  the  lateral  lobes  of  the  thyroid  gland,  the  inferior  thyroid  arteries 
and  recurrent  laryngeal  nerves ;  and  in  the  thorax  it  lies  in  the  space  between  the 
pleurse,  having  the  pneumogastric  nerve  on  each  side  of  it. 

The  Bight  Bronchus,  w  ider,  shorter,  and  more  horizontal  in  direction  than  the 
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left,  is  about  an  inch  in  leogth,  and  enters  the  right  lung  opposite  the  fifth  dorsal 
vertebra.  The  vena  azygos  major  arches  over  it  from  behind,  and  the  right 
pulmonary  artery  lies  below  and  then  in  front  of  it. 

The  Left  Bnmclins  is  smaller,  longer,  and  more  oblique  than  the  right,  being 
nearly  two  inches  in  length.  It  enters  the  root  of  the  left  lung  opposite  the  sixth 
dorsal  vertebra,  about  an  inch  lower  than  the  right  bronchus.  It  passes  beneath 
the  arch  of  the  aorta,  crosses,  in  front  of  the  oesophagus,  the  thoracic  duct  and 


Fig.  573.— From  view  of  caitllages  oS  laryni ;  the  trachea  ai 
the  descending  aorta,  and  has  the  left  pulmonary  artery  lying  at  first  above  and 
then  in  front  of  it.  If  a  transverse  section  is  made  across  the  trachea  a  short 
distance  above  its  point  of  bifurcation,  and  a  bird's-eye  view  taken  of  its  interior 
(Fig.  574),  the  septum  placed  at  the  bottom  of  the  trachea  and  separating  the  two 
bronchi  will  be  seen  to  occupy  the  left  of  the  median  line,  so  that  any  solid  body 
dropping  into  the  trachea  would  naturally  be  directed  toward  the  right  bronchus. 
This  tendency  is  aided  by  the  larger  size  of  the  right  tube  as  compared  with  its 
fellow.  This  fact  serves  to  explain  why  a  foreign  body  in  the  trachea  generally 
falls  into  the  right  bronchus.' 

a  fureign  body  into  the  iffl  bronchuB  is  bj  no  meanB  so  infre* 
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Stamctnrft. — The  tracLea  is  composed  of  imperfect  cartilaginous  rings,  fibrous 
membrane,  muscular  fibres,  longitudinal  yellow  elastic  fibres,  mucous  membrane, 
and  glands. 

The  cartilages  vary  from  sixteen  to  twenty  in  number :  each  forms  an  imper- 
fect ring  which  surrounda  about  two-thirds  of  the  cylinder  of  the  trachea,  being 
imperfect  behind,  where  the  tube  is  completed  by  fibrous  membrane.  The  cartilages 
are  placed  horizontally  above  each  other,  separated  by  narrow  membranous 
intervals.  They  measure  about  two  lines  in  depth  and  half  a  line  in  thickness. 
Their  outer  surfaces  are  flattened,  hut  internally  they  are  convex  from  being  thicker 
in  the  middle  than  at  the  margins.  Two  or  more  of  the  cartilages  often  unite 
partially  or  completely,  and  are  sometimes  bifurcated  at  their  extremities.  They 
are  highly  elastic,  but  sometimes  become  calcified  in  advanced  life.  In  the  right 
bronchus  the  cartilages  vary  in  number  from  six  to  eight ;  in  the  left,  from  nine 


rio.  574.— Tram  verse  secllon  of  the  Irachea,  Just  above  Its  blfurcaiion,  wllh  a  bird'Mje  view  of  the  Interior. 

to  twelve.  They  are  shorter  and  narrower  than  those  of  the  trachea.  The  peculiar 
cartilages  are  the  first  and  the  last. 

The  Argt  nartilage  is  broader  than  the  rest,  and  sometimes  diA-ided  at  one  end; 
it  is  connected  by  fibrous  membrane  with  the  lower  border  of  the  cricoid  cartilage, 
with  which  or  with  the  succeeding  cartilage  it  is  sometimes  blended. 

The  la»t  cartilage  is  thick  and  broad  in  the  middle,  in  consequence  of  its  lower 
border  being  prolonged  into  a  triangular  hook-shaped  process  which  curves  down- 
ward and  bacKward  between  the  two  bronchi.  It  terminates  on  each  side  in  an 
imperfect  ring  which  encloses  the  commencement  of  the  bronchi.  The  cartilage 
above  the  last  is  somewhat  broader  than  the  rest  at  its  centre. 

The  Fibrous  Membrane. — The  cartilages  aie  enclosed  in  an  elastic  fibrous 
membrane  which  forms  a  double  layer,  one  layer,  the  thicker  of  the  two,  passing 
over  the  outer  surface  of  the  ring,  the  other  over  the  inner  surface :  at  the  upper 
and  lower  margins  of  the  cartilages  these  two  layers  blend  together  to  form  a  single 
membrane  which  connects  the  rings  one  with  another.  They  are  thus,  as  it  were, 
imbedded  in  the  membrane.  In  the  space  behind,  between  the  extremities  of  the 
rings,  the  membrane  forms  a  single  distinct  layer. 

The  mnscnlar  fibres  are  disposed  in  two  layers,  longitudinal  and  transverse. 
The  longitudinal  fibre*  are  the  most  external,  and  arise  by  minute  tendons  from 
the  inner  surfaces  of  the  ends  of  the  tracheal  cartilages  and  from  the  fibrous 
membrane. 

The  transverse  fibre*  (Trachealis  muscle.  Todd  and  Bowman),  the  most  internal. 
form  a  thin  layer  which  extends  transversely  between  the  ends  of  the  cartilages 
and  the  intervals  between  them  at  the  posterior  part  of  the  trachea.  The  muscular 
fibres  are  of  the  unstriped  variety. 

The  elastic  fibres  form  a  complete  lining  to  the  entire  cylinder  of  the  trachea, 
external  to  the  mucous  membrane;  theyare  most  abundant  at  the  posterior  part  of 
the  tube  between  the  extremities  of  the  rings,  where  they  are  collected  into  distinct 
longitudinal  bundles,  and  are  especially  numerous  about  the  bifurcation  of  the 
trachea.  They  may  be  traced  downward  as  a  continuous  membrane  to  the  ultimate 
ramifications  of  the  bronchial  tubes.  The  fibres  are  contained  in  a  loose  submucous 
tissue  which  contains  numerous  mucous  glands. 

The  Mucous  Membrane  is  continuous  above  with  that  of  the  larynx,  and  below 
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with  that  of  the  bronchi.  Microscopically,  it  presents  a  well-marked  basement 
membrane  supporting  a  laj^er  of  columnar  ciliated  epithelium,  between  the  deeper 
ends  of  which  are  smaller  round  or  elongated  cells.  It  contains  a  large  amount 
of  lymphoid  tissue  and  some  tracheal  glands. 

l^he  Tracheal  Glands  are  found  in  great  abundance  at  the  posterior  part  of  the 
trachea.  They  are  sipall,  flattened,  ovoid  bodies  placed  upon  the  outer  surface  of 
the  fibrous  layer ;  each  is  furnished  with  an  excretory  duct  which  pierces  the  fibrous 
and  muscular  layers  and  opens  on  the  surface  of  the  mucous  membrane.  Some 
glands  of  smaller  size  are  also  found  at  the  sides  of  the  trachea,  between  the  layers 
of  fibrous  tissue  connecting  the  rings,  and  others  immediately  beneath  the  mucous 
coat.  The  secretion  from  these  glands  serves  to  lubricate  the  inner  surface  of  the 
trachea. 

Vessels  and  Nerves. — The  trachea  is  supplied  with  blood  by  the  inferior  thyroid 
arteries.  The  veins  terminate  in  the  thyroid  venous  plexus.  The  nerves  are 
derived  from  the  pneumogastric  and  its  recurrent  branches  and  from  the  sympa- 
thetic. 

Sur&ce  Form. — In  the  middle  line  of  the  neck  some  of  the  cartilages  of  the  laivnx  can  be 
readily  distinguished.  In  the  receding  anele  below  the  chin  the  hyoid  bone  can  easily  be  made 
out  (see  page  230),  and  a  finger's  breadth  below  it  is  the  pomum  Adami,  the  prominence  between 
the  upper  borders  of  the  two  alse  of  the  thyroid  cartilage.  About  an  inch  below  this,  in  the 
middle  line,  is  a  depression  corresponding  to  the  crico-thyroid  space,  in  which  the  operation  of 
laryngotomy  is  periormed.  This  aepression  is  bounded  below  by  a  prominent  arch,  the  anterior 
ring  of  the  cricoid  cartilage,  below  which  the  trachea  can  be  felt,  though  it  is  only  in  the 
emaciated  adult  that  the  separate  rings  can  be  distinguished.  The  lower  part  of  the  trachea  is 
not  easily  made  out,  for  as  it  descends  in  the  neck  it  takes  a  deeper  position  and  is  farther 
removed  from  the  surface.  The  level  of  the  vocal  cords  corresponds  to  the  middle  of  the  ante- 
rior margin  of  the  thyroid  cartilage. 

With  the  laryngoscope  the  following  structures  can  be  seen :  The  base  of  the  tongue  and 
the  upper  surface  of  the  epiglottis,  with  the  glosso- epiglottic  ligaments,  the  superior  aperture  of 
the  larynx,  bounded  on  either  side  by  the  ar^'teno-epiglottidean  ligaments,  in  which  may  be  seen 
two  rounded  eminences  corresponding  to  the  comicula  and  cuneiform  cartilages.  Beneath  these, 
the  true  and  false  vocal  cords,  with  the  ventricle  between  them.  Still  deeper,  the  cricoid  carti- 
lage and  some  of  the  anterior  parts  of  the  rings  of  the  trachea,  and  sometimes,  in  deep  inspira- 
tion, the  bifurcation  of  the  trachea. 

Surgical  Anatomy. — Foreign  bodies  oflen  find  their  way  into  the  air-passages.  These  may 
be  either  large  soft  substances,  as  a  piece  of  meat,  when  they  become  lodged  in  the  upper  aper- 
ture of  the  larynx  or  in  the  rima  glottidis,  and  cause  speedy  suffocation  unless  rapidly  got  rid  of 
or  unless  an  opening  is  made  into  the  air- passages  below,  so  as  to  enable  the  patient  to  breathe. 
Smaller  bodies,  and  frequently  of  a  hard  nature,  such  as  cheny-  or  plum-stones,  small  pieces  of 
bone,  buttons,  etc. ,  may  find  their  way  through  the  rima  glottidis  into  the  trachea  or  bronchus, 
or  may  become  lodged  in  the  ventricle  of  the  larynx.  The  dangers  then  depend  not  so  much 
upon  the  mechanical  obstruction  as  upon  the  spasm  of  the  glottis  which  they  excite  from  reflex 
irritation.  When  lodged  in  the  ventricle  of  the  larynx  they  may  produce  very  few  syniptoms 
beyond  sudden  loss  of  voice  or  alteration  in  the  voice  sounds  immediately  following  the  inhala- 
tion of  the  foreign  body.  When,  however,  they  are  situated  in  the  trachea,  they  are  constantly 
striking  against  the  vocal  cords  during  expiratory  eflbrts,  and  produce  attacks  of  dyspnoea  from 
8pa.sm  of  the  glottis.  When  lodged  in  the  bronchus  they  usually  become  fixed  there,  and, 
occluding  the  lumen  of  the  tube,  cause  a  loss  of  the  respiratory  murmur  on  the  affected  side, 
which  is,  as  stated  above,  usually  the  right. 

Beneath  the  mucous  membrane  of  the  upper  part  of  the  air-passages  there  is  a  considerable 
amount  of  submucous  tissue  which  is  liable  to  oecome  much  swollen  from  effusion  in  inflamma- 
tory affections,  constituting  the  disease  known  as  ^'oedema  of  the  glottis."  This  effusion  does 
not  extend  below  the  level  of  the  vocal  cords,  on  account  of  the  fact  that  the  mucous  membrane 
is  doHely  adherent  to  these  structures,  without  the  intervention  of  any  submucous  tissue.  So 
that,  in  cases  of  this  disease  in  which  it  is  necessary  to  open  the  air-passages  to  prevent  suffoca- 
tion, the  operation  of  laiyngotomy  is  sufficient. 

Chronic  laryngitis  is  an  inflammation  of  the  mucous  glands  of  the  lar}'nx  which  occurs  in 
those  who  speak  much  in  public,  and  is  known  as  ''  clergyman's  sore  throat."  It  is  due  to  the 
dr>'ness  induced  by  the  large  amount  of  cold  air  draw  mto  the  air-passages  during  prolonged 
speaking,  which  excites  the  increased  activity  of  the  mucous  glands  to  keep  the  parts  moist,  and 
this  eventually  terminates  in  inflammation  of  these  structures. 

Ulceration  of  the  larynx  may  occur  from  syphilis,  either  superficial  ulceration  or  firom  the 
softening  of  a  gumma,  from  tubercular  disease  (laryngeal  phthisis),  or  from  malignant  disease 
(epithelioma). 

The  air-passages  may  be  opened  in  two  different  situations:  through  the  crico-thyroid  mem- 
brane {laryngotomy),  or  in  some  part  of  the  trachea  {tracheotomy)  ;  and  to  these  some  surgeons 
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Structure. — The  tracbea  is  composed  of  imperfect  cartilaginous  rings,  fibrous 
membrane,  muscular  fibres,  longitudinal  yellow  elastic  fibres,  mucous  membrane, 
and  glands. 

The  cartilages  vary  from  sixteen  to  twenty  in  number:  each  forms  an  imper- 
fect ring  which  surrounds  about  two-thirds  of  the  cylinder  of  the  trachea,  being 
imperfect  behind,  where  the  tube  is  completed  by  fibrous  membrane.  The  cartilages 
are  placed  horizontally  above  each  other,  separated  by  narrow  membranous 
intervals.  They  measure  about  two  lines  in  depth  and  half  a  line  in  thickness. 
Their  outer  surfaces  are  flattened,  but  internally  they  are  convex  from  being  thicker 
in  the  middle  than  at  the  margins.  Two  or  more  of  the  cartilages  often  unite 
partially  or  completely,  and  are  sometimes  bifurcated  at  their  extremities.  They 
are  highly  elastic,  but  sometimes  become  calcified  in  advanced  life.  In  the  right 
bronchus  the  cartilages  vary  in  number  from  six  to  eight;  in  the  left,  from  nine 


Fia.  574,— 'TniDSTeree  section  of  the  tracbva,  Juet  above  iu<  birurcallun,  with  a  blrd'B-ejre  view  of  tbe  luteriot. 

to  twelve.  They  are  shorter  and  narrower  than  those  of  the  trachea.  The  peculiar 
cartilages  are  the  first  and  the  last. 

The  firgt  cartilage  is  broader  than  the  rest,  and  sometimes  divided  at  one  end; 
it  is  connected  by  fibrous  membrane  with  tbe  lower  border  of  the  cricoid  cartilage, 
with  which  or  with  the  succeeding  cartilage  it  is  sometimes  blended. 

Tbe  last  cartilage  is  thick  and  broad  in  tbe  middle,  in  conseauence  of  its  lower 
border  being  prolonged  into  a  triangular  book-shaped  process  which  curves  down- 
ward and  backward  between  tbe  two  bronchi.  It  terminates  on  each  side  in  an 
imperfect  ring  which  encloses  the  commencement  of  the  bronchi.  The  cartilage 
above  the  last  Is  somewhat  broader  than  the  rest  at  its  centre. 

The  Fibroin  Membrane. — The  cartilages  are  enclosed  in  an  elastic  fibrous 
membrane  which  forms  a  double  layer,  one  layer,  the  thicker  of  the  two,  passing 
over  the  outer  surface  of  the  ring,  the  other  over  the  inner  surface  :  at  the  upper 
and  lower  margins  of  the  cartilages  these  two  layers  blend  together  to  form  a  Single 
membrane  which  connects  the  rings  one  with  another.  They  are  thus,  as  it  were, 
imbedded  in  the  membrane.  In  the  space  behind,  between  the  extremities  of  the 
rings,  the  membrane  forms  a  single  distinct  layer. 

The  muscular  fibres  are  disposed  in  two  layers,  longitudinal  and  transverse. 
The  longitudinal  fibres  are  the  most  external,  and  arise  by  minute  tendons  from 
tbe  inner  surfaces  of  the  ends  of  the  tracheal  cartilages  and  from  the  fibrous 
membrane. 

The  transverse  fihrm  {iTucheaMs  mn3e\e.  Todd  and  Bowman),  tbe  most  internal, 
form  a  thin  layer  which  extends  transversely  between  the  ends  of  the  cartilages 
and  the  intervals  between  them  at  the  posterior  part  of  the  trachea.  The  muscular 
fibres  are  of  the  unstriped  variety. 

The  elastic  fibres  form  a  comjdete  lining  to  tbe  entire  cylinder  of  the  trachea, 
external  to  the  mucous  membrane ;  they  are  most  abundant  at  the  posterior  part  of 
the  tube  between  the  extremities  of  the  ringii,  where  they  are  collected  into  distinct 
longitudinal  bundles,  and  are  especially  numerous  about  the  bifurcation  of  the 
trachea.  They  may  be  traced  downward  as  a  continuous  membrane  to  the  ultimate 
ramifications  of  the  bronchial  tubes.  The  fibres  are  contained  in  a  loose  submucous 
tissue  which  contains  numerous  mucous  glands. 

The  Mucous  Membrane  is  continuous  above  with  that  of  the  larynx,  and  below 
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with  that  of  the  bronchi.  Microscopically,  it  presents  a  well-marked  basement 
membrane  supporting  a  laj^er  of  columnar  ciliated  epithelium,  between  the  deeper 
ends  of  which  are  smaller  round  or  elongated  cells.  It  contains  a  large  amount 
of  lymphoid  tissue  and  some  tracheal  glands. 

^he  Tracheal  Glands  are  found  in  great  abundance  at  the  posterior  part  of  the 
trachea.  They  are  sipall,  flattened,  ovoid  bodies  placed  upon  the  outer  surface  of 
the  fibrous  layer ;  each  is  furnished  with  an  excretory  duct  which  pierces  the  fibrous 
and  muscular  layers  and  opens  on  the  surface  of  the  mucous  membrane.  Some 
glands  of  smaller  size  are  also  found  at  the  sides  of  the  trachea,  between  the  layers 
of  fibrous  tissue  connecting  the  rings,  and  others  immediately  beneath  the  mucous 
coat.  The  secretion  from  these  glands  serves  to  lubricate  the  inner  surface  of  the 
trachea. 

Vessels  and  Nerves. — The  trachea  is  supplied  with  blood  by  the  inferior  thyroid 
arteries.  The  veins  terminate  in  the  thyroid  venous  plexus.  The  nerves  are 
derived  from  the  pneumogastric  and  its  recurrent  branches  and  from  the  sympa- 
thetic. 

Sur&ce  Form. — In  the  middle  line  of  the  neck  some  of  the  cartilages  of  the  larvnx  can  be 
readily  distinguished.  In  the  receding  ande  below  the  chin  the  hyoid  bone  can  easily  be  made 
out  (see  page  230),  and  a  finger's  breadth  below  it  is  the  pomum  Adami,  the  prominence  between 
the  upper  borders  of  the  two  alaB  of  the  thyroid  cartilage.  About  an  inch  below  this,  in  the 
middle  line,  is  a  depression  corresponding  to  the  crico-thyroid  space,  in  which  the  operation  of 
laryngotomy  is  performed.  This  depression  is  bounded  below  by  a  prominent  arch,  the  anterior 
ring  of  the  cricoid  cartilage,  below  which  the  trachea  can  be  felt,  though  it  is  only  in  the 
emaciated  adult  that  the  separate  rings  can  be  distinguished.  The  lower  part  of  the  trachea  is 
not  easily  made  out,  for  as  it  descends  in  the  neck  it  takes  a  deeper  position  and  is  farther 
removed  from  the  surface.  The  level  of  the  vocal  cords  corresponds  to  the  middle  of  the  ante- 
rior margin  of  the  thyroid  cartilage. 

With  the  laryngoscope  the  following  structures  can  be  seen :  The  base  of  the  tongue  and 
the  upper  surface  of  the  epiglottis,  with  the  glosso-epifflot^tic  ligaments,  the  superior  aperture  of 
the  larynx,  bounded  on  either  side  by  the  arj'teno-epiglottidean  ligaments,  in  vrhich  may  be  seen 
two  rounded  eminences  corresponding  to  the  comicula  and  cuneiform  cartilages.  Beneath  these, 
the  true  and  false  vocal  cords,  with  the  ventricle  between  them.  Still  deeper,  the  cricoid  carti- 
lage and  some  of  the  anterior  parts  of  the  rings  of  the  trachea,  and  sometimes,  in  deep  inspira- 
tion, the  bifurcation  of  the  trachea. 

Surgical  Anatomy. — Foreign  bodies  oflenfind  their  way  into  the  air- passages.  These  may 
be  either  large  soft  substances,  as  a  piece  of  meat,  when  they  become  lodged  in  the  upper  aper- 
ture of  the  lar^^nx  or  in  the  rima  glottidis,  and  cause  speedy  suffocation  unless  rapidly  got  rid  of 
or  unless  an  opening  is  made  into  the  air- passages  below,  so  as  to  enable  the  patient  to  breathe. 
Smaller  bodies,  and  frequently  of  a  hard  nature,  such  as  cheny-  or  plum-stones,  small  pieces  of 
bone,  buttons,  etc. ,  may  find  their  way  through  the  rima  glottidis  into  the  trachea  or  bronchus, 
or  may  become  lodged  in  the  ventricle  of  the  larynx.  The  dangers  then  depend  not  so  much 
upon  the  mechanical  obstruction  as  upon  the  spasm  of  the  glottis  which  they  excite  from  reflex 
irritation.  When  lodged  in  the  ventricle  of  the  larynx  they  may  produce  very  few  symptoms 
beyond  sudden  loss  of  voice  or  alteration  in  the  voice  sounds  immediately  following  the  inhala- 
tion of  the  foreign  body.  When,  however,  they  are  situated  in  the  trachea,  they  are  constantly 
striking  against  the  vocal  cords  during  expiratory  efforts,  and  produce  attacks  of  dyspnoea  from 
spaf^m  of  the  glottis.  When  lodged  in  the  bronchus  they  usually  become  fixed  tnere,  and, 
occluding  the  lumen  of  the  tube,  cause  a  loss  of  the  respiratoiy  murmur  on  the  affected  side, 
which  is,  as  stated  above,  usually  the  right. 

Beneath  the  mucous  membrane  of  the  upper  part  of  the  air-passages  there  is  a  considerable 
amount  of  submucous  tissue  which  is  liable  to  oecome  much  swollen  from  efliision  in  infiamma- 
tor}"-  affections,  constituting  the  disease  known  as  "oedema  of  the  glottis."  This  efiusion  does 
not  extend  below  the  level  of  the  vocal  cords,  on  account  of  the  fact  that  the  mucous  membrane 
is  closely  adherent  to  these  structures,  without  the  intervention  of  any  submucous  tissue.  So 
that,  in  cases  of  this  disease  in  which  it  is  necessary  to  open  the  air- passages  to  prevent  suffoca- 
tion, the  operation  of  laiyngotomy  is  sufiicient. 

Chronic  larsmgitis  is  an  inflammation  of  the  mucous  glands  of  the  lar>'nx  which  occurs  in 
those  who  speak  much  in  public,  and  is  known  as  "clergyman's  sore  throat."  It  is  due  to  the 
dryness  induced  by  the  large  amount  of  cold  air  draw  into  the  air-passages  during  prolonged 
speaking,  which  excites  the  increased  activity  of  the  mucous  glands  to  keep  the  parts  moist,  and 
tnis  eventually  terminates  in  inflammation  of  these  structures. 

Ulceration  of  the  larynx  may  occur  from  syphilis,  either  superficial  ulceration  or  from  the 
softening  of  a  gumma,  from  tubercular  disease  (lar^'ngeal  phthisis),  or  from  malignant  disease 
(epithelioma). 

The  air-passages  may  be  opened  in  two  different  situations :  through  the  crico-thyroid  mem- 
brane [laryngotomy),  or  in  some  part  of  the  trachea  [tracheotomy) ;  and  to  these  some  surgeons 
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have  added  a  third  method,  by  opening  the  crico-thrroid  membrane  and  dividing  ihe  ericoid 
cartilage  with  the  upper  ring  of  the  trachea  {Itiryngo-tracheotomy).  The  student  should  care- 
fully consider  the  relative  anatomy  of  the  air-tube  in  each  of  these  aitnaiions  (Fig.  575). 


t'lG.  575.— SurKli^il  aiiauimy  of  laryiiKO-tntcbeal  region.    In  Ibe  Infkiil. 

Laryngotom;!  is  anatomically  the  moat  simple  operation :  it  can  most  readily  be  performed, 
and  should  always  be  preferred  when  particular  cin-umstanccs  do  not  render  the  operation  of 
trachooioniy  absolutelj-  nccessan'.  The  crico-thyroiU  membrane  is  verj'auperfioial,  being  eovered 
onb'  in  the  middle  line  by  the  skin,  superficial  tkscia.  and  the  deep  fascia.  On  each  «ae  of  ih« 
middle  line  it  is  also  covered  by  the  f>temo-hyoid  and  Stcmo-thj-roid  muscles,  which  divcTEe 
slightly  from  each  other  at  their  upper  parts,  leaving  a  slight  interval  between  them.  On  these 
muscles  rosia  the  anterior  jugular  vein.  The  only  vessel  of  any  importance  in  connection  wiih 
this  operation  is  the  crico-th^Toid  arteiy,  which  crosses  the  erico-thyroid  membrane,  and  iThi''h 
may  lie  wounded,  but  rarely  gives  rise  to  imy  trouble.  The  operation  is  performed  thus :  The 
head  being  thrown  back  and  steadied  by  an  assisiant,  the  finger  is  pa.ssed  over  the  front  of  the 
neck  and  the  crico-thyroid  depression  fi'lt  for.  A  vertical  incision  iw  then  made  through  the 
skin  in  the  middle  line  over  this  spot,  and  carried  down  through  the  fa^ia  until  the  crico- 
thyroid membrane  is  cx|Kiseii.  A  cross  cut  is  then  made  througn  the  membrane,  close  to  the 
tipiicr  bonier  of  the  cricoid  cartilage,  so  aa  to  avoid,  if  possible,  the  crico-thyroid  arteiy.  and 
a  trai'heotomy-tabc  introdiu-eil.  It  has  been  recommended,  as  a  more  rapid  way  of 
)icrforming  the  oiieration,  to  ntnke  a  Irnnsverse  instead  of  a  longitudinal  cut  through  the 
superficial  structures,  and  thus  to  open  at  once  the  air-passai-es.  It  will  be  seen,  however,  that 
in  operating  in  this  way  the  anterior  jugnlar  veins  would  be  in  danger  of  beiug  wounded. 

Traxhi-iilomy  may  Ijc  ncrfonnctl  either  above  or  below  the  isthmus  of  the  thyroid  body,  or 
this  structure  may  be  divided  and  the  trachea  o|)ened  beneath  it. 

The  isthmus  of  the  thyroid  gland  usually  crosses  the  second  and  third  rings  of  the  Inches ; 
along  its  upjwr  border  is  frequently  to  be  found  a  large  transverse  communicating  branch  between 
the  suiierior  thyroid  veins ;  and  the  isthmus  itself  is  covered  by  a  venous  pic.ius  formeil  between 
the  thyroiil  veins  of  the  opposite  sides.  Theoretically,  therefore,  it  is  advisable  to  avoid  dividing 
this  structure  in  o|)cning  the  trachea. 

Above  the  isthmus  the  trachea  is  comparatively  su|>erficial,  being  covered  by  the  skin. 
superficial  fascia,  deep  fascia,  Sterno-hyoid  and  Sternothyroid  muscles,  and  a  second  layer  of 
the  deep  fuseia,  which,  attached  above  to  tiie  lower  border  of  the  hyoid  bone,  descends  beneath 
ihe  muscles  to  the  thyroid  body,  where  it  divides  into  two  layers  and  encloses  the  isthmus. 

Below  the  isthTuns  the  trachea  lies  much  more  deeply,  and  is  covered  by  the  Steroo-hvoid 
and  the  Stemo-tlvvroid  muscles  and  a  quantity  of  loose  areolar  tissue  in  which  is  a  plexus  of  veins, 
8i)me  of  them  of  large  size ;  thev  converge  to  two  trunks,  the  inferior  thyroid  veins,  which 
desccwl  on  either  side  of  the  median  line  on  the  front  of  the  trachea  and  0{>en  into  the  innonii- 
miie  veins.  In  the  infant  the  thymus  gland  ascends  a  variable  distance  along  the  front  of  the 
trachea,  and  opposite  the  epistcmal  notch  the  windpipe  is  crossed  by  the  left  innominate  vein. 
Occasionallj'  also,  in  young  snbjcels,  the  innominate  artery  crosses  the  tube  obliqnely  above 
the  level  of  the  sternum.  The  thyroidea  ima  arterj-,  when  that  vessel  exists,  passes  from  below 
upward  along  the  front  of  the  tniehea. 
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From  these  observations  it  must  be  evident  that  the  trachea  can  be  more  readily  opened 
above  than  below  the  isthmus  of  the  thyroid  bodv. 

Tracheotomy  above  the  isthmus  is  performed  thus :  The  patient  should,  if  possible,  be  laid 
on  his  back  on  a  table  in  a  ^ood  light  A  pillow  is  to  be  placed  under  the  shoulders  and  the 
head  thrown  back  and  steadied  by  an  assistant.  The  surgeon,  standing  on  the  right  side  of  his 
patient,  makes  an  incision  from  an  inch  and  a  half  to  two  mches  in  length  in  the  median  line  of 
the  neck  from  the  top  of  the  cricoid  cartilage.  The  incision  must  be  made  exactly  in  the  middle 
Hne,  so  as  to  avoid  the  anterior  jugular  veins,  and  afler  the  superficial  structures  have  been 
divided  the  interval  between  the  Sterno-hyoid  muscles  must  be  found,  the  raphe  divided,  and 
the  muscles  drawn  apart.  The  lower  border  of  the  cricoid  cartilajge  must  now  be  felt  for,  and 
the  upper  part  of  the  trachea  exposed  from  this  point  downward  m  the  middle  line.  Bose  has 
recommended  that  the  layer  of  fascia  in  front  of  the  trachea  should  be  divided  transversely 
at  the  level  of  the  lower  border  of  the  cricoid  cartilage,  and,  having  been  seized  with  a  pair  of 
forceps,  pressed  downward  with  the  handle  of  the  scalpel.  By  this  means  the  isthmus  of  the 
thyroid  gland  is  depressed,  and  is  saved  from  all  danger  of  being  wounded,  and  the  trachea 
cleanly  exposed.  The  trachea  is  now  transfixed  with  a  sharp  hook  and  drawn  forward  in  order 
to  steady  it  and  is  then  opened  by  inserting  the  knife  into  it  and  dividing  the  two  or  three  upper 
rings  from  below  upward.  If  the  trachea  is  to  be  opened  below  the  isthmus,  the  incision  must 
be  made  from  a  little  below  tjie  cricoid  cartilage  to  tne  top  of  the  sternum. 

In  the  child  the  trachea  is  smaller,  more  deeply  placed,  and  more  movable  than  in  the  adult. 
In  fat  or  short-necked  people,  or  in  those  in  whom  the  muscles  of  the  neck  are  prominently 
developed,  the  trachea  is  more  deeply  placed  than  in  the  opposite  conditions. 

A  portion  of  the  latynx  or  the  whole  of  it  has  been  removed  for  malignant  disease.  The 
results  which  have  been  obtained  from  the  removal  of  the  whole  of  it  have  not  been  very  satis- 
factory, and  the  cases  in  which  the  operation  is  justifiable  are  very  few.  It  may  be  removed  by 
a  median  incision  through  the  soil  parts,  freeing  the  cartilage  from  the  muscles  and  other 
structures  in  front,  separating  the  larynx  from  the  trachea  below,  and  dissecting  off  the  deeper 
structure  from  below  upward. 

THE  PLEURiE. 

Each  lung  is  invested,  upon  its  external  surface,  by  an  exceedingly  delicate 
serous  membrane,  the  pleura,  which  encloses  the  organ  as  far  as  its  root,  and  is 
then  reflected  upon  the  inner  surface  of  the  thorax.  The  portion  of  the  serous 
membrane  investing  the  surface  of  the  lung  is  called  the  pleura  pulmonalis 
(visceral  layer  of  pleura),  while  that  which  lines  the  inner  surface  of  the  chest  is 
called  the  pleura  costalis  (parietal  layer  of  pleura).  The  space  between  these  two 
layers  is  called  the  cavity  of  the  pleura^  but  it  must  be  borne  in  mind  that  in  the 
healthy  condition  the  two  layers  are  in  contact,  and  there  is  no  real  cavity  until  the 
lung  becomes  collapsed  and  a  separation  of  it  from  the  wall  of  the  chest  takes 
place.  Each  pleura  is  therefore  a  shut  sac,  one  occupying  the  right,  the  other  the 
left  half  of  the  thorax,  and  they  are  perfectly  separate,  not  communicating  with 
each  other.  The  two  pleurae  do  not  meet  in  the  middle  line  of  the  chest,  excepting 
anteriorlv  opposite  the  upper  part  of  the  second  piece  of  the  sternum — a  space 
being  left  between  them,  which  contains  all  the  viscera  of  the  thorax  excepting 
the  lungs :  this  is  the  mediastinum. 

Reflections  of  the  Pleura  (Fig.  576). — Commencing  at  the  sternum,  the  pleura 
passes  outward,  covers  the  costal  cartilages,  the  inner  surface  of  the  ribs  and 
Intercostal  muscles,  and  at  the  back  part  of  the  thorax  passes  over  the  thoracic 
ganglia  and  their  branches,  and  is  reflected  upon  the  sides  of  the  bodies  of  the 
vertebrae,  where  it  is  separated  by  a  narrow  interval,  the  posterior  mediastinum^ 
from  the  opposite  pleura.  From  the  vertebral  column  the  pleura  passes  to  the  side 
of  the  pericardium,  which  it  covers  to  a  slight  extent ;  it  then  covers  the  back  part 
of  the  root  of  the  lung,  from  the  lower  border  of  which  a  triangular  fold  descends 
vertically  by  the  side  of  the  posterior  mediastinum  to  the  Diaphragm.  This  fold 
is  the  broad  ligament  of  the  lung,  the  ligamentum  latum  pulmonis^  and  serves  to 
retain  the  lower  part  of  that  organ  in  position.  From  the  root  the  pleura  may  be 
traced  over  the  convex  surface  of  the  lung,  the  summit  and  base,  and  also  over  the 
sides  of  the  fissures  between  the  lobes  on  to  its  anterior  surface  and  the  front  part 
of  its  root ;  from  this  it  is  reflected  upon  the  side  of  the  pericardium  to  the  inner 
surface  of  the  sternum.  Below^  it  covers  the  upper  surface  of  the  Diaphragm,  and 
extends  in  front  as  low  as  the  costal  cartilage  of  the  seventh  rib ;  at  the  side  of  the 
chest,  as  low  as  the  tenth  rib  on  the  left  side  and  the  ninth  on  the  right  side ;  and 
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behind,  it  reaches  as  low  as  the  twelfth  rib,  and  sometimes  evea  beyond  it,  as  low 
as  the  transverse  process  of  the  first  lumbar  vertebra.  Above,  ils  apex  projecls,  in 
the  form  of  a  cul-de-sac,  through  the  superior  opening  of  the  thorax  into  the  neck, 
extending  from  one  to  two  inches  above  the  margin  of  tha  first  rib,  and  receives 
the  summit  of  the  corresponding  lung ;  this  sac  is  strengthened,  according  to  Dr. 
Sibson,  by  a  dome-like  expansion  of  fascia,  attached  in  front  to  the  posterior  borJer 
of  the  first  rib,  and  behind  to  the  anterior  border  of  the  transverse  process  of  the 


Fm.  STB.— A  tmnsverae  section  of  the  thorai,  showing  the  rclnllve  position  of  the  vlBcera  andthp  reflectionj 
of  the  oWarte. 

seventh  cervical  vertebra.  This  is  covered  and  Bireogthened  by  a  few  spreading 
muscular  fibres  derived  from  the  Scaleni  muscles. 

A  little  above  the  middle  of  the  sternum,  the  contiguous  surfaces  of  the  tno 
pleurae  are  siimetimes  in  contact  for  a  slight  extent ;  but  above  and  below  this  point 
the  interval  left  between  (hem  forms  part  of  the  mediastinum. 

The  inner  surface  of  the  pleura  is  smooth,  polished,  and  moistened  by  a 
serous  fluid;  its  outer  surface  is  intimately  adherent  to  the  surface  of  the  lung 
and  to  the  pulmonary  vessels  as  they  emerge  from  the  pericardium;  it  is  also 
adherent  to  the  upper  surface  of  the  Diaphragm  :  throughout  the  rest  of  its 
extent  it  is  somewhat  thicker,  and  mav  be  separated  from  the  adjacent  parts 
with  extreme  facility. 

The  right  pleural  sac  is  shorter,  wider,  and  reaches  higher  in  the  neck  than 
the  left. 

Vessels  and  Nerves. — The  arteries  of  the  pleura  are  derived  from  the  inter- 
costal, the  internal  mammary,  the  musculo-phrenic,  thymic,  pericardiac,  and 
bronchial.  The  veins  correspond  to  the  arteries.  The  lymphatics  are  very 
nnmerous.  The  nerves  are  derived  from  the  phrenic  and  sympathetic  (Luschka). 
Kiilliker  states  that  nerves  accompany  the  ramification  of  the  bronchial  arteries 
in  the  pleura  pulmonalis. 

Snrgical  Anatomy. — In  operations  upon  the  kidney  it  must  be  borne  in  mind  that  thr 
pleura  may  s)nietinies  extend  below  the  level  of  the  last  rib,  and  may  therefore  be  opened  in 
these  operations,  especially  when  the  last  rib  is  removed  in  order  to  give  more  room. 


TJIK   MEDIASTINUM. 


TFT!  MFPTAffTINUWi 


The  Mediastinum  is  ihc  space  let't  in  tbo  median  line  of  the  chest  by  the  non- 
approximatiou  of  the  two  pleiirfe.  It  extends  from  the  sternum  in  front  to  the 
spine  behind,  and  containa  all  the  viscera  in  the  thorax  excepting  the  lungs.  The 
mediastinum  may   be  divided   for  purposes  of   description  into  two  parts — an 
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upper  portion,  above  the  upper  level  of  the  pericardium,  vfhich  is  named  the 
Superior  mediastinum  (Struthei-s) ;  and  a  lower  portion,  below  the  upper  level  of 
the  pericardium.  This  lower  portion  is  again  subdivided  into  three — that  part 
which  containa  the  pericardium  and  its  contents,  the  miihile  meiUmtinum  :  that 
part  which  is  in  front  of  the  pericardium,  the  unti-rior  mediattinum  ;  and  that 
part  which  is  behind  the  pericardium,  the  pn^terior  mediastiimm. 
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The  superior  mediastiniim  is  that  portion  of  the  interpleural  space  which  lies 
above  the  upper  level  of  the  pericardium,  between  the  manubrium  sterni  in  front  and 
the  upper  dorsal  vertebrie  behind.  It  is  bounded  below  by  a  plane  passing  back- 
ward from  the  junction  of  the  manubrium  and  gladiolus  stemi  to  the  lower  pan 
of  the  body  of  the  fourth  dorsal  vertebra.  It  contains  the  origins  of  the  Sterno- 
hyoid and  S terno-t by roid  muscles  and  the  lower  ends  of  the  Longi  colli  muscles; 
the  transverse  portion  of  the  arch  of  the  aorta ;  the  innominate,  the  thoracic 
portion  of  the  left  carotid  and  subclavian  arteries  ;  the  upper  half  of  the  superior 
vena  cava  and  the  innominate  veins,  and  the  left  superior  intercostal  vein;  the 
pneumogaatric,  cardiac,  phrenic,  and  left  recurrent  laryngeal  nerves  ;  the  trachea, 
oesophagus,  and  thoracic  duct ;  the  remains  of  the  thymus  gland  and  lymphatics. 

The  anterior  mediastinum  is  bounded  in  front  by  the  sternum,  on  each  side  bj 
the  pleura,  and  behind  by  the  pericardium.     Owing  to  the  oblique  position  of  the 

Ltfl  /nan-      L^  Carotid      Thymta         Ftiarmooattrie 
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no.  STS.— Tniuverae  lectlon  through  tbe  upper  margin  of  the  third  doraAl  rertebra.    (Bniune.) 

heait  toward  the  left  side,  this  space  is  not  parallel  with  the  sternum,  but  directed 
obliquely  from  above  downward  and  to  the  left  of  the  median  line ;  it  is  broad 
below,  narrow  above,  very  narrow  opposite  the  first  segment  of  the  gladiolus  of  the 
sternum,  tbe  contiguous  surfaces  of  the  two  pleurae  being  occasionally  united  over  a 
small  space  The  anterior  mediastinum  contains  the  origins  of  the  Triangularis 
sterni  muscles,  and  a  i|uantity  of  loose  areolar  tissue  in  which  some  lymphatic 
vessels  are  found  ascending  from  the  convex  surface  of  the  liver,  and  two  or  three 
lymphatic  glands  (anterior  mediastinal  glands). 

Tbe  middle  mediastinum  is  the  broadest  part  of  the  interpleural  space.  It 
contains  the  heart  enclosed  in  the  pericardium,  the  ascending  aorta,  the  lower 
half  of  the  superior  vena  cava,  with  the  vena  azygos  major  opening  into  it,  the 
bifurcation  of  tbe  trachea  and  the  two  bronchi,  the  pulmonary  artery  dividing  ini" 
its  two  branches  and  tbe  right  and  left  pulmonary  veins,  tbe  phrenic  nerves,  and 
some  bronchial  lymphatic  glands. 

The  posterior  mediastlutmi  is  an  irregular  triangular  space  running  parallel 
with  the  vertebral  column ;  it  is  bounded  in  front  by  the  pericardium  and  roots  "f 
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the  lungs,  behind  by  the  vertebral  column  from  the  lower  border  of  the  fourth 
dorsal  vertebra,  and  on  either  side  by  the  pleura.  It  contains  the  descend- 
ing thoracic  aorta,  the  greater  and  lesser  azygos  veins,  the  pneumogaetric  and 
splanchnic  nerves,  the  oesophagus,  thoracic  duct,  and  some  lymphatic  glands. 

THE   LTTNOS. 

The  Limgs  are  the  essential  organs  of  respiration  ;  they  are  two  in  number, 
placed  one  on  each  side  of  the  chest,  separated  from  each  other  by  the  heart  and 
other  contents  of  the  mediastinum.  Each  lung  is  conical  in  shape,  and  presents 
for  examination  an  apex,  a  baae,  tvo  borders,  and  two  surfaces  (Fig.  579). 


Fia.  &T9.— Front  view  ofthe  beart  and  lunga. 

The  apex  forms  a  tapering  cone  which  extends  into  the  root  of  the  neck  about 
an  inch  to  an  inch  and  a  half  above  the  level  ofthe  6rst  rib. 

The  base  ia  broad,  concave,  and  rests  upon  the  convex  surface  of  the  Dia- 
phragm;  its  circumference  is  thin,  and  fits  into  the  space  between  the  lower  ribs 
and  the  costal  attachment  of  the  Diaphragm,  extending  lower  down  externally 
and  behind  than  in  front. 

The  external  or  thoracic  svrfaee  is  smooth,  convex,  of  considerable  extent, 
and  corresponds  to  the  form  of  the  cavity  of  the  chest,  being  deeper  behind  than 
in  front. 

The  inner  surface  ia  concave.  It  presents  in  front  a  depression  corresponding 
to  the  convex  surface  of  the  pericardium,  and  behind  a  deep  fissure  (the  hilum 
pulmonis)  which  gives  attachment  to  the  root  of  the  lung. 

The  posterior  border  is  rounded  and  broad,  and  is  received  into  the  deep  con- 
cavity on  either  side  of  the  spinal  column.  It  is  much  longer  than  the  anterior 
border,  and  projects  below  between  the  ribs  and  the  Diaphragm. 
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The  anterior  border  is  thin  and  sharp,  and  overlaps  the  front  of  the  peri- 
cardium. 

Each  lung  is  divided  into  two  lobes,  an  upper  and  lower,  by  a  long  and  deep 
fissure  which  extends  from  the  upper  part  of  the  posterior  border  of  the  organ, 
about  three  inches  from  its  apex,  downward  and  forward  to  the  lower  part  of  its 
anterior  border.  This  fissure  penetrates  nearly  to  the  root.  In  the  right  lung 
the  upper  lobe  is  partially  subdivided  by  a  second  and  shorter  fissure  which  extends 
from  the  middle  of  the  preceding,  forward  and  upward,  to  the  anterior  margin  of 
the  organ,  marking  off  a  small  triangular  portion,  the  middle  lobe. 

The  right  lung  is  the  larger  and  heavier ;  it  is  broader  than  the  left,  owing  to 
the  inclination  of  the  heart  to  the  left  side  ;  it  is  also  shorter  by  an  inch,  in  conse- 
quence of  the  Diaphragm  rising  higher  on  the  right  side  to  accommodate  the  liver. 

The  Root  of  the  Lungs. — A  little  above  the  middle  of  the  inner  surface  of  each 
lung,  and  nearer  its  posterior  than  its  anterior  border,  is  its  root,  by  which  the 
lung  is  connected  to  the  heart  and  the  trachea.  The  root  is  formed  by  the  bronchial 
tube,  the  pulmonary  artery,  the  pulmonary  veins,  the  bronchial  arteries  and  veins, 
the  pulmonary  plexus  of  nerves,  lymphatics,  bronchial  glands,  and  areolar  tissue,  all 
of  which  are  enclosed  by  a  reflection  of  the  pleura.  The  root  of  the  right  lung  lies 
behind  the  superior  vena  cava  and  ascending  portion  of  the  aorta  and  below  the 
vena  azygos  major.  That  of  the  left  lung  passes  beneath  the  arch  of  the  aorta  and 
in  front  of  the  descending  aorta ;  the  phrenic  nerve  and  the  anterior  pulmonary 
plexus  lie  in  front  of  each,  and  the  pneumogastric  and  posterior  pulmonary"  plexus 
behind  each. 

The  chief  structures  composing  the  root  of  each  lung  are  arranged  in  a  similar 
manner  from  before  backward  on  both  sides — viz.  the  pulmonary  veins  most 
anterior ;  the  pulmonary  artery  in  the  middle ;  and  the  bronchus,  together  with 
the  bronchial  vessels,  behind.  From  above  downward,  on  the  two  sides,  their 
arrangement  differs,  thus: 

On  the  right  side  their  position  is — bronchus,  pulmonary  artery,  pulmonary 
veins ;  but  on  the  left  side  their  position  is — pulmonary  artery,  bronchus,  pul- 
monary veins;  this  is  accounted  for  by  the  bronchus  being  placed  on  a  lower  level 
on  the  left  than  on  the  right  side,  in  order  that  it  may  pass  under  the  arch  of  the 
aorta. 

The  weight  of  both  lungs  together  is  about  forty-two  ounces,  the  right  lung 
being  two  ounces  heavier  than  the  left ;  but  much  variation  is  met  with  according 
to  the  amount  of  blood  or  serous  fluid  they  may  contain.  The  lungs  are  heavier 
in  the  male  than  in  the  female,  their  proportion  to  the  body  being  in  the  former 
as  1  to  37,  in  the  latter  as  1  to  43.  The  specific  gravity  of  the  lung-tissue  varies 
from  0.345  to  0.746,  water  being  1000. 

The  color  of  the  lungs  at  birth  is  a  pinkish-white;  in  adult  life  a  dark 
slate-color,  mottled  in  patches;  and  as  age  advances  this  mottling  assumes  a 
black  color.  The  coloring  matter  consists  of  granules  of  a  carbonaceous  substance 
deposited  in  the  areolar  tissue  near  the  surface  of  the  organ.  It  increases  in 
quantity  as  age  advances,  and  is  more  abundant  in  males  than  in  females.  The 
posterior  border  of  the  lung  is  usually  darker  than  the  anterior. 

The  surface  of  the  lung  is  smooth,  shining,  and  marked  out  into  numerous 
polyhedral  spaces,  indicating  the  lobules  of  the  organ ;  the  area  of  each  of  these 
spaces  is  crossed  by  numerous  lighter  lines. 

The  substance  of  the  lung  is  of  a  light,  porous,  spongy  texture ;  it  floats  in 
water  and  crepitates  when  handled,  owing  to  the  presence  of  air  in  the  tissue ;  it 
is  also  highly  elastic ;  hence  the  collapsed  state  of  these  organs  when  they  are 
removed  from  the  closed  cavity  of  the  thorax. 

Structure. — The  lungs  are  composed  of  an  external  serous  coat,  a  subserous 
areolar  tissue,  and  the  pulmonary  substance  or  parenchyma. 

The  serous  coat  is  derived  from  the  pleura ;  it  is  thin,  transparent,  and  invests 
the  entire  organ  as  far  as  the  root. 

The  subserous  areolar  tissue  contains  a  large  proportion  of  elastic  fibres; 
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it  invests  the  entire  surface  of  the  lung,  and  extends  inward  between  the 
lobules. 

The  parenchyma  is  composed  of  lobules  which,  although  closely  connected 
together  by  an  interlobular  areolar  tissue,  are  quite  distinct  from  one  another, 
and  may  be  teased  asunder  without  much  difficulty  in  the  foetus.  The  lobules 
vary  in  size :  those  on  the  surface  are  large,  of  pyramidal  form,  the  base  turned 
toward  the  surface ;  those  in  the  interior  smaller  and  of  various  forms.  Each 
lobule  is  composed  of  one  of  the  ramifications  of  a  bronchial  tube  and  its  ter- 
minal air-cells,  and  of  the  ramifications  of  the  pulmonary  and  bronchial  vessels, 
lymphatics,  and  nerves,  all  of  these  structures  being  connected  together  by  areolar 
tissue. 

The  bronchus^  upon  entering  the  substance  of  the  lung,  divides  and  subdivides 
dichotomously  throughout  the  entire  organ.  Sometimes  three  branches  arise 
together,  and  occasionally  small  lateral  branches  are  given  off  from  the  sides  of  a 
main  trunk.  Each  of  the  smaller  subdivisions  of  the  bronchi  enters  a  pulmonary 
lobule,  and  is  termed  a  lobular  bronchial  tube.  Its  wall  now  begins  to  present 
irregular  dilatations,  at  first  sparingly  and  on  one  side  of  the  tube  only,  but  as  it 
proceeds  onward  these  dilatations  become  more  numerous  and  surround  the  tube 
on  all  sides,  so  that  it  loses  its  cylindrical  character,  and,  becoming  enlarged, 
terminates* in  a  sacculated  alveolar  passage  beset  in  all  directions,  both  laterally 
and  terminally,  by  caBcal  pouches  or  air-celh.  The  enlarged  terminations — that 
is,  the  alveolar  passages  from  which  the  caecal  pouches  or  air-cells  spring — are 
termed  infundibula.  Within  the  lungs  the  bronchial  tubes  are  circular,  not  flat- 
tened, and  present  certain  peculiarities  of  structure. 

Changes  in  the  Structure  of  the  Bronchi  in  the  Lungs. — 1.  In  the  Lobes  of  the 
Lungs. — In  the  lobes  of  the  lungs  the  following  changes  take  place :  The  carti- 
lages are  imperfect  rings,  but  consist  of  thin  laminae,  of  varied  fonn  and  size, 
scattered  irregularly  along  the  sides  of  the  tube,  being  most  distinct  at  the  points 
of  division  of  the  bronchi.  They  may  be  traced  into  tubes  the  diameter  of  which 
is  only  one-fourth  of  a  line.  Beyond  this  point  the  tubes  are  wholly  membranous. 
The  fibrous  coat  and  the  longitudinal  elastic  fibres  are  continued  into  the  smallest 
ramifications  of  the  bronchi.  The  muscular  coat  is  disposed  in  the  form  of  a 
continuous  layer  of  annular  fibres,  which  may  be  traced  upon  the  smallest 
bronchial  tubes,  and  consists  of  the  unstriped  variety  of  muscular  tissue.  The 
mucous  membrane  lines  the  bronchi  and  its  ramifications  throughout,  and  is 
covered  with  columnar  ciliated  epithelium. 

2.  In  the  Lobules  of  the  Lung, — In  the  lobular  bronchial  tubes  and  in  the 
infundibula  the  following  changes  take  place:  The  muscular  tissue  begins  to 
disappear,  so  that  in  the  infundibula  there  is  scarcely  a  trace  of  it.  The 
longitudinal  elastic  fibres  begin  to  break  up,  so  that  in  the  infundibula  they 
form  an  interlacement  around  the  mouths  of  the  air-cells  which  spring  from 
it.  The  epithelium  becomes  non-ciliated  and  flattened.  This  occurs  gradually  ; 
thus,  in  the  lobular  bronchial  tubes  patches  of  non-ciliated  flattened  epithelium 
may  be  found  scattered  amongst  the  columnar  ciliated  epithelium  ;  then  these 
patches  of  non-ciliated  flattened  epithelium  become  more  and  more  numerous, 
until  in  the  infundibula  and  air-cells  all  the  epithelium  is  of  the  non-ciliated 
pavement  variety.  In  addition  to  these  flattened  cells,  there  are  small  polyg- 
onal granular  cells  in  the  air-sacs,  in  clusters  of  two  or  three,  between  the 
others. 

The  air-cells  are  small,  polyhedral,  alveolar  recesses  composed  of  a  fibrillated 
connective  tissue  and  surrounded  by  a  few  involuntary  muscular  and  elastic  fibres. 
In  their  walls  are  granular,  rounded,  amoeboid  cells  often  containing  carbonaceous 
particles.  The  air-cells  are  well  seen  on  the  surface  of  the  lung,  and  vary  from 
^-J^th  to  T^th  of  an  inch  in  diameter,  being  largest  on  the  surface  at  the  thin 
borders  and  at  the  apex,  and  smallest  in  the  interior. 

The  pulmonary  artery  conveys  the  venous  blood  to  the  lungs ;  it  divides  into 
branches  which  accompany  the  bronchial  tubes,  and  terminates  in  a  dense  capillary 
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network  upon  the  walls  of  the  intercellular  passages  and  air-cells.  In  the  lung 
the  branches  of  the  pulmonary  artery  are  usually  above  and  in  front  of  a  bronchial 
tube,  the  vein  below. 

The  pulmonary  capillaries  form  plexuses  Avhich  lie  immediately  beneath  the 
mucous  membrane  in  the  walls  and  septa  of  the  air-cells  and  of  the  infundibula. 
In  the  septa  between  the  air-cells  the  capillary  network  forms  a  single  layer.  The 
capillaries  form  a  very  minute  network,  the  meshes  of  which  are  smaller  than 
the  vessels  themselves  ;^  their  walls  are  also  exceedingly  thin.  The  vessels  of 
neighboring  lobules  are  distinct  from  each  other,  and  do  not  anastomose;  and, 
according  to  Dr.  Waters,*  those  of  the  separate  groups  of  infundibula  with  their 
air-cells  (which  groups  he  denominates  lobulettes)  are  also  independent,  so  that 
in  the  septa  between  two  adjoining  lobulettes  there  would  be  a  double  layer  of 
capillaries,  one  layer  belonging  to  each  of  the  adjacent  infundibula  with  their  air- 
cells.  If  this  is  really  the  arrangement  of  the  vessels,  it  would  follow  that,  in  the 
septa  between  the  air-cells,  the  blood  in  the  capillaries  would  be  exposed  on  all 
sides  to  the  action  of  the  air,  since  it  is  circulating  in  a  single  layer  of  vessels 
which  is  in  contact  with  the  membrane  of  the  air-cells  on  both  sides ;  but  that, 
in  the  septa  between  the  neighboring  infundibula,  with  their  air-cells,  the  blood 
being  in  a  double  layer  of  capillaries,  it  will  be  in  contact  with  the  air  on  one  side 
only. 

The  pulmonary  veins  commence  in  the  pulmonary  capillaries,  the  radicles 
coalescing  into  larger  branches,  which  accompany  the  arteries  and  return  the 
oxygenated  blood  to  the  left  auricle  of  the  heart. 

The  bronchial  arteries  supply  blood  for  the  nutrition  of  the  lung :  they  are 
derived  from  the  thoracic  aorta,  and,  accompanying  the  bronchial  tubes,  are 
distributed  to  the  bronchial  glands  and  upon  the  walls  of  the  larger  bronchial 
tubes  and  pulmonary  vessels.  Those  supplying  the  bronchial  tubes  form  a 
capillary  plexus  in  the  muscular  coat,  from  which  branches  are  given  off  to 
form  a  second  plexus  in  the  mucous  coat.  This  plexus  communicates  with 
branches  of  the  pulmonary  artery  and  empties  itself  into  the  pulmonary  vein. 
Others  are  distributed  in  the  interlobular  areolar  tissue,  and  terminate  partly 
in  the  deep,  partly  in  the  superficial,  bronchial  veins.  Lastly,  some  ramify 
upon  the  surface  of  the  lung  beneath  the  pleura,  where  they  form  a  capillary 
network. 

The  bronchial  vein  is  formed  at  the  root  of  the  lung,  receiving  superficial  and 
deep  veins  corresponding  to  branches  of  the  bronchial  artery.  It  does  not,  however, 
receive  all  the  blood  supplied  by  the  artery,  as  some  of  it  passes  into  the  pulmonary 
vein.  It  terminates  on  the  right  side  in  the  vena  azygos  major,  and  on  the  left 
side  in  the  superior  intercostal   vein. 

The  lymphatics  consist  of  a  superficial  and  deep  set :  they  terminate  at  the 
root  of  the  lung,  in  the  bronchial  glands. 

Nerves. — The  luiigs  are  supplied  from  the  anterior  and  posterior  pulmonary 
plexuses,  formed  chiefly  by  branches  from  the  sympathetic  and  pneumogastric. 
The  filaments  from  these  plexuses  accompany  the  bronchial  tubes,  upon  which 
they  are  lost.     Small  ganglia  are  found  upon  these  nerves. 

Surface  Form.— The  anex  of  the  lung  is  situated  in  the  neck,  behind  the  interval  between 
the  two  heads  of  origin  of  trie  Sterno-mastoid.  The  height  to  which  it  rises  above  the  clavicle 
varies  ver>'  considerably,  but  is  generally  about  one  inch.  It  may,  however,  extend  as  much  as 
an  inch  and  a  half  or  an  inch  and  three-quarters,  or,  on  the  other  hand,  it  may  scarcely  project 
above  the  level  of  this  bone.  In  order  to  mark  out  the  anterior  margin  of  the  lung,  a  line  is 
to  be  drawn  from  the  apex-point,  one  inch  above  the  level  of  the  clavicle,  and  rather  nearer  the 
posterior  than  the  anterior  border  of  the  Stemo-niastoid  muscle,  downward  and  inward  across 
the  sterno- clavicular  articulation  and  first  piece  of  the  sternum  until  it  meets,  or  almost  meets, 
its  fellow  of  the  other  side  opposite  the  articulation  of  the  manubrium  and  gladiolus.  From  this 
point  the  two  lines  are  to  be  drawn  downward,  one  on  either  side  of  the  mesial  line  and  close  to 


^  The  meshes  are  only  0.002^^^  to  0.008'^'  in  width,  while  the  vessels  are  0.003''''  to  0.005 
(Kolliker,  Human  Microscopic  Anatomy). 
*  Med.'Chir.  Trans.j  vol.  xxviii.,  1845. 
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F:e.  £18(1.— Till:  coots  uf  Ihi;  luiifs  miil  puswrior  pulmuimtj'  iikxus,  sueii  truui  boliluci. 
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it,  as  far  as  the  level  of  the  articulation  of  the  fourth  costal  cartilages  to  the  sternum.  From 
here  the  two  lines  diverge ;  the  left  is  to  be  drawn  at  first  pa&sing  outwanl  with  a  slight  inclina- 
tion downward,  and  then  taking  a  bend  downward  with  a  slight  inclination  outward  to  the  apex 
of  the  heart,  and  thence  Ui  the  sixth  costo-chondral  articulation.  The  direction  of  the  anterior 
border  of  this  par(  of  the  left  lung  is  denoted  with  sufficient  accuracy  by  a  curved  line  with  its 
convexity  directed  upward  and  outward  from  the  articulation  of  the  fourth  right  costal  cartilage 
of  the  sternum  to  the  fifth  intercostal  space,  an  inch  and  a  half  below  and  three-quarters  of  an 
inch  internal  to  the  left  nipple.  The  continuation  of  the  anterior  border  of  the  right  lung  is 
marked  bv  a  prolongation  of  its  line  from  the  level  of  the  fourth  costal  cartilages  verti(^ly 
downward  as  tar  as  the  sixth,  when  it  slopes  off  along  the  line  of  the  sixth  costal  cartilage  to  its 
articulation  with  the  rib. 

The  lower  border  of  the  lung  is  marked  out  by  a  slightly  curved  line  with  its  convexity  down- 
ward from  the  articulation  of  the  sixth  costal  cartilage  to  its  rib  to  the  spinous  process  of  the 
tenth  dorsal  vertebra.  If  vertical  lines  are  drawn  downward  from  the  nipple,  the  mid-axillary 
line,  and  the  apex  of  the  scapula,  while  the  arms  are  raised  from  the  sides,  they  should  intersect 
this  convex  line,  the  first  at  the  sixth,  the  second  at  the  eighth,  and  the  third  at  the  tenth  rib. 
It  will  thus  be  seen  that  the  pleura  (see  page  997)  extends  farther  down  than  the  lung,  so  that 
it  mav  be  vyounded,  and  a  wound  pass  through  its  cavity  into  the  Diaphragm,  and  even  injure 
the  abdominal  viscera,  without  the  lung  being  involved. 

The  posterior  border  of  the  lung  is  indicated  by  a  line  drawn  fix)m  the  level  of  the  spinous 
process  of  the  seventh  cervical  vertebra,  down  either  side  of  the  spine,  corresponding  to  the 
cost o- vertebral  joints  as  low  as  the  spinous  process  of  the  tenth  dorsal  vertebra.  The  trachea 
bifurcates  opposite  the  spinous  process  of  the  fourth  dorsal  vertebra,  and  from  this  point  the  two 
bronchi  are  directed  outward,  the  right  one  almost  horizontally,  the  left  with  a  considerable 
inclination  downward. 

The  position  of  the  great  fissure  in  the  right  lung  may  be  indicated  by  a  line  drawn  from 
the  fourth  dorsal  vertebra  round  the  side  of  the  chest  to  the  anterior  margin  of  the  lun,ij  opposite 
the  seventh  rib,  and  the  smaller  or  secondary  fissure  by  a  line  drawn  fix)m  the  preceding  where 
it  bisects  the  luid-axillary  line  to  the  junction  of  the  fourth  costal  cartilage  to  the  sternum.  The 
great  fissure  in  the  left  lung  is  a  little  higher,  extending  from  the  third  aorsal  vertebra  round  the 
side  of  the  chest  to  reach  the  anterior  margin  of  the  lune  opposite  the  sixth  costal  cartilage. 

Surgical  Anatomy. — The  lungs  may  be  wounded  or  torn  in  three  waj's:  (1)  By  compres- 
sion of  the  chest,  without  any  iryury  to  the  ribs.  (2)  By  a  fractured  rib  penetrating  the  lung. 
(3)  By  stabs,  gunshot  wounds,  etc. 

The  first  form,  where  the  lung  is  niptured  by  external  compression  without  any  fracture  of 
the  ribs,  is  very  rare,  and  usually  occurs  in  young  children,  and  affects  the  root  of  the  lung— l  e. 
the  most  fixed  part — and  thus,  implicating  the  great  vessels,  is  frecjuently  fatal.  It  would  seem 
h  priori  a  most  unusual  injury,  and  its  exact  mode  of  causation  is  difficult  to  interpret.  The  prob- 
able explanation  is  that  immediately  before  the  compression  is  applied  a  deep  inspiration  is  taken 
and  the  lungs  are  fully  inflated ;  owing  then  to  spasm  of  the  glottis  at  the  moment  of  compres- 
sion, the  air  is  unable  to  escape  from  the  lung,  which  is  not  able  to  recede,  and  consequently 
gives  way. 

In  the  .second  variety,  when  the  wound  in  the  lung  is  produced  by  the  penetration  of 
a  broken  rib,  b()th  the  pleura  costalis  and  pulmonalis  must  necessarily  be  injured,  and 
consequently  the  air  taken  into  the  wounded  air-cells  may  find  its  way  through  these  wounds 
into  the  cellular  tissue  of  the  parietes  of  the  chest.  This  it  may  do  without  collecting  in  the 
pleural  cavity ;  the  two  layers  of  the  pleura  are  so  intimately  in  contact  that  the  air  passes  straight 
through  from  the  wounded  lung  into  the  subcutaneous  tissue.  Emphysema  constitutes  therefore 
the  most  important  sign  of  injury  to  the  lung  in  cases  of  fracture  of  the  ribs.  Pneumothorax, 
or  air  in  the  pleural  cavitv',  is  much  .more  likely  to  occur  in  injuries  to  the  lung  of  the  third 
variety ;  that  is  to  say,  trom  external  wounds,  from  stabs,  gunshot  injuries,  and  such  like,  in 
which  cases  air  passes  either  from  the  wound  of  the  lung  or  from  the  external  wound  into  the 
cavity  of  the  pleura  during  the  respiratory  movements.  In  these  cases  there  is  generally  no 
emphysema  of  the  sulx'utaneous  tissue  unless  the  external  wound  is  small  and  valvular,  so  that 
the  air  is  drawn  into  the  wound  during  inspiration,  and  then  forced  into  the  cellular  tissue  around 
during  expiration  because  it  cannot  escape  from  the  external  wound.  Occasionally  in  wounds  of 
the  parietes  of  the  chest  no  air  finds  its  way  into  the  cavity  of  the  pleura,  because  the  lung  at 
the  time  of  the  accident  protrudes  through  the  wound  and  blocks  the  opening.  This  occur 
where  the  wound  is  large,  and  constitutes  one  form  of  hernm  of  the  lung.  Another  form  of 
hernia  of  the  lung  occurs,  though  very  rarely,  after  wounds  of  the  chest -wall,  when  the  wound 
has  healed  and  the  cicatrix  subseijuently  yields  from  the  pressure  of  the  viscus  behind.  It  forms 
a  globular,  elastic,  crepitating  swelling,  which  enlarges  during  expiratory  efforts,  falls  in  during 
inspiration,  and  disappears  on  holding  the  breath. 

THE  TH7B0ID  QLAND. 

The  thyroid  gland  bears  much  resemblance  in  structure  to  other  glandular 
organs,  and  was  formerly  classified,  together  with  the  thymus,  suprarenal  capsules, 
and  si)leen,  under  the  head  of  ductless  (/lands,  since  when  fully  developed  it  has 
no  excretory  duct.     From  its  situation  in  connection  with  the  trachea  and  larynx, 
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tbe  thyroid  body  is  usually  described  with  those  organs,  although  it  takes  no  part 
in  the  function  of  respiration.     It  is  situated  at  the  upper  part  of  the  trachea,  and 
consists  of  two  lateral  lobes  placed  one  on  each 
side  nf  that  tube  and  connected  together  by  a 
narrow  transverse  portion,  tbe  Uthmu». 

Its  anterior  surface  is  convex,  and  covered 
by  the  Sterno-byoid,  Sterno- thyroid,  and  Omo- 
hyoid muscles. 

Its  lateral  Burfaces,  also  convex,  lie  in  con- 
tact with  the  sheath  of  tbe  common  carotid 
artery. 

Its  posterior  surface  is  concave,  and  embraces 
the  trachea  and  larynx.  The  posterior  borders 
of  the  gland  extend  as  far  back  as  the  lower 
part  of  the  pharynx,  and  on  the  left  side  to  the 
oesophagus. 

Tbe  thyroid  varies  in  weight  from  one  to 
two  ounces.  It  is  larger  in  females  than  in 
males,  and  becomes  slightly  increased  in  size 

during  menstruation.  Each  lobe  is  somewhat  of  nn^lXr'^rsmS'^g&la^veS'; 
conical  in  shape,  about  two  inches  in  length,  ^^'J^t^fitw  meumor^h^i^'lISore'StraSjSS'" 
and  three-quarters  of  an  inch  to  an  inch  and  a   marked  «  c.  <i.  coBcte  ly'mpii -canals,    e. 

,         ■    ^,  ,..        .,  ■    ij.    1    1        1     ■  1         Fine  radiclsa  of  Ihe  Bsnie.    /,  An  efferent 

quarter  in   breadth,   the  right  lobe  being  the   vesaei  of  considerable  sto. 
lai-ger  of  the  two. 

The  iVAn)»8  connects  ibe  lower  third  of  the  two  lateral  lobes;  it  measures 
about  half  an  inch  in  breadth  and  the  same  in  depth,  and  usually  covers  the  second 
and  third  rings,  of  the  trachea.  Its  situation  presents,  however,  many  variations — 
a  point  of  importance  in  the  operation  of  tracheotomy.  Sometimes  the  isthmus 
is  altogether  wanting. 

A  third  lobe,  of  conical  shape,  called  the  pyramid,  occasionally  arises  from  the 
upper  part  of  the  isthmus  or  from  tbe  adjacent  portion  of  either  lobe,  but  most 
commonly  the  left,  and  ascends  as  high  as  the  byoid  bone.  It  is  occasionally  quite 
detached,  or  divided  into  two  parts,  or  altogether  wanting. 

A  few  muscular  band.s  are  occasionally  found  attached  above  to  the  body  of 
the  byoid  bone,  and  below  to  the  isthmus  of  the  gland  or  ils  pyramidal  process. 
These  form  a  muscle  which  was  named  by  Sbmmerring  the  Lnator  glandular 
thyroidece. 

Stoncture. — The  thyroid  body  is  invested  by  a  thin  capsule  of  connective  tissue 
which  projects  into  its  substance  and  imperfectly  divides  it  into  masses  of  irregular 
form  and  size.  When  the  organ  is  cut  into,  it  is  of  a  brownish-red  color,  and  is 
seen  to  be  made  up  of  a  number  of  closed  ve-sicles  containing  a  yellow  glairy  fluid 
and  separated  from  each  other  by  intermediate  connective  tissue. 

According  to  Dr.  Baber,  who  baa  recently  published  some  important  observa- 
tions on  tbe  minute  structure  of  the  thyroid,'  tbe  vesicles  of  the  thyroid  of  the 
adult  animal  are  generally  closed  cavities ;  but  in  some  young  animals  {e.  g.  young 
dogs)  tbe  vesicles  are  more  or  less  tubular  and  branched.  This  appearance  he 
supposes  to  be  due  to  tbe  mode  of  growth  of  the  gland,  and  merely  indicating  that 
an  increase  in  the  number  of  vesicles  is  taking  place.  Each  vesicle  is  lined  by  a 
single  layer  of  epithelium,  the  cells  of  which,  though  differing  somewhat  in  shape 
in  different  animals,  have  always  a  tendency  to  assume  a  columnar  form.  Between 
the  epithelial  cells  exists  a  delicate  reticulum.  Tbe  vesicles  are  of  various  sizes 
and  shapes,  and  contain  as  a  normal  product  a  viscid,  homogeneous,  semi-fluid, 
slightly  yellowish  material  which  frequently  contains  blood,  the  red  corpuscles 
of  which  are  found  in  it  in  various  stages  of  disintegration  and  decolorization,  the 
yellow  tinge  being  probably  due  to  tbe  bscraoglobin,  which  is  thus  set  free  from 
the  colored  corpuscles.     Baher  has  also  described  in  tbe  thyroid  gland  of  tbe 

'  "  Researchi»  on  the  Minute  Structure  of  ihe  Th.yroid  Gl»nd,"  PhiL  TSaw.,  part  iii.,  1881. 
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dog  large  round  cells  ("  parenchymatous  cells  "),  each  provided  with  a  single  oval- 
shaped  nucleus,  which  migrate  into  the  interior  of  the  gland- vesicles. 

The  capillary  blood-vessels  form  a  dense  plexus  in  the  connective  tissue  around 
the  vesicles,  between  the  epithelium  of  the  vesicles  and  the  endothelium  of  tb« 
lymph-spaces,  which  latter  surround  a  greater  or  smaller  part  of  the  circumference 
of  the  vesicle.  These  lymph-spaces  empty  themselves  into  lymphatic  vessels 
which  run  in  the  interlobular  connective  tissue,  not  uncommonly  surrounding  the 
arteries  which  they  accompany,  and  communicate  with  a  network  in  the  capsule 
of  the  gland.  Baber  has  found  in  the  lymphatics  of  the  thyroid  a  viscid  mate- 
rial which  is  morphologically  identical  with  the  normal  constituent  of  the  vesicle. 

VesBelfl  and  Nerves. — The  arteries  supplying  the  thyroid  are  the  superior  and 
inferior  thyroid,  and  sometimes  an  additional  branch  (thyroidea  media  or  ima) 


Fro.  &83.— Minnie  Btruetnrc  of  (liyroM.  Fioni  a  (ranevene  section  of  Ihe  Ihrrold  of  a  dog.  (SeaiMlifmni- 
mallc.)    (Baber.) 

from  the  innominate  artery  or  the  arch  of  the  aorta,  which  ascends  upon  the 
front  of  the  trachea.  The  arteries  are  remarkable  for  their  large  size  and  frequent 
anastomoses.  The  veins  form  a  plexus  on  the  surface  of  the  gland  and  on  ibe 
front  of  the  trachea,  from  which  arise  the  superior,  middle,  and  inferior  thyroid 
veins,  the  two  former  terminating  in  the  internal  jugular,  the  latter  in  the  innom- 
inate vein.  The  Itfmpkatics  are  numerous,  of  large  size,  and  terminate  in  the 
thoracic  and  right  lymphatic  ducts.  The  nen^e*  are  derived  from  the  middle  and 
inferior  cervical  ganglia  of  the  sympathetic. 

Surgical  Anatomr-— The  tlij-roid  gland  is  subject  to  enlargement,  which  is  called  goitre. 
This  may  be  duo  to  hyjiertrophy  of  any  of  the  constituents  of  the  gland.  The  eimptffli 
(parencliyraaious  goitre)  la  due  to  an  enlargement  of  the  follicles.  Thejihroid  is  due  to  increase 
of  the  interstitial  conntHrtive  tissue.  The  ei/xlie  is  that  form  in  which  one  or  more  large  cpK 
are  formed  from  dilatation  and  ixMwibly  coalescence  of  adjacent  follicles.  The  piJtatiiif/  ijoilre  is 
where  the  vascular  changes  preJotuinnte  over  the  parenchymatous,  and  the  vessels  of  ih^ 
^land  are  especially  enlarged.  Finally,  (here  is  Kro/mthalmic  joiVr^  (Omves's  diseasel,  ffhcre 
there  is  great  vaaculurity  and  otlen  pulsation,  accompanied  by  exophthalmos,  palpitation,  and 
rapidputse. 

For  the  relief  of  the^  growths  various  operations  have  been  resorted  to,  such  as  bjeotion 
of  tincture  of  iodine  or  perchloride  of  iron,  especially  applicable  to  the  cystic  form  of  the  disease. 
ligature  of  the  thyroid  arteries,  excision  of  the  islhuus,  and  extirpation  of  ihe  whole  or  a  part 
of  the  gland.  This  ktter  operation  is  one  of  diflicult.y,  and  when  the  entire  gland  has  been 
reinovra  the  operation  has  been  followed  by  a  condition  resembling  myxredema.  In  remOTiDg 
the  organ  great  care  must  be  taken  to  avoid  tearing  the  capsule,  as  if  this  happens  the  glaad- 
tis.sue  bleeds  profusclv.  The  thjroid  arteries  should  be  ligatured  before  an  attempt  is  mode  to 
remove  the  mass,  and  in  ligaturing  the  inferior  tbjToids  the  position  of  the  recurrent  larvnjieal 
ner\'e  must  be  borne  in  mind,  so  as  not  to  include  it  in  the  ligature. 
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THE  THTHUS  QLAND. 

The  thymns  gland  presents  much  resemblance  in  structure  to  uther  glandular 
organs,  and  is  another  of  the  organs  which  used  formerly  to  be  denominated 
duct /egg  jflandi. 

The  thymus  gland  is  a  temporary  organ,  attaining  its  full  size  at  the  end  of  the 
sec  )nd  year,  when  it  ceases  to  grow,  and  gradually  dwindles,  until  at  puberty  it 
has  almost  disappeared.  If  examined  when  its  growth  is  most  active,  it  will  be 
found  io  consist  of  two  lateral  lobes  placed  in  close  contact  along  the  middle  line, 
situated  partly  in  the  superior  mediastinuiD.  partly  in  the  neck,  and  extending 
from  the  fourth  costal  cartilage  u|tward  as  high  as  the  lower  border  of  the 
thyroid  gland.  It  is  covered  by  the  sternum  and  by  the  origins  of  the  Sterno- 
hyoid and  Stemo-tbyroid  muscles.  Below,  it  rests  upon  the  pericardium,  being 
separated  from  the  arch  of  the  aorta  and  great  vessels  by  a  layer  of  fascia.  In 
the  neck  it  lies  on  the  front  and  sides  of  the  trachea,  behind  the  Stemo-hyoid 
and   Sterno-thyroid  muscles.     The  two  lobes  generally  differ  in  size;  they  are 
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occasionally  united  so  as  to  form  a  single  ma^s,  and  sometimes  separated  by  an 
intermediate  lobe.  The  thymus  is  of  a  pinkish-gray  color,  soft,  and  lobulaied  on  its 
surfaces.  It  is  about  two  inches  in  length,  one  and  a  half  in  breadth  below,  and 
about  three  or  four  lines  in  thickness.     At  birth  it  weighs  about  half  an  ounce. 

Stmctuie. — Each  lateral  lobe  is  composed  of  numerous  lobules  held  together 
by  delicate  areolar  tissue,  the  entire  gland  being  enclosed  in  an  investing  capsule 
of  a  similar  but  denser  structure.  The  primary  lohules  vary  in  size  from  a  pin's 
bead  to  a  small  pea,  and  are  made  up  of  a  number  of  small  nodules  or  follicles 
which  are  irregular  in  shape  and  are  more  or  less  fused  together,  especially 
to\¥ard  the  interior  of  the  gland.  According  to  Watney,  each  follicle  consists  of 
a  medullary  and  cortical  portion,  which  differ  in  many  essential  particulars  from 
each  other.  The  cortical  portion  is  mainly  composed  of  lymphoid  cells  supported 
by  a  delicate  reticulum.  In  addition  to  this  reticulum,  of  which  traces  only  are 
found  in  the  medullary  portion,  there  is  also  a  network  of  finely-branched  cells 
which  is  continuous  with  a  simitar  network  in  the  medullary  portion.  This 
network  forms  an  adventitia  to  the  blood-vessels.  In  the  medullary  portion  there 
arrt  but  few  lymphoid  cells,  but  there  are,  especially  toward  the  centre,  granular 
cells  and  concentric  corpuscles.  The  granular  cells  are  rounded  or  flask-shaped 
masses  attached  (often  by  fibrillated  extremities)  to  blood-vessels  and  to  newly- 
formed  connective  tissue.     The  concentric  corpuscles  are  composed  of  a  central 
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mass  coDsisting  of  one  or  more  granular  cells,  and  of  a  capsule  which  is  fornieil 
of  epithelioid  cells  which  are  continuous  with  the  branched  cells  forming  ibe 
network  mentioned  above. 

Each  follicle  is  surrounded  by  a  capillary  plexus  from  which  vessels  pass  inio 
the  interior  and  radiate  from  the  periphery  toward  the  centre,  and  form  a  seconil 
Konejust  within  the  margin  of  the  medullary  portion.  In  the  centre  of  the  medulla 
there  are  very  few  vessels,  and  they  are  of  minute  size. 

Dr.  Watney  has  recently  made  the  important  observation  that  haEmoglobin  is 
found  in  the  thymus  either  in  cysts  or  in  cells  situated  near  to  or  forming  pari 
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of  the  concentric  corpuscles.  This  hemoglobin  varies  from  granules  to  masses 
exactly  reaetnbling  colored  blood-corpuscles,  oval  in  the  bird,  reptile,  and  fish; 
circular  in  all  mammals  except  in  the  camel.  Dr.  Watney  has  also  discovered 
in  the  lymph  issuing  from  the  thymus  similar  cells  to  those  found  in  the  glanii. 
and,  like  them,  containing  biemoglobin  either  in  the  form  of  granules  or  masses. 
From  these  fact.s  he  arrives  at  the  physiological  conclusion  that  the  thymus  is  one 
source  of  the  coloi-ed  blood-corpuscles. 

Vessels  and  Herves. — The  arteries  supplying  the  thymus  are  derived  from 
the  internal  mammary  and  fri>m  the  superior  and  inferior  thyroid.  The  rnn» 
tenninate  in  the  left  innominate  vein  and  in  the  thyroid  veins.  The  lympha(k» 
are  of  large  size,  arise  in  the  substance  of  the  gland,  and  are  said  to  terminate  in 
the  internal  jugular  vein.  The  nerves  are  exceedingly  minute ;  they  are  derived 
from  the  pneumogastric  and  sympathetic.  Branches  from  the  descendens  hypo- 
glossi  and  phrenic  reach  the  investing  capsule,  but  do  not  penetrate  into  the  siih- 
stance  of  the  gland. 


THE  URINARY  ORGANS. 


THE   E[IDNEYS. 

THE  Kidneys,  two  in  number,  are  situated  in  the  back  part  of  the  abdomen,  and 
are  for  the  purpose  of  separating  from  the  blood  certain  materials  which, 
when  dissolved  in  a  quantity  of  water,  also  separated  from  the  blood  by  the  kid- 
neys,  constitute  the  urine. 

They  are  placed  in  the  loins,  one  on  each  side  of  the  vertebral  column,  behind 
the  peritoneum,  and  surrounded  by  a  mass  of  fat  and  loose  areolar  tissue.  Their 
upper  extremity  is  on  a  level  with  the  upper  border  of  the  twelfth  dorsal  vertebra, 
their  lower  extremity  on  a  level  with  the  third  lumbar.  The  right  kidney  is 
usually  on  a  slightly  lower  level  than  the  left,  probably  on  account  of  the  vicinity 
of  the  liver. 

The  kidneys  rest  on  the  lower  part  of  the  Diaphragm  and  the  fascia  covering 
the  Quadratus  lumborum  and  the  Psoas  magnus  muscles.  The  right  one  is  covered 
in  front  by  the  right  lobe  of  the  liver,  the  descending  portion  of  the  duodenum,  and 
the  ascending  colon ;  the  left  one  has  in  front  the  fundus  of  the  stomach,  the  tail 
of  the  pancreas,  and  the  descending  colon. 

Each  kidney  is  about  four  inches  in  length,  two  to  two  and  a  half  in  breadth, 
and  rather  more  than  one  inch  in  thickness.  The  left  is  somewhat  longer,  though 
narrower,  than  the  right.  The  weight  of  the  kidney  in  the  adult  male  varies  from 
4  J  ounces  to  6  ounces,  in  the  adult  female  from  4  ounces  to  5J  ounces.  The  com- 
bined weight  of  the  two  kidneys  in  proportion  to  the  body  is  about  1  in  240. 

The  kidney  ha«  a  characteristic  form.  It  is  flattened  on  its  sides,  and  pre- 
sent49  at  one  part  of  its  circumference  a  hollow.  It  is  larger  at  its  upper  than  its 
lower  extremity.  It  presents  for  examination  two  surfaces,  two  borders,  and  an 
upper  and  lower  extremity. 

Its  anterior  surface  is  convex,  looks  forward  and  outward,  and  is  partially 
covered  by  peritoneum.  The  upper  part  of  this  surface  on  the  right  side  is  in 
contact  with  the  under  surface  of  the  right  lobe  of  the  liver,  on  which  it  produces 
a  slight  concave  impression,  the  impressio  renalis  (page  952)  ;  below  this  the 
descending  portion  of  the  duodenum  and  the  upper  part  of  the  ascending  colon 
are  connected  to  this  surface  by  a  quantity  of  loose  areolar  tissue.  On  the  left 
side  the  upper  part  of  the  anterior  surface  t)f  the  kidney  is  in  contact  with  the 
under  surface  of  the  stomach,  and  below  this  with  the  left  extremity  of  the  pan- 
creas, whilst  the  lower  part  is  connected  to  the  descending  colon  by  loose  aieolar 
tissue. 

The  posterior  surface  is  flatter  than  the  anterior,  and  is  imbedded  in  areolar 
tissue  which  separates  it  from  the  Diaphragm  covering  the  twelfth  rib  and  from 
the  anterior  lamellae  of  the  lumbar  fascia  covering  the  Quadratus  lumborum  mus- 
cle, and  internally  from  the  fascia  covering  the  Psoas  magnus  muscle. 

The  external  border  is  convex,  and  is  directed  outward  and  backward  toward 
the  postero-lateral  wall  of  the  abdomen.  On  the  left  side  it  is  in  contact,  at  its 
upper  part,  with  the  spleen. 

The  internal  border  is  concave,  and  is  directed  forward  and  a  little  downward. 
It  presents  a  deep  longitudinal  fissure  bounded  by  a  prominent  overhanging  ante- 
rior and  posterior  lip.  This  fissure  is  named  the  hilum,  and  allows  of  the  passage 
of  the  vessels,  nerves,  and  ureter  into  and  out  of  the  kidney. 

The  superior  extremity^  directed  slightly  inward  as  well  as  upward,  is  thick 
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and  rounded,  and  is  surmounted  by  the  suprarenal  capsule,  which  covers  also  a 
small  portion  of  the  anterior  surface. 

The  inferior  extremity,  directed  a  little  outward  as  well  as  downward,  is 
smaller  and  thinner  than  the  superior.  It  extends  to  within  two  inches  of  the 
crest  of  the  ilium. 

At  the  hiluni  of  the  kidney  the  relative  position  of  the  main  structures  pa8!<inj; 
into  and  out  of  the  kidney  is  as  follows:  the  vein  is  in  front,  the  artery  in  ibe 
middle,  and  the  duct  or  ureter  behind  and  toward  the  lower  part.  By  a  knowleJgc 
of  tbe.se  relations  the  student  may  distinguish  between  the  right  and  left  kidney. 
The  kidney  is  to  be  laid  on  the  table  before  the  student  on  its  posterior  surface. 
with  its  lower  extremity  toward  the  observer — that  is  to  say,  with  the  ureter 
behind  and  below  the  other  vessels ;  the  hilum  will  then  be  directed  to  the  side  in 
which  the  kidney  belongs. 

(Jeneral  Stmctore  of  tbe  Kidney. — The  kidney   is  surrounded  by  a  distinci 
investment  of  fibrous  tissue  which  forms  a  firm,  smooth  covering  to  the  organ.    It 
closely   invests   it,    but   can   be   easily    stripped  off,   in  doing  which,  howevor, 
numerous  fine  processes  of  connective   tissue  and  small   blood-vessels  are  torn 
through.     Beneath  this  coat  a  thin  wide-meshed  network  of  unsiriped  muscular 
fibre  forms  an  incomplete  covering  to  the  organ.     When  the  fibrous  coat  is  stripped 
off,  the  surface  of  the  kidney  is  found  to  be  smooth  and  even  and  of  a  deep-red  color. 
In  infants  fissures  extending  for  some  depth  may  be  seen  on  the  surface  of  ihe 
organ,  a  remnarit  of  the  lobular  construction  of  the  gland.     The  kidney  is  dense 
in  texture,  but  is  easilv  lacerable  by  mechanical 
force.     In  order  to  obtain  a  knowledge  of  tbe 
structure  of  the  gland,  a  vertical  section  must 
be  made  from  its  convex  to  its  concave  border. 
and  tbe  loose  tissue  and  fat  removed  from  around 
the  ve.ssels  and   the  excretory  duct  (Fig.  585). 
It  will  be  then  seen  that  the  kidney  consists  of 
a  central  cavity  surrounded  at  all  parts  but  one 
by  the  proper  kidney-substance.     This  central 
cavity  is  called  the  sinus,  and  is  lined  by  a  pro- 
longation   of   the   fibrous  coat  of  the   kidney. 
which  enters  through  a  longitudinal  fissure,  the 
hilum  (before  mentioned),  which  is  situated  at 
that  part  of  the  cavity  which  is  not  surrounded 
by  kidney-structure.     Through  this  fissure  the 
blood-vessels  of  tbe  kidney  and  its   excretory 
duct  pass,  and  therefore  these  structures,  upnn 
entering  the  kidney,  are  contained  within  the 
sinus.'   The    excretory    duct,   or   nrfter,  after 
entering,  dilates  into  a  wide,  funnel-shaped  sac 
named  the  pelvi».     This  divides  into  two  or  three 
tubular  divisions,  which  subdivide  into  several 
short,  truncated  blanches   named  calices  or  in- 
fundibula,  all  of   which  are  contained  in  ihe 
Fiii.  58.').— viTiicKi  Bcpilon  of  lidney.         Central  Cavity  of  the  kidney.      The  blood-vessels 
of  the  kidney,  after  passing  through  the  hilum. 
are  contained  in  the  sinus  or  central  cavity,  lying  between  its  lining  membrane 
and  the  excretory  apparatus,  before  entering  the  kidney -substance. 

This  central  cavity,  as  before  mentioned,  is  surrounded  on  all  sides  except  at 
the  hilum  by  the  substance  of  the  kidney,  which  is  at  once  seen  to  consist  of  two 
parts — viz.  of  an  external  granular  investing  part,  which  is  called  the  eortiva! 
portion  ;  and  of  an  internal  part,  the  meduUary  portion,  made  up  of  a  number  of 
dark-colored  pyramidal  masses,  with  their  bases  resting  on  the  cortical  part  and 
their  apices  converging  toward  the  centre,  where  they  form  prominent  papillie 
which  project  into  the  interior  of  the  calices. 
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The  cortical  substance  is  of  a  bright  reddish-brown  color,  soft,  granular,  and 
easily  lacerable.  It  is  found  everywhere  immediately  beneath  the  capsule,  and  is 
seen  to  extend  in  an  arched  form  over  the  base  of  each  medullary  pyramid.  The 
part  separating  the  sides  of  any  two  pyramids  through  which  the  arteries  and 
nerves  enter,  and  the  veins  and  lymphatics  emerge,  from  the  kidney,  is  called  a 
cortical  column  or  column  of  Bertini  (a,  a'  Fig.  585) ;  whilst  that  portion  which 
stretches  from  one  cortical  column  to  the  next,  and  intervenes  between  the  base  of 
the  pyramid  and  the  capsule  (which  is  marked  by  the  dotted  line  extending  from 
A  to  a'  in  Fig.  585).  is  called  a  cortical  arch,  the  depth  of  which  varies  from  a  third 
to  half  an  inch. 

The  medullary  substance,  as  before  stated,  is  seen  to  consist  of  pale  red-colored, 
striated,  conical  masses,  the  pi/ramidB  of  Malpighi,tlie  number  of  which,  varying 
from  eight  to  eighteen,  correspond  to  the  number  of  lobes  of  which  the  organ  in 
the  foetal  state  is  composed.  The  base  of  each  pyramid  is  surrounded  by  a  cortical 
arch,  and  directed  toward  the  circumference  of  the  kidney;  the  sides  are  contigu- 
ous with  the  cortical  columns ;  whilst  the  apex,  known 
as  the  papilla  or  mammilla  of  the  kidney,  projects  into 
one  of  the  calices  of  the  ureter. 

These  two  parts,  cortical&nA  medullary,  so  dissimilar 
in  appearance,  are  very  similar  in  structure,  being 
made  up  of  urinary  tubes  and  blood-.vessels  united  and 
bound  together  by  a  connecting  matrix  or  stroma. 

Minute  Ajiatomy. — The  tuhuli  uriniferi,  of  which 
the  kidney  is  for  the  most  part  made  up,  commence  in 
the  cortical  portion  of  the  kidney,  and,  after  pursuing 
a  very  circuitous  course  through  the  cortical  and  med- 
ullary parts  of  the  kidney,  finally  terminate  at  the 
apices  of  the  Malpighian  pyramids  by  open  mouths 
(Fig.  586),  so  that  the  fluid  which  they  contain  is 
emptied  into  the  dilated  extremity  of  the  ureter  con- 
tained in  the  sinus  of  the  kidney.  If  the  surface  of 
ono  of  the  papillae  is  examined  with  a  lens,  it  will  be 
seen  to  be  studded  over  with  a  number  of  small  depres- 
sions from  sixteen  to  twenty  in  number,  and  in  a  fresh 
kidney,  upon  pressure  being  made,  fluid  will  be  seen  to 
exude  from  these  depressions.  They  are  the  orifices  of 
the  tubuli  uriniferi,  which  terminate  in  this  situation. 
They  commence  in  the  cortical  portion  of  the  kidney 
as  the  Malpighian  bodies,  which  are  small  rounded 
masses,  varying  in  size,  but  of  an  average  of  about 
■j-^  of  an  inch  in  diameter.  They  are  of  a  deep-red 
color,  and  are  found  only  in  the  cortical  portion  of  the 

kidney.     Each  of  these  little  bodies  is  composed  of  two         fio  586~i    a   Malpighian 
parts— a  central  glomerulus  of  vessels,  called  a  Mai-    S^cTu™:"c".'c^i™^°'o'fViini^ 
piifhian   tuft,  and   a  membranous  envelope,   the  Mai-     (•n5^^*eririn'''MraiBht''!i'ix^'  f" 
pighian  capsule,  or  capsule  of  Bowman,  which  latter  is     xtrminationuf  straight  lube. 
a  small  pouch-like  commencement  of  a  uriniferous  tubule. 

The  Malpighian  tuft,  or  vascular  glomerulus,  is  a  network  of  convoluted 
capillary  blood-vessels  held  together  by  scanty  connective  tissue  and  grouped  into 
from  two  to  five  lobules.  This  capillary  network  is  derived  from  a  small  arterial 
twig,  the  afferent  vessel,  which  pierces  the  wall  of  the  capsule,  generally  at  a  point 
opposite  that  at  which  the  latter  is  connected  with  the  tube  ;  and  the  resulting 
vein,  the  efferent  vessel,  emerges  from  the  capsule  at  the  same  point.  The  afferent 
vessel  is  usually  the  larger  of  the  two  (Fig.  5H7).  The  Malpighian  or  Bowman's 
capsule,  which  surrounds  the  glomerulus,  is  formed  of  a  hyaline  membrane  sup- 
ported by  a  small  amount  of  connective  tis.'^ue  which  is  continuous  with  the  con- 
nective  tissue  of  the  tube.     It  is  lined  on   its  inner  surface  by  a  layer  of  aqua- 
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mous  epithelial  cells  which  are  reflected  from  the  lining  membrane  on  to  the 
glomerulus  at  the  point  of  entrance  or  exit  of  the  afferent  and  efferent  vessels. 
The  whole  surface  of  the  glomerulus  is  covered  with  a  continuous  layer  of  the 
same  cells  on  a  delicate  supporting  membrane,  which  with  the  cells  dips  in  beiween 
the  lobules  of  the  glomerulus,  closely  surrounding  them  (Fig.  588).  Thus,  between 
the  glomerulus  and  the  capsule  a  space  is  left,  forming  a  cavity  lined  by  a  con- 
tinuous layer  of  cells,  which  varies  in  size  according  to  the  state  of  secretion  and 
the  amount  of  fluid  present  in  it.     The  cells,  as  above  stated,  are  squamouE  id 


Fia.  .SST.-MInutf  slruclure  of  kldaey.  Fio.  588.-Malplgh1aii  body. 

the  adult,  but  in  the  fcetus  and  young  subject  they  are  polyhedral  or  even  co- 
lumnar. 

The  twhiili  uriniferi,  commencing  in  the  Malpiffbian  bodies,  in  their  course 
present  many  changes  in  shape  ana  direction,  and  are  contained  partly  in  ibe 
medullary  and  partly  in  the  cortical  portions  of  the  organ.  At  their  junction  with 
the  Malpighian  capsule  they  present  a  somewhat  constricted  portion  which  is 
termed  the  neek.  Beyond  this  the  tube  becomes  convoluted,  and  pursues  a  con- 
siderable couree  in  the  cortical  structure,  constituting  the  proximal  eonnifvici 
tube.  After  a  time  the  convolutions  disappear,  and  the  tube  approaches  the 
medullary  portion  of  the  kidney  in  a  more  or  less  spiral  manner.  This  section  of 
the  tube  has  been  called  the  spiral  tube  of  Scliachowa.  Throughout  this  portion 
of  their  course  the  tubuli  uriniferi  have  been  contained  entirely  in  the  cortical 
structure,  and  have  presented  a  pretty  uniform  calibre.  They  now  enter  the 
medullary  portion,  and  suddenly  become  much  smaller,  quite  straight  in  direction, 
and  dip  down  for  a  variable  depth  into  the  pyramids,  constituting  the  deicendiiig 
limb  of  JTenle's  loop.  Bending  on  themselves,  they  form  a  kind  of  loop,  the  hop 
of  ffenle,  and,  reascending,  become  suddenly  enlarged  and  again  spiral  in 
direction,  forming  the  a»cending  limb  of  Henle's  loop,  and  re-enter  the  cortical 
structure.  This  portion  of  the  tube  does  not  present  a  uniform  calibre,  but 
becomes  narrower  as  it  ascends  and  irregular  in  outline.  As  a  narrow  lube  it 
enters  the  cortex  and  ascends  for  a  short  distance,  when  it  again  becomes  dilated, 
irregular,  and  angular.  This  section  is  termed  the  irregular  tubule;  it  terminates 
in  a  convoluted  tube  which  exactly  resembles  the  proximal  convoluted  tubule,  anil 
is  called  the  distal  convoluted  tubule.  This  again  terminates  in  a  narrow  curved 
tube  which  enters  the  straight  or  collecting  tube. 

Each  straight,  otherwise  called  a  collecting  or  receiving,  tube  commences  by  a 
small  orifice  on  the  summit  of  one  of  the  papillfe,  thus  opening  and  discharging 
its  contents  into  the  interior  of  one  of  the  calices.  Traced  into  the  substance  of 
the  pyramid,  these  tubes  are  found  to  run  from  apex  to  base,  dividing  dichotomously 
in  their  course  and  slightly  diverging  from  each  other.  Thus  dividing  and  sub- 
dividing, they  reach  the  base  of  the  pyramid,  and  enter  the  cortical  structure 
greatly  increased  in  number.  Upon  entering  the  cortical  portion  they  continues 
straight  course  for  a  variable  distance,  and  are  arranged  in  groups  called  medullary 
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rays^  several  of  these  groups  corresponding  to  a  single  pyramid.     The  tubes  in  the 
centre  of  the  group  are  the  longest,  and  reach  almost  to  the  surface  of  the  kidney, 
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Fio.  589.— Urinlferous  tube.    For  the  sake  of  clearness  the  epithelial  cells  have  been  represented  more 
highly  magnified  than  the  tubes  in  which  they  are  contained. 

while  the  external  ones  are  shorter,  and  advance  only  a  short  distance  into  the 
cortex.  In  consequence  of  this  arrangement  the  cortical  portion  presents  a  number 
of  conical  masses,  the  apices  of  which  reach  the  periphery  of  the  organ,  and  the 
bases  are  applied  to  the  medullary  portion.  These  are  termed  the  pyramida  of 
Ferrein,  As  they  run  through  the  cortical  portion  the  straight  tubes  receive  on 
either  side  the  curved  extremity  of  the  convoluted  tubes,  which,  as  stated  above, 
commence  at  the  Malpighian  bodies. 

It  will  be  seen  from  the  above  description  that  there  is  a  continuous  series  of 
tubes  from  their  commencement  in  the  Malpighian  bodies  to  their  termination 
at  the  orifices  on  the  apices  of  the  pyramids  of  Malpighi,  and  that  the  urine,  the 
secretion  of  which  commences  in  the  capsule,  finds  its  way  through  these  tubes 
into  the  calicos  of  the  kidney,  and  so  into  the  ureter.  Commencing  at  the  capsule, 
the  tube  first  presents  a  narrow  constricted  portion,  (1)  the  neck.  2.  It  forms  a  wide 
convoluted  tube,  the  ijroximal  convoluted  tube.  3.  It  becomes  spiral,  the  spiral 
tubule  of  Schachowa.  4.  It  enters  the  medullary  structure  as  a  narrow,  straight 
tube,  the  descending  limb  of  Henles  loop.  5.  Forming  a  loop  and  becoming 
dilated,  it  ascends  somewhat  spirally,  and,  gradually  diminishing  in  calibre, 
again  enters  the  cortical  structure,  the  ascending  limb  of  Henles  loop.  6.  It  now 
becomes  irregular  and  angular  in  outline,  the  irregular  tubule.  7.  It  then  becomes 
convoluted,  the  distal  convoluted  tubule.  8.  Diminishing  in  size,  it  forms  a  curve, 
the  curved  tubule.  9.  Finally,  it  joins  a  straight  tube,  the  straight  collecting  tube, 
which  is  continued  downward  through  the  medullary  substance  to  open  at  the  apex 
of  a  pyramid. 

The  Tumuli  Uriniferi:  their  Structure. — The  tubuli  uriniferi  consist  of  base- 
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ment  membrane  lined  with  epithelium.  The  epithelium  varies  considerably  in 
different  sections  of  the  uriniferous  tubes.  In  the  neck  the  epithelium  is  con- 
tinuous with  that  lining  the  Malpighian  capsule,  and,  like  it,  consists  of  flattened 
cells  with  an  oval  nucleus  (Fig.  589  a).  The  <;ells  are,  however,  very  indistinct  and 
difficult  to  trace,  and  the  tube  has  here  the  appearance  of  a  simple  basement 
membrane  unlined  by  epithelium.  In  the  proximal  convoluted  tubule  and  the 
spiral  tubule  of  Schachowa  the  epithelium  is  polyhedral  in  shape,  the  sides  of  the 
cells  not  being  straight,  but  fitting  into  each  other,  and  in  some  animals  so  fused 


Fig.  590J— Longitudinal  section  of  Henle's 
descending  Umb.  a.  Membrana  propria,  b. 
KpitheUum. 


Fig.  591.— Longitudinal  section  of  straight 
tube.  a.  Cylindrical  or  cubical  epithelium. 
b.  Membrana  propria. 


together  that  it  is  impossible  to  make  out  the  lines  of  junction.  In  the  human 
kidney  the  cells  often  present  an  angular  projection  of  the  surface  next  the  base- 
ment membrane.  These  celjs  are  made  up  of  more  or  less  rod-like  fibres,  which 
rest  by  one  extremity  on  the  basement  membrane,  whilst  the  other  projects  toward 
the  lumen  of  the  tube.  This  gives  to  the  cells  the  appearance  of  distinct  striation 
(Heidenhain)  (Fig.  589  b).  In  the  descending  limb  of  Henle's  loop  the  epithelium 
resembles  that  found  in  the  Malpighian  capsule  and  the  commencement  of  the  tube, 
consisting  of  flat  transparent  epithelial  plates  with  an  oval  nucleus  (Figs.  589  a, 
590).  In  the  ascending  limb,  on  the  other  hand,  the  cells  partake  more  of  the 
character  of  those  described  as  existing  in  the  proximal  convoluted  tubule,  being 
polyhedral  in  shape  and  presenting  the  same  appearance  of  striation.  The 
nucleus,  however,  is  not  situated  in  the  centre  of  the  cell,  but  near  the  lumen 
(Fig.  589  c).  After  the  ascending  limb  of  Henle's  loop  becomes  narrower  upon 
entering  the  cortical  structure,  the  striation  appears  to  be  confined  to  the  outer 
part  of  the  cell ;  at  all  events,  it  is  much  more  distinct  in  this  situation,  the 
nucleus,  which  appears  flattened  and  angular,  being  still  situated  near  the  lumen 
(Fig.  589  d).  In  the  irregular  tubule  the  cells  undergo  a  still  farther  change, 
becoming  very  angular,  and  presenting  thick  bright  rods  or  markings,  which 
render  the  striation  much  more  distinct  than  in  anv  other  section  of  the  urinary 
tubules  (Fig.  589  h).  In  the  distal  convoluted  tubule  the  epithelium  appears  to 
be  identical  with  that  which  has  been  described  as  existing  in  the  proximal  con- 
voluted tubule  (Fig.  589  b).  In  the  curved  tubule,  just  before  its  entrance  into 
the  straight  collecting  tube,  the  epithelium  varies  greatly  as  regards  the  shape  of 
the  cells,  some  being  angular  with  short  processes,  others  spindle-shaped,  others 
polyhedral  (Fig.  589  e). 

In  the  straight  tubes  the  epithelium  is  more  or  less  columnar;  in  its  papillary 
portion  the  cells  are  distinctly  columnar  and  transparent  (Figs.  591,  592),  but  as 
the  tube  approaches  the  cortex  the  cells  are  less  uniform  in  shape ;  some  are 
polyhedral,  and  others  angular  with  short  processes  (Fig.  589  f  and  g). 

*  From  the  Handbook  for  the  Physiological  Laboratoiy. 


THE   KIDNEYS. 


The  Benal  Blood-resselB. — The  kidney  is   plentifully  supplied  with  blood  bv 
the  renal  artery,  a  large  offaet  of  the  abdominal  aorta.     Previously  to.  entering 


Fra.  AM.— Trensvereeseclion  of  pyraniidtilaubslsntfc  of  kIclncT  of  pig,  IhcWood-veBM-lsijf  which  are  Injected. 
a.  Large  mUectlng  tube  cut  across,  lined  with  cyllndrieal  eplthellQm.  h.  Branch  of  collecting  tube  cut  across, 
line^  with  cpltheuum  with  Bhortcr  cylladera.  cand  d.  Hetile's  loops  cut  acroaa.  e.  Blood-vesselG  cut  across. 
a.  Connertlve-llsBUe  ground  substance. 

the  kidney,  each  artery  divides  into  four  or  five  branches,  which  are  distributed 
to  its  substance.  At  the  hilura  these  branches  lie  between  the  renal  vein  and 
ureter,  the  vein  being  usually  in  front,  the  ureter  behind.  Each  vessel  gives 
off  some  small   brancLes  to   the  suprarenal   capsules,   the  ureter,  and  the  sur- 


B.-DlaBnunmatlcal  skptch  of  kidney.  Pia.  5W.— A  portion  of  Fig.  K«  enlarged,    (The 

n.  Proper  renal  artery  and  vein,  the  former  giving  olT  the  renal  anCrents,  the  latter  receiving  the  renal 
lis,    B,  b.  Interlobular  arterv  and  rein,  the  latter  commencing  (Vom  the  slellBte  vcliis,  anif  receiving 


effcrenla,    B,  b.  Interlobular  artery  and  rein,  the  latter  co _  - 

trHnrlies  &om  the  jilciuB  around  the  Inbnii  conwrtl,  the  fonncr  giving  o[. --.. ... 

rounded  by  tubull  coritorti,  with  which  It  commUDleatoi.  an  more  taWy  shown  in  Fig,  .Mvi,  D,  Mervln  of  medul- 
IBTV  enbutaneo,  K,  B,  E,  Uccelving  tubes  cut  off,  f,/,  Arlertoln;  et  venai  reilie,  the  latter  arising  from  |.i|  the 
plexus  at  the  medullary  apex, 

rounding  cellular  tissue  and  muscles.  Frequently  there  is  a  second  renal  arloiy, 
which  is  given  off  from  the  abdominal  aorta  at  a  lower  level,  and  supplies  the 
lower  portion  of  the  kidney.  It  ia  termed  the  inferior  n-nal  arteri/.  The 
branches  of  the  renal  artery  whilst  in  the  sinus  give  off  a  few  twigs  for  the 
nutrition  of  the  sun-ounding  tissues,  and  terminate  in  the  arterial  proprifp  revalrn, 
which  enter  the  kidney  proper  in  the  columns  of  Eertini.  Two  of  these  pa.'^s 
to  each  pyramid  of  Malpighi  and   run  along  its   sides   for   its   entire   length, 
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giving  aif  as  they  advance  the  afferent  vessels  of  the  Malpigbian  bodies  in 
the  columns.  Having  arrived  at  the  bases  of  the  pyramids,  they  make  a  bend 
in  their  course,  so  as  to  lie  between  the  bases  of  the  pyramids  and  the  cortical 
arches,  where  they  break  up  into  two  distinct  sets  of  branches  devoted  to  the 
supply  of  the  remaining  portions  of  the  kidney. 

The/rg(  set,  the  interlobular  arterieg  (Figs.  593.  594  b),  are  given  off  at  right 
angles  from  the  side  of  the  arteriae  propriee  re- 

5| **  nales  looking  toward  the  cortical  substance,  and, 

passing  directly  outward  between  the  pyramids 
of  Ferrein,  they  reach  the  capsule,  where  thev 
terminate  in  the  capillary  network  of  this  pan. 
In  their  outward  course  they  give  off  lateral 
branches ;  these  are  the  afferent  vesseU  for  the 
Malpigbian  bodies  (see  page  1014),  and,  having 
pierced  the  capsule,  end  in  the  Malpigbian  tufts. 
From  each  tuft  the  corresponding  renal  efferent 
arises,  and,  having  made  its  egress  from  the 
capsule  near  to  the  point  where  the  afferent  ves- 
sel entered,  anastomoses  with  other  efferents 
from  other  tufts,  and  contributes  to  form  a 
dense  venous  plexm  around  the  adjacent  urin- 

Fio.S95,~r)lagramm«ticreprcBentuti™       orv  tubes  (Fiff    595^ 

eoTtei  of  the  ktdoey.  m.  Ktrion  of  the  I  he  necond  Set  of  branches  from  the  artenie 

medultarv  ray,    b.  Reelon  of  (he  lartuouii  .  i  p       ..i  i         i-  ..i  j    i 

noriioii  of  the  tuhui^.  at.  Art«ria  Inter-  propisB  rcnales  are  for  the  supplv  of  the  medul- 
IS™'v"'sT™eJSiSJ!"«^^^^  la'')'  pyramids,  which  they  enter"  at  their  bases: 

Ludwto^'SrVkel^BHa^iwS'f'^''^'""  ^°^'  passing  Straight  through  their  substance 
to  their  apices.  leiininate  in  the  venous  plex- 
uses found  in  that  situation.  They  are  called  the  arteriole  rectte  (Figs.  593. 
594  f). 

The  Renal  Vehis  arise  from  three  sources — the  veins  beneath  the  capsule,  the 
plexuses  around  the  tubuli  contorti  in  the  cortical  arches,  and  the  plexuses  situated 
at  the  apices  of  the  pyramids  of  Malpighi.  The  veins  beneath  the  capsule  are 
stellate  in  arrangement,  and  are  derived  from  the  capillary  network  of  the  capsule, 
into  which  the  terminal  branches  of  the  interlobular  arteries  break  up.  These 
join  to  form  the  vemr  interlobulares,  which  pass  inward  between  the  pyramids  of 
Ferrein,  receive  branches  from  the  plexuses  around  the  tubuli  contorti,  and. 
having  arrived  at  the  bases  of  the  Malpigbian  pyramids,  join  with  the  venre  rectje, 
next  to  he  described  (Figs.  593,  594  b). 

The  Venm  Recta  are  branches  from  the  plexuses  at  the  apices  of  the  medullary 
pyramids,  formed  by  the  terminations  of  the  artenolse  rectae.  Tbey  pass  outward 
in  a  straight  course  between  the  tubes  of  the  medullary  structure,  and  joining,  as 
above  stated,  the  venie  inter!  obulares,  form  the  proper  renal  veins  (Figs.  593,594/). 

These  vessels.  Vena-  Propri/e  Renales,  accompany  the  arteries  of  tne  same  name, 
running  along  the  entire  length  of  the  sides  of  the  pyramids ;  and,  having  received 
in  their  course  the  efferent  vessels  from  the  Malpigbian  bodies  in  the  cortical 
structure  adjacent,  quit  the  kidney  substance  to  enter  the  sinus.  In  this  cavity 
they  inosculate  with  the  corresponding  veins  from  the  outer  pyramids  to  form  the 
renal  vein,  which  emerges  from  the  kidney  at  the  hilura  and  opens  into  the  inferior 
vena  cava,  the  left  being  longer  than  the  right,  from  having  to  cross  in  front  of 
the  abdominal  aorta. 

Nerves  of  the  Kidney. — The  nerves  of  the  kidney,  although  small,  are  about 
fifteen  in  number.  Tbey  have  small  ganglia  developed  upon  them,  and  are  derived 
from  the  renal  plexus,  which  is  formed  by  branches  from  the  solar  plexus,  the 
lower  and  outer  part  of  the  semilunar  ganglion  and  aortic  plexus,  and  from  the 
lesser  and  smallest  splanchnic  nerves.  Tbey  communicate  with  the  spermatic 
plexus,  a  circumstance  which  may  explain  the  occurrence  of  pain  in  the  testicle  in 
affections  of  the  kidney.    So  far  as  they  have  been  traced,  they  seem  to  accompany 
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the  renal  artery  and  its  branches,  but  their  exact  mode  of  termination  is  not 
known. 

The  lymphatics  consist  of  a  superficial  and  deep  set  which  terminate  in  the 
lumbar  glands. 

Connective  Tissue^  or  Intertvbular  Stroma. — Although  the  tubules  and  vessels 
are  closely  packed,  a  certain  small  amount  of  connective  tissue,  continuous  with 
the  capsule,  binds  them  firmly  together.  This  tissue  was  first  described  by  Goodsir, 
and  subsequently  by  Bowman.  Ludwig  and  Zawarykin  have  observed  distinct 
fibres  passing  around  the  Malpighian  bodies,  and  Henle  has  seen  them  between 
the  straight  tubes  composing  the  medullary  structure. 

Surface  Form. — ^Tbe  kidneys,  being  situated  at  the  back  part  of  the  abdominal  cavity  and 
deeply  placed,  cannot  be  felt  unless  enlarged  or  misplaced.  They  are  situated  on  the  confines 
of  tne  epigastric  and  umbilical  regions  internally,  with  the  hypochondriac  and  lumbar  regions 
externally.  The  left  is  somewhat  higher  than  the  right.  According  to  Morris,  the  position  of 
the  kidney  may  be  thus^  defined  :  Anteriorly :  '^1.  A  horizontal  line  through  the  umbilicus  is 
below  the  lower  edge  of  each  kidney.  2.  A  vertical  line  carried  upward  to  the  costal  arch  from 
the  middle  of  Poupart's  ligament  has  one-third  of  the  kidney  to  its  outer  side  and  two-thirds  to 
its  inner  side — i'.  e.  between  this  line  and  the  median  line  of  the  body."  In  adopting  these  lines 
it  must  be  borne  in  mind  that  the  axes  of  the  kidneys  are  not  vertical,  but  oblique,  and  if  con- 
tinued upward  would  meet  about  the  ninth  dorsal  vertebra.  Posteriorly :  The  upper  end  of  the 
left  kidney  would  be  defined  by  a  line  drawn  horizontally  outward  fit)m  the  spinous  process  of  the 
eleventh  dorsal  vertebra,  and  its  lower  end  by  a  point  two  inches  above  the  iliac  crest.  The  right 
kidney  would  be  half  to  three-quarters  of  an  inch  lower.  Morris  lays  down  the  following  rules 
for  indicating  the  position  of  the  kidney  on  the  posterior  surface  of  the  body :  "1.  A  line  par- 
allel with,  and  one  inch  fix)m,  the  spine,  between  the  lower  edge  of  the  tip  of  the  spinous  pro- 
cess of  the  eleventh  dorsal  vertebra  and  the  lower  edge  of  the  spinous  process  or  the  third 
lumbar  vertebra.  2.  A  line  from  the  top  of  this  first  line  outward  at  right  angles  to  it  for 
2}  inches.  3.  A  line  from  the  lower  end  of  the  first  transversely  outward  for  2i  inches.  4.  A 
line  parallel  to  the  first  and  connecting  the  outer  extremities  of  the  second  and  third  lines  just 
described." 

The  hilum  of  the  kidney  lies  about  two  inches  from  the  middle  line  of  the  back,  at  the  level 
of  the  spinous  process  of  the  first  lumbar  vertebra. 

Surgical  Anatomy. — The  kidney  is  imbedded  in  a  large  quantity  of  loose  fatty  tissue,  and 
is  but  slightly  covered  by  peritoneum  ;  hence  rupture  of  this  organ  is  not  nearly  so  serious  an 
accident  as  rupture  of  the  liver  or  spleen,  since  the  extravasation  of  blood  and  urine  which 
follows  is  outside  the  peritoneal  cavity.  Occasionally  the  kidney  may  be  bruised  by  blows  in  the 
loin  or  by  being  compressed  between  the  lower  ribs  and  the  ilium  when  the  body  is  violently  bent 
forward.  This  is  followed  by  a  little  transient  haematuria,  which,  however,  speedily  passes  off. 
Occasionally,  when  rupture  involves  the  pelvis  of  the  kidney  or  the  commencement  of  tne  ureter, 
this  duct  may  become  blocked,  and  hydronephrosis  follow. 

The  loose  cellular  tissue  around  the  kidney  may  be  the  seat  of  suppuration,  constituting 
perinephn'tic  ahscesH.  This  may  be  due  to  injury,  to  disease  of  the  kidney  itself, ^r  to  extension 
of  innamuiation  from  neighboring  parts.  It  may  burst  into  the  pleura,  constituting  empyema; 
into  the  colon  or  bladder ;  or  may  point  externally  in  the  groin  or  loin.  Tumors  of  the  kidney, 
of  which,  perhaps,  sarcoma  in  children  is  the  most  common,  may  be  recognized  by  their  ix)sition 
and  fixity ;  by  tne  resonant  colon  lying  in  front  of  it ;  by  their  not  moving  with  respiration ;  and 
by  their  rounded  outline,  not  presenting  a  notched  anterior  margin  like  the  spleen,  with  which 
they  are  most  likely  to  be  confounded.  The  examination  of  the  kidney  should  be  bimanual ; 
that  is  to  say,  one  hand  should  be  placed  in  the  flank  and  finn  pressure  made  forward,  while  the 
other  hand  is  buried  in  the  abdominal  wall  Just  external  to  the  semilunar  line.  Manipulation  of 
the  kidnev  frequently  produces  a  peculiar  sickening  sensation,  with  sometimes  faintness. 

The  kidney  is  mamly  held  in  position  by  the  mass  of  fatty  matter  in  which  it  is  imbedded 
and  oyer  which  the  peritoneum  is  stretched.  If  this  fatty  matter  is  loose  or  lax  or  is  absorbed, 
the  kidney  may  become  movable  and  may  give  rise  to  great  pain.  This  condition  occurs,  there- 
fore, in  badly-nourished  people  or  in  those  who  have  oecome  emaciated  from  any  cause,  and  is 
more  common  in  women  than  in  men.  It  must  not  be  confounded  with  the  floating  kidney :  this 
is  a  congenital  condition  due  to  the  development  of  a  meso-nephron,  which  i)ermits  the  or^an  to 
move  more  or  less  freely.  The  two  conditions  cannot,  however,  be  distinguished  until  the 
abdomen  is  opened  or  the  kidney  explored  from  the  loin. 

The  kidney  has,  of  late  years,  been  frequently  the  seat  of  surgical  interference.  It  may  be 
exposed  for  exploration  or  the  evacuation  of  pus  (nephrotomy) ;  it  may  be  incised  for  the 
removal  of  stone  (nephro-lithotomy) ;  it  may  be  sutured  when  movable  or  floating  (nephrorraphy) ; 
or  it  may  be  removed  (nephrectomy). 

•  The  kidney  may  be  exposed  either  by  a  lumbar  or  abdominal  incision.  The  lumbar  opera- 
tion is  the  one  which  is  generally  adopted,  unless  in  cases  of  very  large  tumors  or  of  wandering 
kidneys  with  a  loose  meso-nephron,  on  account  of  the  advantages  which  it  possesses  of  not 
opening  the  peritoneum  and  of  aflbrding  admirable  drainage.  It  may  be  performed  either  by 
an  oblique,  a  vertical,  or  a  transverse  incision.     Perhaps  the  preferable,  as  aflbrding  the  best 
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means  for  exploring  the  whole  surface  of  the  kidney,  is  an  incision  from  the  tip  of  the  last  rib 
backward  to  the  ed^e  of  the  Erector  spinas.  This  incision  must  not  be  quite  parallel  to  the  rib, 
but  ite  posterior  end  must  be  at  least  three-quarters  of  an  inch  below  it,  lest  the  pleura  be 
wounded.  This  cut  is  cjuite  sufficient  for  an  exploration  of  the  orsran.  Should  it  recjuire  removal, 
a  vertical  incision  can  be  made  downward  to  the  crest  of  the  ilium,  along  the  outer  border  of  the 
Quadratus  -lumborum.  The  structures  divided  are  the  skin,  the  superficial  fascia  with  the 
cutaneous  nerves,  the  deep  fascia,  the  posterior  border  of  the  External  oblique  muscle  of  the 
abdomen,  and  the  outer  border  of  the  Latissimus  dorsi ;  the  Internal  oblique  and  the  posterior 
aponeurosis  of  the  Transversalis  muscle ;  the  outer  border  of  the  Quadratus  lumborum,  and  the 
deep  layer  of  the  transversalis  aponeurosis,  and  the  transversalis  fascia.  The  fatty  tissue 
around  the  kidney  is  now  exposed  to  view,  and  must  be  separated  by  the  fingers  or  a  director  in 
order  to  reach  the  kidney. 

The  abdominal  oj)eration  is  best  performed  by  an  incision  in  the  linea  semilunaris  on  the 
side  of  the  kidney  to  be  removed,  as  recommended  by  Langenbuch.  The  incision  is  made  of 
van'ing  length  according  to  the  size  of  the  kidney ;  its  mid-iK>int  should  be  on  a  level  w^ith  the 
umbilicus.  The  abdominal  cavity  is  opened.  The  intestines  are  then  held  aside  and  the  outer 
layer  of  the  meso-colon  opened,  so  that  the  fingers  can  be  introduced  behind  the  peritoneum  and 
the  renal  vessels  sought  for.  These  are  then  to  be  ligatured ;  if  tied  separately,  care  must  be 
taken  to  ligature  the  artery  first.  The  kidney  mu3t  now  be  enucleated,  and  the  vessels  and 
ureter  divided,  and  the  latter  tied  or,  if  thought  necessary,  stitched  to  the  edge  of  the  wound. 

THE  URETERS. 

The  Ureters  are  the  two  tubes  which  conduct  the  urine  from  the  kidnevs  into 
the  bladder.  They  commence  within  the  sinus  of  the  kidney  by  a  number  of 
short  truncated  branches,  the  calices  or  infundibular  which  unite  either  directly 
or  indirectly  to  form  a  dilated  pouch,  the  pelvis^  from  which  the  ureter,  after 
passing  through  the  hilum  of  the  kidney,  descends  to  the  bladder.  The  calices  are 
cup-like  tubes  encircling  the  apices  of  the  Malpighian  pyramids ;  but  inasmuch  as 
one  calyx  may  include  two  or  even  more  papillae,  their  number  is  generally  less 
than  the  pyramids  themselves,  the  former  being  from  seven  to  thirteen,  whilst  the 
latter  vary  from  eight  to  eighteen.  These  calices  converge  into  two  or  three 
tubular  divisions  which  by  their  junction  form  the  pelvis  or  dilated  portion  of  the 
ureter.  The  portion  last  mentioned,  where  the  pelvis  merges  into  the  ureter 
proper,  is  found  opposite  the  spinous  process  of  the  first  lumbar  vertebra,  in  which 
situation  it  is  accessible  behind  the  peritoneum  (see  Fig.  643,  page  942). 

The  ureter  proper  is  a  cylindrical  membranous  tube,  about  sixteen  inches  in 
length  and  of  the  diameter  of  a  goosequill,  extending  from  the  pelvis  of  the 
kidney  to  the  bladder.  Its  course  is  obliquely  downward  and  inward  through 
the  lumbar  region  into  the  cavity  of  the  pelvis,  where  it  passes  downward, 
forward,  anei  inward  across  that  cavity  to  the  base  of  the  bladder,  into  which  it 
then  opens  by  a  constricted  orifice,  after  having  passed  obliquely  for  nearly  an  inch 
between  its  muscular  and  mucous  coats. 

Relations. — In  its  course  it  rests  upon  the  Psoas  muscle,  being  covered  by 
the  peritoneum,  and  crossed  obliquely,  from  within  outward,  by  the  spermatic 
vessels ;  the  right  ureter  lying  close  to  the  outer  side  of  the  inferior  vena  cava. 
Opposite  the  first  piece  of  the  sacrum  it  crosses  either  the  common  or  external 
iliac  artery,  lying  behind  the  ileum  on  the  right  side  and  the  sigmoid  flexure 
of  thecolon  on  the  left.  In  the  pelvis  it  enters  the  posterior  false  ligament  of  the 
bladder  below  the  obliterated  hypogastric  artery,  the  vas  deferens  in  the  male 
passing  between  it  and  the  bladder.  In  the  female  the  ureter  passes  along 
the  sides  and  cervix  of  the  uterus  and  upper  part  of  the  vagina.  At  the  base  of 
the  bladder  it  is  situated  about  two  inches  from  its  fellow,  lying,  in  the  male, 
about  an  inch  and  a  half  behind  the  base  of  the  prostate,  at  the  posterior  angle  of 
the  trigone. 

Structure. — The  ureter  is  composed  of  three  coats — a  fibrous,  muscular,  and 
mucous. 

The  fibrous  coat  is  the  same  throughout  the  entire  length  of  the  duct,  being 
continuous  at  one  end  with  the  capsule  of  the  kidney  at  the  floor  of  the  sinus, 
whilst  at  the  other  it  is  lost  in  the  fibrous  structure  of  the  bladder. 

In  the  pelvis  of  the  kidney  the  muscular  coat  consists  of  two  layers,  longitudinal 
and  circular :  the  longitudinal  fibres  become  lost  upon  the  sides  of  the  papillje  at 
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the  extremities  of  the  calices ;  the  circular  fibres  may  be  traced  surrounding  the 
medullary  structure  in  the  same  situation.  In  the  ureter  proper  the  muscular 
fibres  are  very  distinct,  and  are  arranged  in  three  layers — an  external  longitudinal, 
a  middle  circular,  and  an  internal  layer,  less  distinct  than  the  other  two,  but 
having  a  general  longitudinal  direction.  According  to  Kolliker,  this  internal  layer 
is  only  found  in  the  neighborhood  of  the  bladder. 

The  mucous  coat  is  smooth,  and  presents  a  few  longitudinal  folds  which 
become  effaced  by  distension.  It  is  continuous  with  the  mucous  membrane  of  the 
bladder  below^,  whilst  it  is  prolonged  over  the  papillae  of  the  kidney  above.  Its 
epithelium  is  of  a  peculiar  character,  and  resembles  that  found  in  the  bladder.  It 
is  known  by  the  name  of  "  transitional  **  epithelium.  It  consists  of  several  layers 
of  cells,  of  which  the  innermost — that  is  to  say,  the  cells  in  contact  with  the 
urine — are  quadrilateral  in  shape,  with  a  concave  margin  on  their  outer  surface, 
into  which  fits  the  rounded  end  of  the  cells  of  the  second  layer.  These,  the  inter- 
mediate cells,  more  or  less  resemble  columnar  epithelium,  and  are  pear-shaped, 
with  a  rounded  internal  extremity  which  fits  into  the  concavity  of  the  cells  of  the 
first  layer,  and  a  narrow  external  extremity  which  is  wedged  in  between  the  cells 
of  the  third  laver.  The  external  or  third  Javer  consists  of  conical  or  oval  cells 
varying  in  number  in  different  parts,  and  presenting  processes  which  extend  down 
into  the  basement  membrane. 

The  arteries  supplying  the  ureter  are  branches  from  the  renal,  spermatic, 
internal  iliac,  and  inferior  vesical. 

The  nerves  are  derived  from  the  inferior  mesenteric,  spermatic,  and  pelvic 
plexuses. 

THE  SUFBAEENAL  CAPSULES. 

The  Suprarenal  Capsules  were  formerly  classified,  together  with  the  spleen, 
thymus,  and  thyroid,  under  the  head  of  "  ductless  glands/'  as  they  have  no  excretory 
duct.  They  are  two  small  flattened  glandular  bodies,  of  a  yellowish  color,  situated 
at  the  back  part  of  the  abdomen,  behind  the  peritoneum  and  immediately  in  front 
of  the  upper  part  of  each  kidney ;  hence  their  name.  The  right  one  is  somewhat 
triangular  in  shape,  bearing  a  resemblance  to  a  cocked  hat ;  the  left  is  more 
semilunar,  and  usually  larger  and  higher  than  the  right.  They  vary  in  size  in 
different  individuals,  being  sometimes  so  small  as  to  be  scarcely  detected ;  their 
usual  size  is  from  an  inch  and  a  quarter  to  nearly  two  inches  in  length,  rather  less 
in  width,  and  from  two  to  three  lines  in  thickness.  Their  average  weight  is  about 
a  drachm  each. 

Relations. — The  relations  of  the  suprarenal  capsules  differ  on  the  two  sides  of 
the  body.  The  rigtit  suprarenal  presents  on  its  anterior  surface  two  areas:  along 
its  upper  and  inner  borders  a  depressed  area,  which  is  in  contact  in  front  with  the 
under  surface  of  the  right  lobe  of  the  liver,  and  along  its  inner  border  with  the 
inferior  vena  cava  (Rolleston),  and  behind  rests  on  the  crus  of  the  Diaphragm ; 
over  the  remainder  of  the  anterior  surface  is  an  elevated  area,  which  is  covered  in 
front  by  peritoneum  passing  from  the  upper  part  of  the  kidney  to  the  under  sur- 
face of  the  liver,  and  behind  rests  on  the  upper  and  inner  part  of  the  kidney. 
The  left'  suprarenal  is  in  contact  by  its  anterior  surface,  superiorly,  with  the 
spleen;  below  and  internal  to  this  it  is  in  contact  with  the  peritoneum  forming 
the  lesser  sac,  which  separates  it  from  the  cardiac  extremity  of  the  stomach ;  and 
at  its  lower  part  it  is  covered  by  the  pancreas  and  splenic  artery,  and  is  therefore 
not  in  contact  with  the  peritoneum.  By  its  posterior  surface,  at  its  outer  and 
back  part,  it  rests  upon  the  kidney,  whilst  below  and  internally  it  is  in  contact 
with  the  left  crus  of  the  Diaphragm.  The  surface  of  the  suprarenal  gland  is  sur- 
rounded by  areolar  tissue  containing  much  fat,  and  closely  invested  by  a  thin 
fibrous  coat,  which  is  difficult  to  remove  on  account  of  the  numerous  fibrous  pro- 
cesses and  vessels  which  enter  the  organ  through  the  furrows  on  its  anterior  sur- 
face and  base. 

Small  accessory  supra renals  are  often   to  be  found  in  the  connective  tissue 
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around  the  euprarenals.     The  smaller  of  these,  on  section,  show  a  uniform  surface, 
but  in  Bome  of  the  larger  a  (iistinct  medulla  can  be  made  out. 

StiructHM.— On  making  a  perpendicular  section,  the  gland  is  seen  to  consist  of 
two  substances — external  or  cortical  and  internal  or  medullary.  The  former, 
which  constitutes  the  chief  part  of  the  organ,  ia 
of  a  deep-yellow  color.  The  medullary  sub- 
stance is  soft,  pulpy,  and  of  a  dark-brown  or 
black  color,  whence  the  name  airahUiary  cap- 
sules formerly  given  to  these  organs.  In  the 
centre  is  often  seen  a  space,  not  natural,  but 
formed  by  the  breaking  down  after  death  of  the 
medullary  substance. 


The  cortical  portion  consists  chiefly  of  narrow  columnar  masses  placed  perpen- 
dicularly to  the  surface.  This  arrangement  is  due  to  the  disposition  of  the  cap- 
sule, which  sends  into  the  interior  of  the  gland  processes  passing  in  vertically  and 
communicating  with  each  other  by  transverse  bands  ao  aa  to  form  spaces  which 
open  into  each  other.  These  spaces  are  of  slight  depth  near  the  surface  of  the 
organ,  so  that  there  the  section  somewhat  resembles  a  net ;  this  is  termed  the 
2ona  tfhmentlosa ;  but  they  become  much  deeper  or  longer  farther  in,  so  as  to 
resemble  pipes  or  tubes  placed  endwise,  the  zona  faicifulnta.  Still  deeper  down. 
near  the  medullary  part,  the  spaces  become  again  of  small  extent ;  this  is  nameil 
the  zona  mticularis.  These  processes  or  trabeculfe,  derived  from  the  capsule  nud 
forming  the  framework  of  the  spaces,  are  composed  of  Bbrous  connective  tissue 
with  longitudinal  bundles  of  unstriped  muscular  iibres.  Within  the  interior  of 
the  spaces  are  contained  groups  of  polyhednil  cells,  which  are  finely  granular  in 
appearance,  and  contain  a  spherical  nucleus,  and  not  unfrequently  fat -molecules. 
These  groups  of  cells  do  not  entirely  fill  the  spaces  in  which  they  are  contained. 
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but  between  them  and  the  trabeculae  of  the  framework  is  a  channel  which 
is  believed  to  be  a  lymph-path  or  sinus,  and  which  communicates  with  certain 
passages  between  the  cells  composing  the  group.  The  lymph-path  is  supposed 
to  open  into  a  plexus  of  efferent  lymphatic  vessels  which  are  contained  in  the 
capsule. 

In  the  medullary  portion  the  fibrous  stroma  seems  to  be  collected  together 
into  a  much  closer  arrangement,  and  forms  bundles  of  connective  tissue  which  are 
loosely  applied  to  the  large  plexus  of  veins  of  which  this  part  of  the  organ  mainly 
consists.  In  the  interstices  lie  a  number  of  cells  compared  by  Frey  to  those  of 
columnar  epithelium.  They  are  coarsely  granular,  do  not  contain  any  fat- 
molecules,  and  some  of  them  are  branched.  Luschka  has  affirmed  that  these 
branches  are  connected  with  the  nerve-fibres  of  a  very  intricate  plexus  which  is 
found  in  the  medulla :  this  statement  has  not  been  verified  by  other  observers, 
for  the  tissue  of  the  medullarv  substance  is  less  easv  to  make  out  than  that  of  the 
cortical,  owing  to  its  rapid  decomposition. 

The  numerous  arteries  which  enter  the  suprarenal  bodies  from  the  sources 
mentioned  below  penetrate  the  cortical  part  of  the  gland,  where  they  break  up 
into  capillaries  in  the  fibrous  septa,  and  these  converge  to  the  very  numerous  veins 
of  the  medullary  portion,  which  are  collected  together  into  the  suprarenal  vein, 
which  usually  emerges  as  a  single  vessel  from  the  centre  of  the  gland. 

The  arteries  supplying  the  suprarenal  capsules  are  numerous  and  of  large 
size ;  they  are  derived  from  the  aorta,  the  phrenic,  and  the  renal ;  they  sub- 
divide into  numerous  minute  branches  previous  to  entering  the  substance  of  the 
gland. 

The  suprarenal  vein  returns  the  blood  from  the  medullary  venous  plexus,  and 
receives  several  branches  from  the  cortical  substance ;  it  opens  on  the  right  side 
into  the  inferior  vena  cava,  on  the  left  side  into  the  renal  vein. 

The  lymphatics  terminate  in  the  lumbar  glands. 

The  nerves  are  exceedingly  numerous  :  they  are  found  chiefly,  if  not  entirely, 
in  the  medulla,  and  are  derived  from  the  solar  and  renal  plexuses,  and,  according 
to  Bergmann,  from  the  phrenic  and  pneumogastric  nerves.  They  have  numerous 
small  ganglia  developed  upon  them,  from  which  circumstance  the  organ  has  been 
conjectured  to  have  some  function  in  connection  with  the  sympathetic  nervous 
system. 

THE  CAVITY  OF  THE  PELVIS. 

The  cavity  of  the  pelvis  is  that  part  of  the  general  abdominal  cavity  which  is 
below  the  level  of  the  linea  ilio-pectinea  and  the  promontory  of  the  sacrum. 

Boundaries. — It  is  bounded  behind  by  the  sacrum,  the  coccyx,  the  Pyriformis 
muscle,  and  the  great  sacro-sciatic  ligaments  ;  in  front  and  at  the  sides  by  theossa 
pubis  and  ischia,  covered  by  the  Obturator  muscles;  above,  it  communicates  with 
the  cavity  of  the  abdomen ;  and  below,  the  outlet  is  closed  bv  the  triangular 
ligament,  the  Levatores  ani  and  Coccygei  muscles,  and  the  visceral  layer  of  the 
pelvic  fascia,  which  is  reflected  from  the  wall  of  the  pelvis  on  to  the  viscera. 

ContentB. — The  viscera  contained  in  this  cavity  are — the  urinary  bladder,  the 
rectum,  and  some  of  the  generative  organs  peculiar  to  each  sex,  and  some  convo- 
lutions of  the  small  intestines ;  they  are  partially  covered  by  the  peritoneum, 
and  supplied  with  blood-vessels,  lymphatics,  and  nerves. 

THE  BLADDEB. 

The  bladder  is  the  reservoir  for  the  urine.  It  is  a  musculo-membranous  sac 
situated  in  the  pelvis,  behind  the  pubes,  and  in  front  of  the  rectum  in  the  male, 
the  uterus  and  vagina  intervening  between  it  and  that  intestine  in  the  female. 
The  shape,  position,  and  relations  of  the  bladder  are  greatly  influenced  by  age, 
sex,  and  the  degree  of  distension  of  the  organ.  During  infancy  it  is  conical  in 
shape,  and  projects  above  the  upper  border  of  the  os  pubis  into  the  hypogastric 
region.     In  the  adult,  when  (juite  empty  and  contracted,  it  is  a  small  triangular 
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sac,  placed  deeply  in  the  pelvis,  flattened  from  before  backward,  its  apex  reaching 
as  high  as  the  upper  border  of  the  symphysis  pubis.  When  slightly  distended  it 
has  a  rounded  form,  and  ia  still  contained  within  the  pelvic  cavity;  and  when 
greatly  distended  it  is  ovoid  in  shape,  rising  into  the  abdominal  cavity,  and  often 
extending  nearly  as  high  as  the  umbilicus,  li  is  larger  in  its  vertical  diameter  than 
from  side  to  side,  and  its  long  axis  is  directed  from  above  obi iijueiy  downward  and 
backward,  in  a  line  directed  from  some  point  between  the  os  pubis  and  umbilicus 
(according  to  its  distension)  to  the  end  of  the  coccyx.  The  bladder,  when  distended, 
is  slightly  curved  forward  toward  the  anterior  wall  of  the  abdomen,  so  as  to  be 
more  convex  behind  than  in  front.  In  the  female  it  is  larger  in  the  transverse  llian 
in  the  vertical  diameter,  and  its  capacity  is  said  to  be  greater  than  in  the  male' 


Fio.  599.~Vi;rtl<'a1  eeptfon  of  blmlder,  peuls.  and  uretlira. 

When  moderately  distended  it  measures  about  five  inches  in  length  and  three 
inches  across,  and  the  ordinary  amount  which  it  contains  is  about  a  pint. 

The  bladder  is  divided  into  a  summit,  body,  base,  and  neck. 

The  iuvtmit  or  apex  of  the  bladder  is  rounded  and  directed  forward  and 
upward;  it  is  connected  to  the  umbilicus  by  a  fibro-muscular  cord,  the  vrncAa*. 
The  summit  of  the  bladder  behind  the  urachua  is  covered  by  peritoneum,  whihi 
the  portion  in  front  of  the  urachus  has  no  peritoneal  covering,  but  rests  against  the 
abdominal  wall. 

The  ttracbaa  is  the  obliterated  remains  of  a  tubular  canal  which  exists  in  the 
embryo,  and  connects  the  cavity  of  the  bladder  with  a  membranous  sac  placed 
external  to  the  abdomen,  opposite  the  umbilicus,  called  the  allantoic.  It  passes 
upward  from  the  apex  of  the  bladder  between  the  transversalis  fascia  and  )>eri- 
toneum,  becoming  thinner  as  it  ascends.      On  each  side  of  it  ia  placed  a  fibrous 

'  According  to  Henle,  the  bladder  is  cungiilcrablv  smaller  in  the  female  than  in  the  male. 
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cord,  the  obliterated  portion  of  the  hypogastric  artery,  which,  passiDg  upward  from 
the  side  of  the  bladder,  approaches  the  urachus  above  its  summit.  In  the  infant, 
at  birth,  it  is  occasionally  found  pervious,  so  that  the  urine  escapes  at  the  umbilicus, 
aud  calculi  have  been  found  in  its  canal. 

The  body  of  the  bladder  is  not  covered  in  front  by  peritoneum,  but  is  in 
relation  with  the  triangular  ligament,  the  posterior  surface  of  the  symphysis  pubis, 
the  Internal  obturator  muscles,  and,  when  distended,  with  the  abdominal  parietes. 

The  posterior  surface  is  covered  by  peritoneum.  It  corresponds,  in  the  male, 
with  the  rectum ;  in  the  female,  with  the  uterus,  some  convolutions  of  the  small 
intestine  being  interposed. 

The  side  of  the  bladder  is  crossed  obliquely  from  below,  upward  and  forward. 


interior  crvral        External  Mique 


Fig.  GOQ.— Frontal  secllDn  of  the  lower  part  o(  the  nbdomen.    Viewed  from  the  IVont.    (Braune.) 

by  the  obliterated  hypogastric  artery;  above  and  behind  this  cord  the  bladder  is 
covered  by  peritoneum,  but  below  and  in  front  of  it  the  serous  covering  is  wanting, 
and  it  is  connected  to  the  pelvic  fascia.  The  vas  deferens  passes,  in  an  arched 
direction,  from  before  backward,  along  the  side  of  the  bladder,  toward  its  base- 
crossing  in  its  course  the  obliterated  nypogastric  artery,  and  passing  along  the 
inner  side  of  the  ureter. 

The  base  (fundus)  of  the  bladder  is  directed  downward  and  backward.  It 
varies  in  extent  according  to  the  state  of  distension  of  the  organ,  being  very  broad 
when  full,  but  much  narrower  when  empty.  In  the  male  it  rests  upon  the  second 
portion  of  the  rectum,  from  which  it  is  separated  by  a  reflection  of  the  reeto-vesicnl 
fascia.  It  is  covered  posteriorly,  for  a  slight  extent,  by  the  peritoneum,  which  is 
reflected  from  it  upon  the  rectum,  forming  the  recto-vesical  fold.  The  portion  of 
the  bladder  in  relation  with  the  rectum  corresponds  to  a  triangular  space  bounded 
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in  front  bj'  the  prostate  gland,  beliind  by  the  reeto-vesical  fold  of  the  peritoneuni. 
and  on  each  side  by  the  vesicula  seminalis  and  vas  deferens.  It  is  separated  from 
direct  contact  with  the  rectum  by  the  recto-vesical  fascia.  When  the  bladder  is 
very  full  the  peritoneal  fold  is  raised  with  it,  and  the  distance  between  ils  reflection 
and  the  anus  is  about  four  inches  ;  but  this  distance  is  much  diminished  when  th« 
bladder  is  empty  and  contracted.  In  the  female  the  base  of  the  bladder  lies  in 
contact  with  the  lower  part  of  the  cervix  uteri,  is  adherent  to  the  anterior  wall  of 
the  vagina,  and  separated  from  the  npper  part  of  the  anterior  surface  of  the  cervix 
uteri  by  a  fold  of  the  peritoneum. 

The  so-called  neek  (cervix)  of  the  bladder  is  the  point  of  commencement  of 
the  urethra;  there  is,  however,  no  tapering  part,  which  would  constitute  a  tme 


Fig.  601.— Vertical  medlsn  leolion  of  the  male  pelvts.    (Henle,) 

neck,  but  the  bladder  suddenly  contracts  to  the  opening  of  the  urethra.  In  the 
male  its  direction  is  obliijue  in  the  erect  posture,  and  it  ia  surrounded  by  ihe 
prostate  gland.     In  the  female  its  direction  is  obliquely  downward  and  forward. 

Ligaments. — The  bladder  is  retained  in  its  place  by  ligaments  which  are  divided 
into  true  and  false.  The  true  ligaments  are  five  in  number:  two  anterior,  two 
lateral,  and  the  urachua.  The  false  ligaments,  also  five  in  number,  are  formed  by 
folds  of  the  peritoneum. 

The  anterior  liii/aments  {pubo-proetalii-)  extend  from  the  hack  of  the  os  pubis, 
one  on  each  side  of  the  symphysis,  to  the  front  of  the  neck  of  the  bladder,  over  the 
upper  surface  of  the  prostate  gland.  Those  ligaments  are  fonued  by  the  recto- 
vesical fascia,  and  contain  a  few  muscular  fibres  prolonged  from  the  bladder. 
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The  lateral  ligaments^  also  formed  by  the  recto-vesical  fascia,  are  broader  and 
thinner  than  the  preceding.  They  are  attached  to  the  lateral  parts  of  the  prostate 
and  to  the  sides  of  the  base  of  the  bladder. 

The  uraehus  is  the  fibro-muscular  cord  already  mentioned,  extending  between 
the  summit  of  the  bladder  and  the  umbilicus.  It  is  broad  below,  at  its  attach- 
ment to  the  bladder,  and  becomes  narrower  as  it  ascends. 

The  false  ligaments  of  the  bladder  are — two  posterior,  two  lateral,  and  one 
superior. 

The  ttvo  posterior  pass  forward,  in  the  male,  from  the  sides  of  the  rectum ;  in 
the  female,  from  the  sides  of  the  uterus  to  the  posterior  and  lateral  aspect  of  the 
bladder ;  they  form  the  lateral  boundaries  of  the  recto-vesical  fold  of  the  perito- 
neum, and  contain  the  obliterated  hypogastric  arteries  and  the  ureters,  together 
with  vessels  and  nerves. 

The  two  lateral  ligaments  are  reflections  of  the  peritoneum  from  the  iliac  fossae 
to  the  sides  of  the  bladder. 

The  superior  ligament  is  the  prominent  fold  of  peritoneum  extending  from  the 
summit  of  the  bladder  to  the  umbilicus.  It  covers  the  uraehus  and  the  obliterated 
hypogastric  arteries. 

Structure. — The  bladder  is  composed  of  four  coats — serous,  muscular,  sub- 
mucous, and  mucous. 

The  serous  coat  is  partial,  and  derived  from  the  peritoneum.  It  invests  the 
posterior  surface,  from  opposite  the  termination  of  the  two  ureters  to  its  summit, 
and  is  reflected  from  this  point  and  from  the  sides  on  to  the  abdominal  and  pelvic 
walls. 

The  muscular  coat  consists  of  three  layers  of  unstriped^ muscular  fibre:  an 
external  layer,  composed  of  fibres  having  for  the  most  part  a  longitudinal  arrange- 
ment ;  a  middle  layer,  in  which  the  fibres  are  arranged,  more  or  less,  in  a  circular 
manner ;  and  an  internal  layer,  in  which  the  fibres  have  a  general  longitudinal 
arrangement. 

The  fibres  of  the  external  longitudhial  layer  arise  from  the  posterior  surface  of 
the  body  of  the  os  pubis  in  both  sexes  (musculi  puio-vesicalis\  and  in  the  male  from 
the  adjacent  part  of  the  prostate  gland  and  it3  capsule.  They  pass,  in  a  more  or 
less  longitudinal  manner,  up  the  anterior  surface  of  the  bladder,  over  its  apex, 
and  then  descend  along  its  posterior  surface  to  its  base,  where  they  become 
attached  to  the  prostate  in  the  male  and  to  the  front  of  the  vagina  in  the  female. 
At  the  sides  of  the  bladder  the  fibres  are  arranged  obliquely  and  intersect  one 
another.     This  layer  has  been  named  the  detrusor  urince  muscle. 

The  middle  circular  layers  are  very  thinly  and  irregularly  scattered  on  the  body 
of  the  organ,  and,  though  to  some  extent  placed  transversely  to  the  long  axis  of  the 
bladder,  are  for  the  most  part  arranged  obliquely.  Toward  the  lower  part  of  the 
bladder,  round  the  cervix  and  commencement  of  the  urethra,  they  are  disposed  in 
a  thick  circular  layer,  forming  the  sphincter  vesicce,  which  is  continuous  with  the 
muscular  fibres  of  the  prostate  gland. 

The  internal  longitudinal  layer  is  thin,  and  its  fasciculi  have  a  reticular 
arrangement,  but  with  a  tendency  to  assume  for  the  most  part  a  longitudinal 
direction. 

Two  bands  of  oblique  fibres,  originating  behind  the  orifices  of  the  ureters, 
converge  to  the  back  part  of  the  prostate  gland,  and  are  inserted,  by  means  of  a 
fibrous  process,  into  the  middle  lobe  of  that  organ.  They  are  the  muscles  of  the 
ureters,  described  by  Sir  C.  Bell,  who  supposed  that  during  the  contraction  of  the 
bladder  they  served  to  retain  the  oblique  direction  of  the  ureters,  and  so  prevent 
the  reflux  of  the  urine  into  them.  * 

The  submtLcous  coat  consists  of  a  layer  of  areolar  tissue  connecting  together  the 
muscular  and  mucous  coats,  and  intimately  united  to  the  latter. 

The  mucous  coat  is  thin,  smooth,  and  of  a  pale  rose  color.  It  is  continuous 
through  the  ureters  with  the  lining  membrane  of  the  uriniferous  tubes,  and  below 
with  that  of  the  urethra.     It  is  connected  loosely  to  the  muscular  coat  by  a  layer 
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of  areolar  tissue,  excepting  at  the  trigone,  where  its  adhesion  is  more  close.  It  is 
provided  with  a  few  mucous  follicles,  and  numerous  small  racemose  glands  lined 
with  columnar  epithelium  exist  near  the  neck  of  the  organ.  The  epithelium 
covering  it  is  of  the  transitional  variety,  consisting  of  a  superficial  layer  of  poly- 
hedral, flattened  cells,  each  with  one,  two,  or  three  nuclei ;  beneath  these  a 
stratum  of  large  club-shaped  cells,  with  the  narrow  extremity  directed  downward 
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Fig.  602.— Superficial  layer  of  the  epithelium  of 
the  bladder.  Composed  of'polyhedral  cells  of  vari- 
ous sizes,  each  with  one,  two,  or  three  nuclei. 
(Klein  and  Noble  Smith.) 


Fig.  (503.— Deep  layers  of  epithelium  of  bladder 
showing  laree  club-shaped  cells  above,  and  smaller, 
more  spindle-shaped  cells  below,  each  with  an 
oval  nucleus.    (Klein  and  Noble  Smith.) 


and  wedged  in  between  smaller  spindle-shaped  cells,  containing  an  oval  nucleus 
(Figs.  602,  603). 

Objects  Seen  on  the  Inner  Surface, — Upon  the  inner  surface  of  the  bladder 
are  seen  the  orifices  of  the  ureters,  the  trigone,  and  the  commencement  of  the 
urethra. 

The  Orifices  of  the  Ureters, — These  are  situated  at  the  base  of  the  trigone, 
being  distant  from  each  other  by  about  two  inches ;  they  are  about  an  inch  and  a 
half  from  the  base  of  the  prostate  and  the  commencement  of  the  urethra. 

The  trigonum  vesicce^  or  trigone  vesical^  is  a  triangular  smooth  surface,  with  the 
apex  directed  forward,  situated  at  the  base  of  the  bladder  immediately  behind  the 
urethral  orifice.  It  is  paler  in  color  than  the  rest  of  the  mucous  membrane,  and 
never  presents  any  rugae,  even  in  the  collapsed  condition  of  the  organ,  owing  to 
its  intimate  adhesion  to  the  subjacent  tissue.  It  is  bounded  at  each  posterior 
angle  by  the  orifices  of  the  ureters,  which  are  placed  nearly  two  inches  from  each 
other  and  about  an  inch  and  a  half  behind  the  orifice  of  the  urethra.  The  trigone 
corresponds  with  the  interval  at  the  base  of  the  bladder,  bounded  by  the  prostate 
in  front  and  the  vesiculae  seminales  and  vasa  deferentia  on  the  sides.  Projecting 
from  the  lower  and  anterior  part  of  the  bladder  into  the  orifice  of  the  urethra  is  a 
slight  elevation  of  mucous  membrane  called  the  uvula  vesicce.  It  is  formed  by  a 
thickening  of  the  submucous  tissue. 

The  arteries  supplying  the  bladder  are  the  superior,  middle,  and  inferior  vesi- 
cal in  the  male,  with  additional  branches  from  the  uterine  and  vaginal  in  the 
female.  They  are  all  derived  from  the  anterior  trunk  of  the  internal  iliac. 
The  obturator  and  sciatic  arteries  also  supply  small  visceral  branches  to  the 
bladder. 

The  veins  form  a  complicated  plexus  round  the  neck,  sides,  and  base  of  the 
bladder,  and  terminate  in  the  internal  iliac  vein. 

The  lymphatics  accompany  the  blood-vessels,  passing  through  the  glands  sur- 
rounding them. 

The  nerves  are  derived  from  the  pelvic  plexus  of  the  sympathetic  and  from 
the  third  and  the  fourth  sacral  nerves ;  the  former  supplying  the  upper  part  of 
the  organ,  the  latter  its  base  and  neck.  According  to  F.  Darwin,  the  sympa- 
thetic fibres  have  ganglia  connected  with  them,  which  send  branches  to  the  ves- 
sels and  muscular  coat. 

Surface  Form. — ^The  surface  form  of  the  bladder  varies  with  its  degree  of  distension  and 
under  other  circumstances.     In  the  young  child  it  is  represented  by  a  conical  figure,  the  apex 
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of  which,  even  when  the  viscus  is  empt\\  is  situated  in  the  hypogastric  legion,  about  tm  inch 
above  the  level  of  the  B}-mphysis  pubis.  In  the  aduli,  when  the  bladder  is  empty,  its  apex  does 
not  reach  above  the  level  of  the  upper  border  of  the 
symphfsis  pubis,  and  the  whole  organ  is  situated  in 
the  pelvis;  the  neck,  in  the  male,  corresponding  to  a 
line  drawn  horizontally  backward  through  the  symphysis 
a  little  below  its  middle.  As  the  bladder  becomes  dis- 
tended it  ^mdually  rises  out  of  the  pelvis  into  the 
abdomen,  and  forms  a  swelling  in  the  bypoaastrio 
region  which  is  perceptible  to  the  hand  as  well  as  to 
percussion.  In  eilreme  distension  it  reaches  into  the 
umbilical  region.  Under  these  circumstances  it  is 
clasely  applied  to  the  abdominal  wall,  without  the 
intervention  of  peritoneum,  so  that  it  can  be  tapped  by 
an  opening  in  the  middle  line  just  above  the  pubc^ 
without  any  fear  of  woundii^g  the  serous  membrane. 
When  the  rectum  is  distended  the  prostatic  portion  of 
the  urethra  is  elongated  and  (be  bladder  hiled  out  of 
the  pelvis  and  the  peritoneum  pushed  upward.  Ad- 
vantage is  taken  of  this  in  performing  the  operation  of 
suprapubic  cystotomy.  The  rectum  is  distended  by  an 
india-rubber  bag,  which  is  introduced  into  this  cavity 
empty,  and  then  filled  with  ten  or  twelve  ounces  of 
water.  If  now  the  bhidder  is  injected  with  about  half  '""iW 
a  pint  of  some  antiseptic  fluid,  it  will  appear  above  the 
pubes,  plainly  perceptible  to  the  sight  and  touch.  The 
peritoneum  will  be  pushed  out  of  the  way,  and  an  in- 
cision three  inches  long  may  be  made  in  the  linea  alba  orijtca 
from  the  symphysis  pubis  upward  without  onj'  great  of  Cow 
risk  of  wounding  the  peritoneum. 

When  distended  the  bladder  can  be  felt  in  the 
male,  from  the  rectum,  behind  tlie  prostate,  and  fluc- 
tuation can  be  perceived  by  a  bimanual  examination, 
one  finger  being  introduced  into  the  rectum  and  the 
distended  bladder  tapped  on  the  front  of  the  abdomen 
with  the  flnger  of  the  other  hand.  This  portion  of  the 
bladder— that  is,  the  portion  felt  in  the  rectum  by  the 
finger — is  also  uncovered  by  peritoneum,  and  the  blad- 
der mav  here  be  punctured  from  the  rectum,  in  the 
middle  line,  without  risk  of  wounding  the  serous  rocm- 

Sur^cal  Anatom?-— A  defect  of  development  In 
which  the  bladder  is  implicated  is  known  under  the 
name  of  eximveriton  of  Ike  bladder.  In  this  condition 
the  lower  part  of  the  abdominal  wall  and  the  anterior 
wall  of  the  bladder  are  wanting,  so  that  the  posterior 
surface  of  the  bladder  presents  on  the  abdominal  sur- 
face, and  is  pushed  forward  by  the  pressure  of  the  vis-  fio,  604,— The  bladder  sod  urelhr*  Ikld 
cera  within  the  abdomen,  forming  a  red  vascular  tumor  open-  seen  from  above, 
on  which  the  openings  of  the  ureters  are  visible.     The 

penis,  except  the  glans,  is  rudimentary  and  is  cleft  on  its  dorsal  surface,  exposing  the  floor  of 
the  urethra — a  condition  known  as  epitpadiag.  The  pelvic  bones  are  also  arrested  in  develop- 
ment (see  page  28.^). 

The  bladder  may  be  ruptured  by  violence  applied  to  the  abdominal  wall,  when  the  viscus 
is  distended  without  any  injury  to  the  bony  pelvis,  or  it  may  be  torn  in  eases  of  fracture  of  the 
pelris.  The  rupture  may  be  either  intrapentoneal  or  extraperitoneal— that  is,  may  implicate  the 
posterior  surface  of  the  bladderin  the  Ibrmer  case,  oribeanteriorsurface  in  the  Utter.  Rupture 
of  the  anterior  surface  alone  is,  however,  verv  rare.  Until  recently  intraperitoneal  rupture  was 
aniformly  fatal,  but  now  abdominal  section  and  suturing  the  rent  with  Lembert's  suture  is  resorted 
to,  with  a  verj'  considerable  amount  of  success.  The  sutures  are  inserted  only  llirougb  the  |)eri- 
toneal  and  muscular  coats  in  such  a  way  as  to  bring  the  serous  surlaces  at  the  margins  of  the 
wound  into  apposition,  and  one  is  inserted  just  beyond  each  end  of  the  wound.  The  bladder 
should  be  tested  as  to  whether  it  is  water-tight  before  closing  the  external  wound. 

The  muscular  coat  of  the  bladrler  undergoes  hypertrophy  in  cases  in  which  there  is  any 
obstruction  to  the  flow  of  urine.  Under  these  circumstances  the  bundles  of  which  the  muscular 
coat  consists  become  much  increased  in  size,  and,  interlacing  in  all  directions,  give  rise  to  what 
is  known  as  the /'lacieulated  bladder.  Between  these  bundles  of  muscular  fibres  the  mucous  mem- 
brane may  bulge  out,  forming  sacculi,  constituting  the  tnccnlaled  bladder,  and  in  these  little 
pouches  phosphatic  secretions  may  collect,  forming  airi/iilnl  c'dcidi.  The  mucous  membrane  is 
verj-  loose  and  lax,  except  over  the  trigone,  to  allow  of  the  distension  of  the  viscus. 

Various  forms  of  tumor  have  been  found  springing  from  the  wall  of  the  bladder.     The 
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iDnocent  tumors  are  the  papilloma  and  the  mucous  polypus,  arising  from  the  mucous  membrane; 
the  fibrous,  from  the  submucous  tissue;  and  the  myoma,  originating  in  the  muscular  tissue; 
and,  very  rarely,  dermoid  tumors,  the  exact  origin  of  which  it  is  difficult  to  explain.  Of  the 
maliraant  tumors,  epithelioma  is  the  most  common,  but  sarcomata  are  occasionally  found  in  the 
bladder  of  children. 

Puncture  of  the  bladder  may  be  performed  either  above  the  pubes  or  through  the  rectum, 
in  both  cases  without  wounding  the  peritoneum.  The  former  plan  is  generally  to  be  preferred, 
since  in  puncture  by  the  rectum  a  permanent  fistula  may  be  left  from  abscess  forming  between 
the  rectum  and  the  bladder;  or  pelvic  cellulitis  may  be  set  up;  moreover,  it  is  exce^ngly 
inconvenient  to  keep  a  cannula  in  the  rectum.  In  some  cases  in  performing  this  operation  the 
recto- vesical  pouch  of  peritoneum  has  been  wounded,  inducing  fatal  peritonitis.  The  operation, 
therefore,  has  been  almost  completely  abandoned. 

THE  MALE  URETHRA. 

The  urethra  in  the  male  extends  from  the  neck  of  the  bladder  to  the  meatus 
urinarius.  It  presents  a  double  curve  in  the  flaccid  state  of  the  penis,  but  in  the 
erect  state  it  forms  only  a  single  curve,  the  concavity  of  which  is  directed  upward 
(Fig.  599).  Its  length  varies  from  eight  to  nine  inches,  and  it  is  divided  into 
three  portions,  the  prostatic^  membranouSy  and  spongi/,  the  structure  and  relations 
of  which  are  essentially  different.  Except  during  the  passage  of  the  urine  or 
semen  the  urethra  is  a  mere  transverse  cleft  or  slit,  with  its  upper  and  under 
surfaces  in  contact.  At  the  orifice  of  the  urethra  at  the  end  of  the  penis  the  slit 
is  vertical,  and  in  the  prostatic  portion  somewhat  arched. 

The  Prostatic  Portion  is  the  widest  and  most  dilatable  part  of  the  canal.  It 
passes  through  the  prostate  gland,  from  its  base  to  its  apex,  lying  nearer  its  upper 
than  its  lower  surface.  It  is  about  an  inch  and  a  quarter  in  length  ;  the  form  of 
the  canal  is  spindle-shaped,  being  wider  in  the  middle  than  at  either  extremity,  and 
narrowest  in  front,  where  it  joins  the  membranous  portion.  A  transverse  section  of 
the  canal  as  it  lies  in  the  prostate  is  horseshoe  in  shape,  the  convexity  being 
directed  upward  (Fig.  605). 

Upon  the  floor  of  the  canal  is  a  narrow  longitudinal  ridge,  the  venimontamm, 
or  caput  gallinaginis,  formed  by  an  elevation  of  the  mucous  membrane  and  its 
subjacent  tissue.  It  is  eight  or  nine  lines  in  length  and  a  line  and  a  half  in 
height,  and  contains,  according  to  Kobelt,  muscular  and  erectile  tissues.  When 
distended  it  may  serve  to  prevent  the  passage  of  the  semen  backward  into  the 
bladder.  On  each  side  of  the  verumontanum  is  a  slightly  depressed  fossa,  the 
prostatic  sinus^  the  floor  of  which  is  perforated  by  numerous  apertures,  the  onfices 
of  the  prostatic  ducts,  the  ducts  of  the  middle  lobe  opening  behind  the  verumon- 
tanum. At  the  fore  part  of  the  verumontanum,  in  the  middle  line,  is  a  depression, 
the  siiius  pocularis  (yesicula  prostatica),  and  upon  or  within  its  margins  are  the 
slit-like  openings  of  the  ejaculatory  ducts.  The  sinus  pocularis  forms  a  cnl-de-sac 
about  a  quarter  of  an  inch  in  length,  which  runs  upward  and  backward  in  the 
substance  of  the  prostate  beneath  the  middle  lobe  ;  its  prominent  upper  wall  partly 
forms  the  verumontanum.  Its  walls  are  composed  of  fibrous  tissue,  muscular 
fibres,  and  mucous  membrane,  and  numerous  small  glands  open  on  its  inner 
surface.  It  has  been  called  by  Weber,  who  discovered  it,  the  uterus  mascuKnus, 
from  its  being  developed  from  the  united  ends  of  the  rudimentary  MUllerian  ducts, 
and  therefore  homologous  with  the  uterus  in  the  female. 

The  Membranous  portion  of  the  urethra  extends  between  the  apex  of  the 
prostate  and  the  bulb  of  the  corpus  spongiosum.  It  is  the  narrowest  part  of  the 
canal  (excepting  the  orifice),  and  measures  three-quarters  of  an  inch  along  its 
upper  and  half  an  inch  along  its  lower  surface,  in  consequence  of  the  bulb 
projecting  backward  beneath  it.  Its  upper  concave  surface  is  placed  about  an 
inch  beneath  the  pubic  arch,  from  which  it  is  separated  by  the  dorsal  vessels  and 
nerves  of  the  penis  and  some  muscular  fibres.  Its  lower  convex  surface  is 
separated  from  the  rectum  by  a  triangular  space,  which  constitutes  the  perinaeum. 
The  membranous  portion  of  the  urethra  perforates  both  the  anterior  and  posterior 
layers  of  the  deep  perineal  fascia,  and  receives  an  investment  from  them.  As  it 
pierces  the  posterior  layer,  the  fibres  around  the  opening  are  prolonged  backward 
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over  the  posterior  part  of  the  membranous  portion  of  the  urethra,  and  as  it  pierces 
the  anterior  layer,  a  similar  prolongation  takes  place  in  the  opposite  direction, 
investing  the  anterior  part  of  the  membranous  portion.  It  is  also  surrounded  by 
the  Compressor  urethrce  muscle. 

The  Spongy  portion  is  the  longest  part  of  the  urethra,  and  is  contained  in  the 
corpus  spongiosum.  It  is  about  six  inches  in  length,  and  extends  from  the 
termination  of  the  membranous  portion  to  the  meatus  urinarius.  Commencing 
below  the  symphysis  pubis,  it  ascends  for  a  short  distance  and  then  curves  down- 
ward. It  is  narrow  and  of  uniform  size  in  the  body  of  the  penis,  measuring 
about  a  quarter  of  an  inch  in  diameter,  being  dilated  behind,  within  the  bulb, 
and  again  anteriorly  within  the  glans  penis,  where  it  forms  the  fossa  navicularis. 

The  Bulbous  portion  is  a  name  given,  in  some  descriptions  of  the  urethra,  to 
the  posterior  part  of  the  spongy  portion  contained  within  the  bulb. 

The  meatus  urinarius  is  the  most  contracted  part  of  the  urethra ;  it  is  a  vertical 
slit,  about  three  lines  in  length,  bounded  on  each  side  by  two  small  labia. 

The  inner  surface  of  the  lining  membrane  of  the  urethra,  especially  on  the  floor 
of  the  spongy  portion,  presents  the  orifices  of  numerous  mucous  glands  and  follicles 
situated  in  the  submucous  tissue,  and  named  the  glands  of  Littre.  They  vary  in 
size,  and  their  orifices  are  directed  forward,  so  that  they  may  easily  intercept  the 
point  of  a  catheter  in  its  passage  along  the  canal.  One  of  these  lacunae,  larger  than 
the  rest,  is  situated  in  the  upper  surface  of  the  fossa  navicularis,  about  an  inch  and 
a  half  from  the  orifice ;  it  is  called  the  lacuna  magna*  Into  the  bulbous  portion 
are  found  opening  the  ducts  of  Cowper*s  glands. 

Structure. — The  urethra  is  composed  of  a  continuous  mucous  membrane, 
supported  by  a  submucous  tissue  which  connects  it  with  the  various  structures 
through  which  it  passes. 

The  mucous  coat  forms  part  of  the  genito-urinary  mucous  membrane.  It  is 
continuous  with  the  mucous  membrane  of  the  bladder,  ureters,  and  kidneys ; 
externally  with  the  integument  covering  the  glans  penis ;  and  is  prolonged  into 
the  ducts  of  the  glands  which  open  into  the  urethra — viz.  Cowper's  glands  and  the 
prostate  gland — and  into  the  vasa  deferentia  and  vesiculse  seminales  through  the 
ejaculatory  ducts.  In  the  spongy  and  membranous  portions  the  mucous  membrane 
is  arranged  in  longitudinal  folds  when  the  organ  is  contracted.  Small  papillae 
are  found  upon  it  near  the  orifice,  and  its  epithelial  lining  is  of  the  columnar 
variety,  excepting  near  the  meatus,  where  it  is  squamous. 

The  submucous  tissue  consists  of  a  vascular  erectile  layer,  outside  which  is  a 
layer  of  unstriped  muscular  fibres,  arranged  in  a  circular  direction,  which  sepa- 
rates the  mucous  membrane  and  submucous  tissue  from  the  tissue  of  the  corpus 
spongiosum. 

Surgical  Anatomy . — The  urethra  may  be  ruptured  by  the  patient  falling  astride  of  any 
hard  substance  and  striking  his  perin£eum,so  that  tne  urethra  is  emshed  against  the  pubic  arch. 
Bleeding  will  at  once  take  place  from  the  urethra,  and  this,  together  with  the  bruising  in  the 
perinaeum  and  the  history  of  the  accident,  will  at  once  point  to  the  nature  of  the  injury. 

The  surgical  anatomy  of  the  urethra  is  of  considerable  importance  in  connection  with  the 
passage  of  instruments  into  the  bladder.  Otis  was  the  first  to  point  out  that  the  urethra  is 
capable  of  great  dilatability,  so  that,  excepting  through  the  external  meatus,  an  instrument  cor- 
responding to  18  English  gauge  (29  Frenen)  can  usually  be  passed  without  dainage.  The  orifice 
of  the  urethra  is  not  .so  dilatable,  and  therefore  frequently  requires  slitting.  A  recognition  of 
this  dilatability  caused  Bigelow  to  very  considerably  modify  the  operation  of  lithotrity  and  intro- 
duce that  of  litholapaxy.  In  passing  catheters,  especially  fine  ones,  the  point  of  the  instrument 
should  be  kept  as  far  as  possible  along  the  upper  wall  of  the  canal,  as  the  point  is  otherwise  very 
liable  to  enter  one  of  the  lacunae.  Stricture  of  the  urethra  is  a  disease  of  very  common  occur- 
rence, and  is  generally  situated  in  the  spongy  portion  of  the  urethra,  most  commonly  in  the 
bulbous  portion,  just  m  front  of  the  membranous  urethra,  but  in  a  very  considerable  number  of 
cases  in  the  penile  or  ante-scrotal  part  of  the  canal. 
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THE  FSOSTATE  OLAin). 

THE  Prostate  GUnd  {jzpotaTTjfu,  to  Btaod  before)  is  a  pale,  firm,  glandular  bodj, 
whicb  is  placed  immediately  in  front  of  the  neck  of  the  bladder  and  around 
the  commencement  of  the  urethra.  It  is  placed  in  the  pelvic  cavity,  behind  ami 
below  the  symphysis  pubis,  posterior  to  the  deep  perineal  fascia,  and  rests  upon  the 


rectum,  through  which  it  may  be  distinctly  felt,  especially  when  enlarged.  In 
shape  and  size  it  resembles  a  chestnut. 

Its  base  is  directed  backward  toward  tbe  neck  of  the  bladder. 

Its  apfx  is  directed  forward  to  the  deep  perineal  fascia,  which  it  touches. 

Its  under  surface  is  smooth,  marked  by  a  slight  longitudinal  furrow,  and  rests 
on  the  rectum,  to  which  it  is  connected  by  den.se  areolar  tissue. 

Its  tipper  surface  is  flattened,  marked  by  a  slight  longitudinal  furrow,  and  placeil 
about  three-quarters  of  an  inch  below  the  pubic  symphysis. 

It  measures  about  an  inch  and  a  half  in  its  transverse  diameter  at  the  base,  an 
inch  in  its  antero-piwterior  diameter,  and  three-quartei-s  of  an  inch  in  depth.  Its 
weight  is  about  six  drachms.  It  is  held  in  its  position  by  the  anterior  ligaments  of 
the  bladder  ( puhft-prostatic) ;  by  the  posterior  layer  of  the  deepperineal  fascia,  which 
invests  the  commencement  of  the  membranous  portion  of  the  urethra  and  prostate 
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gland ;  and  by  the  anterior  portion  of  the  Levator  ani  muscle  (levator  prostatct), 
which  passes  down  on  each  side  from  the  symphysis  pubis  and  anterior  ligament 
of  the  bladder  to  the  sides  of  the  prostate. 

The  prostate  consists  of  two  lateral  lobes  and  a  middle  lobe. 

The  two  lateral  lobes  are  of  equal  size,  separated  by  a  deep  notch  behind,  and 
by  a  slight  furrow  upon  their  upper  and  lower  surfaces,  which  indicates  the  bilobed 
condition  of  the  organ  in  some  animals. 

The  third,  or  middle  lobe^  is  a  small  transverse  band,  occasionally  a  rounded  or 
triangular  prominence,  placed  between  the  two  lateral  lobes  at  the  posterior  part 
of  the  organ.  It  lies  immediately  beneath  the  neck  of  the  bladder,  behind  the 
commencement  of  the  urethra,  and  above  and  between  the  ejaculatory  ducts.  Its 
existence  is  not  constant,  but  it  is  occasionally  found  at  an  early  period  of  life,  as 
well  as  in  adults  and  in  old  age. 

The  prostate  gland  is  perforated  by  the  urethra  and  the  ejaculatory  ducts. 
The  urethra  usually  lies  about  one-third  nearer  its  upper  than  its  lower  surface ; 
occasionally,  the  prostate  surrounds  only  the  lower  three-fourths  of  this  tube,  and 
more  rarely  the  urethra  runs  through  the  lower  instead  of  the  upper  part  of  the 
gland.  The  ejaculatory  ducts  pass  forward  obliquely  through  the  lower  part  of 
the  prostate  and  open  into  the  prostatic  portion  of  the  urethra. 

Staractnre. — The  prostate  is  enclosed  in  a  thin  but  firm  fibrous  capsule,  distinct 
from  that  derived  from  the  posterior  layer  of  the  deep  perineal  fascia,  and  separated 
from  it  by  a  plexus  of  veins.  Its  substance  is  of  a  pale  reddish-gray  color,  of 
great  density  and  not  easily  torn.  It  consists  of  glandular  substance  and  muscular 
tissue. 

The  muscular  tissue,  according  to  Kolliker,  constitutes  the  proper  stroma  of  the 
prostate,  the  connective  tissue  being  very  scanty,  and  simply  forming  thin  trabecula 
between  the  muscular  fibres,  in  which  the  vessels  and  nerves  of  the  gland  ramify. 
The  muscular  tissue  is  arranged  as  follows :  Immediately  beneath  the  fibrous  capsule 
is  a  dense  layer,  which  forms  an  investing  sheath  for  the  gland ;  secondly,  around 
the  urethra,  as  it  lies  in  the  prostate,  is  another  dense  layer  of  circular  fibres, 
continuous  behind  with  the  internal  layer  of  the  muscular  coat  of  the  bladder, 
and  in  front  blending  with  the  fibres  surrounding  the  membranous  portion  of  the 
urethra.  Between  these  two  layers  strong  bands  of  muscular  tissue,  which 
decussate  freely,  form  meshes  in  which  the  glandular  structure  of  the  organ  is 
imbedded.  In  that  part  of  the  gland  which  is  situated  above  the  urethra  the 
muscular  tissue  is  especially  dense,  and  there  is  here  little  or  no  gland  tissue ; 
while  in  that  part  which  is  below  the  urethra  the  muscular  tissue  presents  a  wide- 
meshed  structure,  which  is  densest  at  the  upper  part  of  the  gland — that  is,  near 
the  bladder — becoming  looser  and  more  sponge-like  toward  the  apex  of  the 
organ. 

The  glandular  substance  is  composed  of  numerous  follicular  pouches,  opening 
into  elongated  canals,  which  join  to  form  from  twelve  to  twenty  small  excretory 
ducts.  The  follicles  are  connected  together  by  areolar  tissue,  supported  by 
prolongations  from  the  fibrous  capsule  and  muscular  stroma,  and  enclosed  in  a 
delicate  capillary  plexus.  The  epithelium  lining  of  both  the  canals  and  the 
terminal  vesicles  is  of  the  columnar  variety.  The  prostatic  ducts  open  into  the 
floor  of  the  prostatic  portion  of  the  urethra. 

Vessels  and  Nerves. — The  arteries  supplying  the  prostate  are  derived  from  the 
internal  pudic,  vesical,  and  haemorrhoidal.  Its  veins  form  a  plexus  around  the  sides 
and  base  of  the  gland ;  they  receive  in  front  the  dorsal  vein  of  the  penis,  and 
terminate  in  the  internal  iliac  vein.  The  nerves  are  derived  from  the  pelvic 
plexus. 

Surgical  Anatomy. — The  relation  of  the  prostate  to  the  rectum  should  be  noted :  by  means 
of  the  finger  introduced  into  the  gut  the  surgeon  detects  enlargement  or  other  disease  of  this 
organ ;  he  can  feel  the  apex  of  the  gland,  which  is  the  guide  to  Cock's  oneration  for  stricture ; 
he  is  enabled  also  by  the  same  means  to  direct  the  point  of  a  catheter  when  its  introduction  is 
attended  with  difficulty  either  from  ii\jury  or  disease  of  the  membranous  or  prostatic  portions  of 
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the  urethra.  When  the  finger  is  introduced  into  the  bowel  the  surgeon  may,  in  some  cases, 
especially  in  boys,  learn  the  position,  as  well  as  the  size  and  weight,  of  a  calculus  in  the  bladder; 
and  in  the  operation  for  its  removal,  if,  as  is  not  unfrequently  the  case,  it  should  be  lodged  behind 
an  enlarged  prostate,  it  may  be  displaced  from  its  position  by  pressing  upward  the  base  of  the 
bladder  nrom  the  rectum.  The  prostate  gland  is  occasionally  the  seat  of  suppuration,  either  due  to 
iqjury,  gonorrhoea,  or  tuberculous  disease.  The  ffland,  bein^  enveloped  in  a  dense  unyielding 
capsule,  determines  the  course  of  the  abscess,  ana  also  explams  the  great  pain  which  is  pre^nt 
in  the  acute  form  of  the  disease.  The  abscess  most  frequently  bursts  mto  the  urethra,  the 
direction  in  which  there  is  least  resistance,  but  may  occasionally  burst  into  the  rectum,  or  more 
rarely  in  the  perinaeum.  In  advanced  life  the  prostate  becomes  considerably  enlarged,  and  pro- 
jects into  the  bladder  so  as  to  impede  the  passage  of  the  urine.  According  to  Dr.  Messer*s 
researches,  conducted  at  Greenwich  Hospital,  it  would  seem  that  such  obstruction  exists  in  20 
per  cent,  of  all  men  over  sixty  years  of  age.  In  some  cases  the  enlargement  affects  principally 
the  lateral  lobes,  which  may  undergo  considerable  enlargement  without  causing  much  incon- 
venience. In  other  cases  it  would  seem  that  the  middle  lobe  enlarges  most,  and  even  a  small 
enlargement  of  this  lobe  may  act  injuriously,  by  forming  a  sort  of  valve  over  tne  urethral  orifice, 
preventing  the  passage  of  the  urme,  and  blocking  more  completely  the  orifice  the  more  the 

C*  snt  strains.  In  consequence  of  the  enlargement  of  the  prostate  a  pouch  is  formed  at  the 
of  the  bladder  behind  the  projection,  in  which  water  collects  and  cannot  be  entirelv  expelled. 
It  becomes  decomposed  and  ammoniacal,  and  leads  to  cystitis.  For  this  condition  *^  prostatec- 
tomy "  is  sometimes  done.  The  bladder  is  opened  by  an  incision  above  the  symphysis  pubis,  the 
mucous  membrane  incised,  and  the  enlarged  and  projecting  middle  lobe  enucleated. 

COWPEB'S  QLANDS. 

Oowper'8  Glands  are  two  small  rounded  and  somewhat  lobulated  bodies  of 
a  yellow  color,  about  the  size  of  peas,  placed  beneath  the  fore  part  of  the  mem- 
branous portion  of  the  urethra,  between  the  two  layers  of  the  deep  perineal  fascia. 
They  lie  close  behind  the  bulb,  and  are  enclosed  by  the  transverse  fibres  of  the 
Compressor  urethrse  muscle.  Their  existence  is  said  to  be  constant :  they  gradually 
diminish  in  size  as  age  advances. 

Stmctore. — Each  gland  xionsists  of  several  lobules  held  together  by  a  fibrous 
investment.  Each  lobule  consists  of  a  number  of  acini  lined  by  columnar 
epithelial  cells,  opening  into  one  duct,  which,  joining  with  the  ducts  of  other 
lobules  outside  the  gland,  form  a  single  excretory  duct.  The  excretory  duct  of 
each  gland,  nearly  an  inch  in  length,  passes  obliquely  forward  beneath  the 
mucous  membrane,  and  opens  by  a  minute  orifice  on  the  floor  of  the  bulbous 
portion  of  the  urethra.  Their  existence  is  said  to  be  constant ;  they  gradually 
diminish  in  size  as  age  advances. 

THE  PENIS. 

The  Penis  is  the  organ  of  copulation.  It  consists  of  a  root,  body,  and  extremity, 
or  glans  penis. 

The  root  is  firmly  connected  to  the  rami  of  the  os  pubis  and  ischium  by  two 
strong  tapering,  fibrous  processes,  the  cruras  and  to  the  front  of  the  symphysis 
pubis  by  the  suspensory  ligament^  a  strong  band  of  fibrous  tissue  which  passes 
downward  from  the  front  of  the  symphysis  pubis  to  the  upper  surface  of  the  root 
of  the  penis,  where  it  blends  with  the  fascial  sheath  of  the  organ. 

The  extremity  or  glans  penis^  presents  the  form  of  an  obtuse  cone,  flattened 
from  above  downward.  At  its  summit  is  a  vertical  fissure,  the  orifice  of  the 
urethra  (meatus  urinarius).  The  base  of  the  glans  forms  a  rounded  projecting 
border,  the  corona  glandis,  and  behind  the  corona  is  a  deep  constriction,  the 
cervix.  Upon  both  of  these  parts  numerous  small  sebaceous  glands  are  found, 
the  glanduloe  Tysonii  odoriferoe.  They  secrete  a  sebaceous  matter  of  very  peculiar 
odor,  which  probably  contains  caseine  and  becomes  easily  decomposed. 

The  body  of  the  penis  is  the  part  betw^een  the  root  and  extremity.  In  the 
flaccid  condition  of  the  organ  it  is  cylindrical,  but  when  erect  has  a  triangular 
prismatic  form  with  rounded  angles,  the  broadest  side  being  turned  upward,  and 
called  the  dorsuyn.  The  body  is  covered  by  integument,  and  contains  in  its  interior 
.  a  large  portion  of  the  urethra.  The  integument  covering  the  penis  is  remarkable 
for  its  thinness,  its  dark  color,  its  looseness  of  connection  with  the  deeper  parts 
of  the  organ,  and  its  containing  no  adipose  tissue.     At  the  root  of  the  penis  the 
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integument  is  continuous  with  that  upon  the  pubes  and  scrotum,  and  at  the 
neck  of  the  glans  it  leaves  the  surface  and  becomes  folded  upon  itself  to  form  the 
prepuce. 

The  internal  layer  of  the  prepuce  is  attached  behind  to  the  cervix,  and 
approaches  in  character  to  a  mucous  membrane ;  from  the  cervix  it  is  reflected 
over  the  glans  penis,  and  at  the  meatus  urinarius  is  continuous  with  the  mucous 
lining  of  the  urethra. 

The  mucous  membrane  covering  the  glans  penis  contains  no  sebaceous  glands, 
but  projecting  from  its  free  surface  are  a  number  of  small,  highly  sensitive  papillae. 
At  the  back  part  of  the  meatus  urinarius  a  fold  of  mucous  membrane  passes  back- 
ward to  the  bottom  of  a  depressed  raphe,  where  it  is  continuous  with  the  prepuce ; 
this  fold  is  termed  the  frcenum  prceputiu 

Structure  of  the  Penis. — The  penis  is  composed  of  a  mass  of  erectile  tissue 
enclosed  in  three  cylindrical  fibrous  compartments.  Of  these,  two,  the  corpora 
cavernosa,  are  placed  side  by  side  along  the  upper  part  of  the  organ ;  the  third,  or 
corpus  spongiosum,  encloses  the  urethra  and  is  placed  below. 

The  Corpora  Cavemosa  form  the  chief  part  of  the  body  of  the  penis.  They 
consist  of  two  fibrous  cylindrical  tubes,  placed  side  by  side,  and  intimately 
connected  along  the  median  line  for  their  anterior  three-fourths,  whilst  at  their 
back  part  they  separate  from  each  other  to  form  the  crura,  which  are  two  strong 
tapering  fibrous  processes  firmly  connected  to  the  rami  of  the  os  pubis  and 
ischium.  Each  crus  commences  by  a  blunt -pointed  process  in  front  of  the 
tuberosity  of  the  ischium,  and  before  its  junction  with  its  fellow  to  form  the 
body  of  the  penis  it  presents  a  slight  enlargement,  named  by  Kobelt  the  bulb 
of  the  corpus  cavernosum.  Just  beyond  this  point  they  become  constricted, 
and  retain  an  equal  diameter  to  their  anterior  extremity,  where  they  form  a 
single  rounded  end  which  is  received  into  a  fossa  in  the  base  of  the  glans  penis. 
A  median  groove  on  the  upper  surface  lodges  the  dorsal  vein  of  the  penis,  and  the 
groove  on  the  under  surface  receives  the  corpus  spongiosum.  The  root  of  the 
penis  is  connected  to  the  symphysis  pubis  by  the  suspensory  ligament. 

Structure. — The  corpora  cavernosa  are  surrounded  by  a  strong  fibrous  envelope, 
consisting  of  two  sets  of  fibres — the  one,  longitudinal  in  direction,  being  common 
to  the  two  corpora  cavernosa,  and  investing  them  in  a  common  covering;  the 
other,  internal,  being  circular  in  direction,  and  being  proper  to  each  corpus 
cavernosum.  The  internal  circular  fibres  by  their  junction  at  one  part  form  an 
incomplete  partition  or  septum  between  the  two  bodies. 

The  septum  between  the  tw^o  corpora  cavernosa  forms  an  imperfect  partition ; 
it  is  thick  and  complete  behind,  but  in  front  it  is  incomplete,  and  consists  of  a 
number  of  vertical  bands,  which  are  arranged  like  the  teeth  of  a  comb,  whence  the 
name  which  it  has  received,  septum  pectiniforme.  These  bands  extend  betw^een 
the  dorsal  and  the  urethral  surface  of  the  corpora  cavernosa.  This  fibrous  invest- 
ment is  extremely  dense,  of  considerable  thickness,  and  consists  of  bundles  of 
shining  white  fibres,  with  an  admixture  of  well-developed  elastic  fibres,  so  that  it 
is  possessed  of  great  elasticity. 

From  the  internal  surface  of  the  fibrous  envelope,  as  well  as  from  the  sides  of 
the  septum,  are  given  off  a  number  of  bands  or  cords  which  cross  the  interior  of 
the  corpora  cavernosa  in  all  directions,  subdividing  them  into  a  number  of 
separate  compartments,  and  giving  the  entire  structure  a  spongy  appearance. 
These  bands  and  cords  are  called  trabecuke,  and  consist  of  white  fibrous  tissue, 
elastic  fibres,  and  plain  muscular  fibres.  In  them  are  contained  numerous 
arteries  and  nerves. 

The  component  fibres  of  which  the  trabeculse  are  composed  are  larger  and 
stronger  round  the  circumference  than  at  the  centre  of  the  corpora  cavernosa; 
they  are  also  thicker  behind  than  in  front.  The  interspaces,  on  the  contrary,  are 
larger  at  the  centre  than  at  the  circumference,  their  long  diameter  being  directed 
transversely ;  they  are  largest  anteriorly.  They  are  occupied  by  venous  blood, 
and  are  lined  by  a  layer  of  flattened  cells  similar  to  the  endothelial  lining  of  veins. 
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The  whole  of  the  structure  of  the  corpora  cavernosa  contained  within  the 
fibrous  sheath  consists,  therefore,  of  a  sponge-like  tissue  of  areolar  spaces  freeiy 
communicating  with  each  other  and  filled  with  venous  blood.  The  spaces  may 
therefore  be  regarded  as  large  cavernous  veins. 

The  arteries  bringing  the  blood  to  these  spaces  are  the  arteries  of  the  corpora 
cavernosa  and  branches  from  the  dorsal  artery  of  the  penis,  which  perforate  the 
fibrous  capsule,  along  the  upper  surface,  especially  near  the  fore  part  of  the 
organ. 

These  arteries  on  entering  the  cavernous  structure  divide  into  branches  which 
are  supported  and  enclosed  oy  the  trabeculse.  Some  of  these  terminate  in  a 
capillary  network,  the  branches  of  which  open  directly  into  the  cavernous  spaces; 
others  assume  a  tendril-like  appearance,  and  form  convoluted  and  somewhat 
dilated  vessels,  which  were  named  by  Miiller  ke.licine  arteriet.  They  project 
into  the  spaces,  and  from  them  are  given  otT  smalt  capillary  branches  to  supply 
the   trabecular  structure.     They  are  bound  down  in  the  spaces  by  fine  fibrous 

frocessea,  and  are  more  abundant  in  the  back  part  of  the  corpora  cavernosa 
Fig.  606). 

The  blood  from  the  cavernous  spaces  is  returned  by  a  series  of  vessels,  some 
of  which  emerge  in  considerable  numbers  from  the  base  of  the  glans  penis  and 


Fm.  608.— From  the  pertpheral  portion  of  the  corpus  caveritiBUm  pi-nts  under  a  low  tnaitiiKVin 
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Willi  thu  cavernous  epacce. 


converge  on  the  dorsum  of  the  organ  to  form  the  dorsal  vein ;  others  pass  out  on 
the  upper  surface  of  the  corpora  cavernosa  and  join  the  dorsal  vein  ;  some  emerge 
from  the  under  surface  of  the  corpora  cavernosa,  and,  receiving  branches  from  the 
corpus  spongiosum,  wind  round  the  sides  of  the  penis  to  terminate  in  the  dorsal 
vein;  but  the  greater  number  pass  out  at  the  root  of  the  penis  and  join  the 
prostatic  ple;(us. 

The  Corpus  Spongiosum  encloses  the  urethra,  and  is  situated  in  the  groove  on 
the  under  surface  of  the  corpora  cavernosa.  It  commences  posteriorly  in  front  of 
the  deep  perineal  fascia,  between  the  diverging  crura  of  the  corpora  cavernosa, 
where  it  forms  a  rounded  enlargement,  the  hulh,  and  terminates  anteriorly  in 
another  expansion,  the  glans  penis,  which  overlaps  the  anterior  rounded  extremity 
of  the  corpora  cavernosa.  The  central  portion,  or  body  of  the  corpus  spongiosum, 
is  cylindrical,  and  tapers  slightly  from  behind  forward. 

The  bulb  varies  in  size  in  different  subjects  ;  it  receives  a  fibrous  inveaiment 
from  the  anterior  layer  of  the  deep  perineal  fascia,  and  is  surrounded  by  the 
Accelerator  urinEe  muscle.  The  urethra  enters  the  bulb  nearer  its  upper  than  its 
lower  surface,  being  surrounded  by  a  layer  of  erectile  tissue,  a  thin  prolongation 
of  which  is  continued  backward  round  the  membranous  and  prostatic  portions  of 
the  canal  to  the  neck  of  the  bladder,  lying  between  the  two  layers  of  muscular 
tissue.  The  portion  of  the  bulb  below  the  urethra  presents  a  partial  division  into 
two  iobes,  being  marked  externally  by  a  linear  raphe,  whilst  internally  there 
projects  inward,  for  a  short  distance,  a  thin  fibrous  septum,  more  distinct  in 
early  life. 
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Structure. — The  corpus  spongiosum  consists  of  a  strong  fibrous  envelope, 
enclosing  a  trabecular  structure,  which  contains  in  its  meshes  erectile  tissue.  The 
fibrous  envelope  is  thinner,  whiter  in  color,  and  more  elastic  than  that  of  tTie 
corpora  cavernosa.  The  trabeculge  are  delicate,  uniform  in  size,  and  the  meshes 
between  them  small,  their  long  diameter,  for  the  most  part,  corresponding  with 
that  of  the  penis.  The  external  envelope  or  outer  coat  of  the  corpus  spongiosum 
is  formed  partly  of  unstriped  muscular  fibre,  and  a  layer  of  the  same  tissue  imme- 
diately surrounds  the  canal  of  the  urethra. 

The  lymphatics  of  the  penis  consist  of  a  superficial  and  deep  set ;  the  former 
are  derived  from  a  dense  network  on  the  skin  of  the  glans  and  prepuce  and  from 
the  mucous  membrane  of  the  urethra,  and  terminate  in  the  superficial  inguinal 
glands ;  the  latter  emerge  from  the  corpora  cavernosa  and  corpus  spongiosum,  and, 
passing  beneath  the  pubic  arch,  join  the  deep  lymphatics  of  the  pelvis. 

The  nerves  are  derived  from  the  internal  pudic  nerve  and  the  pelvic  plexus.  On 
the  glans  and  bulb  some  filaments  of  the  cutaneous  nerves  have  Pacinian  bodies 
connected  with  them,  and,  according  to  Krause,  many  of  them  terminate  in  a 
peculiar  form  of  end-bulb. 

Surgical  Anatomy. — The  penis  occasionally  requires  removal  for  malignant  disease. 
Usually,  removal  of  the  ante-scrqtal  portion  is  all  that  is  necessary,  but  sometimes  it  is  requisite 
to  remove  the  whole  or^an  from  its  attachment  to  the  rami  of  the  os  pubis  and  ischium.  The 
former  operation  is  penonned  either  by  cutting  off  the  whole  of  the  anterior  part  of  the  penis 
with  one  sweep  of  the  knife,  or,  what  is  better,  cutting  through  the  corpora  cavernosa  from  the 
dorsum,  and  then  separating  the  corpus  spongiosum  from  them,  dividing  it  at  a  level  nearer  the 
glans  penis.  The  mucous  membrane  of  the  urethra  is  then  slit  up,  and  the  edges  of  the  flap 
attached  to  the  external  skin,  in  order  to  prevent  contraction  of  the  orifice,  which  would  other- 
wise take  place.  The  vessels  which  require  ligature  are  the  two  dorsal  arteries  of  the  penis,  the 
arteries  of  the  corpora  cavernosa,  and  the  artery  of  the  septum.  When  the  entire  organ  requires 
removal  the  patient  is  placed  in  the  lithotomy  position,  and  an  incision  is  made  round  the  root 
of  the  penis,  and  carried  down  the  median  line  of  the  scrotum  as  far  as  the  perinaeum.  The 
two  halves  of  the  scrotum  are  then  separated  from  each  other,  and,  a  catheter  having  been  intro- 
duced into  the  bladder  as  a  guide,  the  membranous  portion  of  the  urethra  in  front  of  the  trian- 
gular ligament  is  separated  from  the  corpora  cavernosa  and  divided,  the  catheter  having  been 
withdrawn,  just  behind  the  buljj.  The  suspensory  ligament  is  now  severed,  and  the  crura  sepa- 
rated from  the  bone  with  a  periosteum  scraper,  and  the  whole  penis  removed.  The  membranous 
[>ortion  of  the  urethra,  which  has  not  been  removed,  is  now  to  be  attached  to  the  skin  at  the 
posterior  extremity  of  the  incision  in  the  perinaeum.  The  remainder  of  the  wound  is  to  be 
Drought  together,  free  drainage  being  provided  for. 

THE  TESTES  AND  THETB  OOVEBmaS  (Fig.  607). 

The  Testes  are  two  small  glandular  organs  which  secrete  the  semen ;  they  are 
situated  in  the  scrotum,  being  suspended  by  the  spermatic  cords.  At  an  early 
period  of  foetal  life  the  testes  are  contained  in  the  abdominal  cavity,  behind  the 
peritoneum.  Before  birth  they  descend  to  the  inguinal  canal,  along  which  they 
pass  with  the  spermatic  cord,  and,  emerging  at  the  external  abdominal  ring,  they 
descend  into  the  scrotum,  becoming  invested  in  their  course  by  numerous  coverings 
derived  from  the  serous,  muscular,  and  fibrous  layers  of  the  abdominal  parietes, 
as  well  as  by  the  scrotum.     The  coverings  of  the  testes  are — the 

ix     .      >  Scrotum. 
JDartos  J 

Intercolumnar,  or  External  spermatic  fascia. 

Cremasteric  fascia. 

Infundibuliform,  or  Fascia  propria  (Internal  spermatic  fascia). 

Tunica  vaginalis. 

The  Scrotum  is  a  cutaneous  pouch  which  contains  the  testes  and  part  of  the 
spermatic  cords.  It  is  divided  into  two  lateral  halves  by  a  median  line,  or  raphe, 
which  is  continued  forward  to  the  under  surface  of  the  penis  and  backward  along 
the  middle  line  of  the  perinaeum  to  the  anus.  Of  these  two  lateral  portions,  the  left 
is  longer  than  the  right,  and  corresponds  with  the  greater  length  of  the  spermatic 
cord  on  the  left  side.     Its  external  aspect  varies  under  different  circumstances  : 
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thus,  uDder  the  JoflueDce  of  warmth  and  in  old  and  debilitated  persona  it  becomes 
elongated  and  flaccid,  but  under  the  influence  of  cold  and  in  the  young  and 
robust  it  is  short,  corrugated,  and  cloaelv  applied  to  the  testes. 

The  scrotum  consists  of  two  layers,  the  integument  and  the  dartos. 

The  integument  is  very  thin,  of  a  brownish  color,  and  generally  thrown  into 
folds  or  rugse.  It  is  provided  with  sebaceous  follicles,  the  secretion  of  which  has 
a  peculiar  odor,  and  is  beset  with  thiuly-scattered,  crisp  hairs,  the  roots  of  viiich 
are  seen  through  the  skin. 

The  dartos  is  a  thin  layer  of  loose  reddish  tissue,  endowed  with  contractili:Y : 
it  forms  the  proper  tunic  of  the  scrotum,  is  continuous,  around  the  base  of  the 
scrotum,  with  the  two  layers  of  the  superficial  fascia  of  the  groin  and  perinaun, 
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and  sends  inward  a  distinct  septum,  septum  scroti,  which  divides  it  into  two 
cavities  for  the  two  testes,  the  septum  extending  between  the  raphe  and  the  under 
surface  of  the  penis  as  far  as  its  root. 

The  dartos  is  closely  united  to  the  skin  externally,  but  connected  with  the 
subjacent  parts  by  delicate  areolar  tissue,  upon  which  it  glides  with  the  greatest 
facility.  The  dartos  is  very  vascular,  and  consists  of  a  loose  areolar  tissue  con- 
taining nnstriped  muscular  fibre,  but  no  fat.  lis  contractility  is  slow,  and  excited 
by  cold  and  mechanical  stimuli,  but  not  by  electricity. 

The  Intereolnmnar  fiwcia  is  a  thin  membrane  derived  from  the  margin  of  the 
pillars  of  the  external  abdominal  ring,  during  the  descent  of  the  testes  in  the 
foetus,  which  is  prolonged  downward  around  the  surface  of  the  cord  and  testis.  It 
is  separated  from  the  dartos  by  loose  areolar  tissue,  which  allows  of  considerable 
movement  of  the  latter  upon  it,  but  is  intimately  connected  with  the  succeeding 
layers. 

The  cremaBteric  &acla  consists  of  scattered  bundles  of  muscular  fibres 
(_C'remaster  musek)  connected  together  into  a  continuous  covering  by  intermediate 
areolar  tissue.  The  muscular  fibres  are  derived  from  the  lower  oorder  of  the 
Internal  oblii^ue  muscle  during  the  descent  of  the  testis. 

The  &Bcia  propria  is  a  ihin  membranous  layer  which  loosely  invests  the 
surface  of  the  cord.  It  is  a  continuation  downward  of  the  infundi  bull  form  process 
of  the  fascia  transversal  is  and  the  subperitoneal  areolar  tissue,  and  is  alsoact^uired 
during  the  descent  of  the  testis  in  the  fa'tus. 
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The  tunica  vaginalis  is  described  with  the  proper  covering  of  the  testis. 

Vessels  and  Nerves. — The  arteries  supplying  the  coverings  of  the  testis  are  : 
the  superficial  and  deep  external  pudic,  from  the  femoral ;  the  superficial  perineal 
branch  of  the  internal  pudic  ;  and  the  cremasteric  branch  from  the  epigastric.  The 
veins  follow  the  course  of  the  corresponding  arteries.  The  lymphatics  terminate 
in  the  inguinal  glands.  The  nerves  are  :  the  ilio-inguinal  branch  of  the  lumbar 
plexus,  the  two  superficial  perineal  branches  of  the  internal  pudic  nerve,  the  inferior 
pudendal  branch  of  the  small  sciatic  nerve,  and  the  genital  branch  of  the  genito- 
crural  nerve. 

The  Spermatic  Oord  extends  from  the  internal  abdominal  ring,  where  the 
structures  of  which  it  is  composed  converge,  to  the  back  part  of  the  testicle.  In 
the  abdominal  wall  the  cord  passes  obliquely  along  the  inguinal  canal,  lying  at 
first  beneath  the  Internal  oblique,  and  upon  the  fascia  transversalis ;  but  nearer 
the  pubes  it  rests  upon  Poupart's  ligament,  having  the  aponeurosis  of  the  External 
oblique  in  front  of  it  and  the  conjoined  tendon  behind  it.  It  then  escapes  at  the 
external  ring,  and  descends  nearly  vertically  into  the  scrotum.  The  left  cord  is 
rather  longer  than  the  right,  consequently  the  left  testis  hangs  somewhat  lower 
than  its  fellow. 

Btmcture  of  the  Spermatic  Cord. — The  spermatic  cord  is  composed  of  arteries, 
veins,  lymphatics,  nerves,  and  the  excretory  duct  of  the  testicle.  These  structures 
are  connected  together  by  areolar  tissue,  and  invested  by  the  fasciae  brought  down 
by  the  testicle  in  its  descent. 

The  arteries  of  the  cord  are :  the  spermatic,  from  the  aorta  ;  the  artery  of  the 
vas  deferens,  from  the  superior  vesical ;  and  the  cremasteric,  from  the  deep 
epigastric. 

The  spermatic  artery^  a  branch  of  the  abdominal  aorta,  escapes  from  the 
abdomen  at  the  internal  or  deep  abdominal  ring,  and  accompanies  the  other  con- 
stituents of  the  spermatic  cord  alon^  the  inguinal  canal  and  through  the  external 
abdominal  ring  into  the  scrotum.  It  then  descends  to  the  testicle,  and,  becoming 
tortuous,  divides  into  several  branches,  two  or  three  of  which  accompany  the 
vas  deferens  and  supply  the  epididymis,  anastomosing  with  the  artery  of  the  vas 
deferens  ;  others  pierce  the  back  of  the  tunica  albuginea  and  supply  the  substance 
of  the  testis. 

The  cremasteric  artery  is  a  branch  of  the  deep  epigastric  artery.  It  accom- 
panies the  spermatic  cord  and  supplies  the  Cremaster  muscle  and  other  coverings 
of  the  cord,  anastomosing  with  the  spermatic  artery. 

The  artery  of  the  vas  deferens,  a  branch  of  the  superior  vesical,  is  a  long  slender 
vessel  which  accompanies  the  vas  deferens,  ramifying  upon  the  coats  of  that  duct, 
and  anastomosing  with  the  spermatic  artery  near  the  testis. 

The  spermatic  veins  emerge  from  the  back  of  the  testis  and  receive  tributaries 
from  the  epididymis;  they  unite  and  form  a  convoluted  plexus  {plexus pampini- 
formis\  which  forms  the  chief  mass  of  the  cord  :  the  vessels  composing  this  plexus 
are  very  numerous,  and  ascend  along  the  cord  in  front  of  the  vas  deferens  ;  below 
the  external  or  superficial  abdominal  ring  they  unite  to  form  three  or  four  veins, 
which  pass  along  the  spermatic  canal,  and,  entering  the  abdomen  through  the 
internal  or  deep  abdominal  ring,  coalesce  to  form  two  veins.  These  again  unite  to 
form  a  single  vein,  which  opens  on  the  right  side  into  the  inferior  vena  cava  at  an 
acute  angle,  and  on  the  left  side  into  the  renal  vein  at  a  right  angle. 

The  lymphatic  vessels  terminate  in  the  lumbar  glands. 

The  nerves  are  the  spermatic  plexus  from  the  sympathetic,  joined  by  filaments 
from  the  pelvic  plexus  which  accompany  the  artery  of  the  vas  deferens. 

Surgical. Anatomy. — ^The  scrotum  forms  an  admirable  covering  for  the  protection  of  the 
testicle.  This  body,  lymg  suspended  and  loose  in  the  cavity  of  the  scrotum  and  surrounded  by 
a  serous  membrane,  is  capable  of  great  mobility,  and  can  therefore  easily  slip  about  within  the 
scrotum,  and  thus  avoid  injuries  from  blows  or  squeezes.  The  skin  of  the  scrotum  is  very 
elastic  and  capable  of  great  distension,  and  on  account  of  the  looseness  and  amount  of  subcu- 
taneous tissue  the  scrotum  becomes  greatly  enlarged  in  cases  of  oedema,  to  which  this  part  is 
especially  liable  on  account  of  its  dependent  position.    The  scrotum  is  frequently  the  seat  of 
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epithelioma ;  this  is  no  doubt  due  to  the  rugas  on  its  surface,  which  favor  the  lodcnuent  of  dirt, 
and  this,  causing  irritation,  is  the  exciting  cause  of  the  disease,  which  is  especially  common  in 
chimney-sweeps  from  the  lodgment  of  soot.  The  scrotum  is  also  the  part  most  frequently 
affected  by  elephantiasis. 

On  account  of  the  looseness  of  the  subcutaneous  tissue  considerable  extravasations  of  blood 
may  take  place  from  very  slight  injuries.  It  is  therefore  generally  recommended  never  to  apply 
leeches  to  the  scrotum,  since  they  may  lead  to  considerable  ecchymosis,  but  rather  to  puncture 
one  or  more  of  the  superficial  veins  of  the  scrotum  in  cases  where  local  bloodletting  rrom  this 
part  is  judged  to  be  desirable.  The  muscular  fibre  in  the  dartos  causes  contraction  and  consider- 
able diminution  in  the  size  of  a  wound  of  the  scrotum,  as  afler  the  operation  of  castration,  and 
is  of  assistance  in  keeping  the  edges  together  and  covering  the  exposed  parts. 

THE  TESTES. 

The  Testes  are  suspended  in  the  scrotum  by  the  spermatic  cords.  As  the  left 
spermatic  cord  is  rather  longer  than  the  right  one,  the  left  testicle  hangs  somewhat 
lower  than  its  fellow.  Each  gland  is  of  an  oval  form,  compressed  laterally,  and 
having  an  oblique  position  in  the  scrotum,  the  upper  extremity  being  directed 
forward  and  a  little  outward,  the  lower,  backward  and  a  little  inward ;  the  anterior 
convex  border  looks  forward  and  downward ;  the  posterior  or  straight  border,  to 
which  the  cord  is  attached,  backward  and  upward. 

The  anterior  and  lateral  surfaces,  as  well  as  both  extremities  of  the  organ,  are 
convex,  free,  smooth,  and  invested  by  the  tunica  vaginalis.  The  posterior  border, 
to  which  the  cord  is  attached,  receives  only  a  partial  investment  from  that  mem- 
brane. Lying  upon  the  outer  edge  of  this  posterior  border  is  a  long,  narrow, 
flattened  body,  named  from  its  relation  to  the  testis,  the  epididymis  (didofio^, 
testis).  It  consists  of  a  central  portion,  or  body  ;  an  upper  enlarged  extremity,  the 
globus  major^  or  head  ;  and  a  lower  pointed  extremity,  the  tail,  or  globus  minor. 
The  globus  major  is  intimately  connected  with  the  upper  end  of  the  testicle  by 
means  of  its  efferent  ducts,  and  the  globus  minor  is  connected  with  its  lower  end 
by  cellular  tissue  and  a  reflection  of  the  tunica  vaginalis.  The  outer  surface  and 
upper  and  lower  ends  of  the  epididymis  are  free  and  covered  by  serous  membrane  ; 
the  body  is  also  completely  invested  by  it,  excepting  along  its  posterior  border. 
The  epididymis  is  connected  to  the  back  of  the  testis  by  a  fold  of  the  serous  mem- 
brane. Attached  to  the  upper  end  of  the  testis  or  to  the  epididymis  are  one  or 
more  small  pedunculated  bodies.  One  of  them  is  pretty  constantly  found  between 
the  globus  major  of  the  epididymis  and  the  testicle,  and  is  believed  to  be  the 
remains  of  the  upper  extremity  of  the  Mlillerian  duct  (page  138).  It  is  termed 
the  hydatid  of  Morgagni,  When  the  testicle  is  removed  from  the  body,  the 
position  of  the  vas  deferens,  on  the  posterior  surface  of  the  testicle  and  inner  side 
of  the  epididymis,  marks  the  side  to  which  the  gland  has  belonged. 

Size  and  Weight. — The  average  dimensions  of  this  gland  are  from  one  and  a 
half  to  two  inches  in  length,  one  inch  in  breadth,  and  an  inch  and  a  quarter  in  the 
antero-posterior  diameter,  and  the  weight  varies  from  six  to  eight  drachms,  the 
left  testicle  being  a  little  the  larger. 

The  testis  is  invested  by  three  tunics — the  tunica  vaginalis,  tunica  albuginea, 
and  tunica  vasculosa. 

The  Tunica  Vaginalis  is  the  serous  covering  of  the  testis.  It  is  a  pouch  of 
serous  membrane,  derived  from  the  peritoneum  during  the  descent  of  the  testis  in 
the  foetus  from  the  abdomen  into  the  scrotum.  After  its  descent  that  portion  of 
the  pouch  which  extends  from  the  internal  ring  to  near  the  upper  part  of  the  gland 
becomes  obliterated,  the  lower  portion  remaining  as  a  shut  sac,  which  invests 
the  outer  surface  of  the  testis,  and  is  reflected  on  to  the  internal  surface  of  the 
scrotum ;  hence  it  may  be  described  as  consisting  of  a  visceral  and  parietal 
portion. 

The  visceral  portion  {tunica  vaginalis  propria)  covers  the  outer  surface  of  the 
testis,  as  w^ell  as  the  epididymis,  connecting  the  latter  to  the  testis  by  means  of  a 
distinct  fold.  From  the  posterior  border  of  the  gland  it  is  reflected  on  to  the 
infernal  surface  of  the  scrotum. 
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The  parietal  poi'tion  of  ike  eeroua  meinhrane  {tunica  vaginalis  reflexa)  is  far 
more  exteasive  than  the  visceral  portion,  extending  upward  for  some  distance  in 
front  and  on  the  inner  side  of  the  cord,  and  reaching  below  the  testis.  The  inner 
surface  of  the  tunica  vaginalis  is  free,  smooth,  and  covered  by  a  layer  of  endothelial 
cells.  The  interval  between  the  visceral  and  parietal  layers  of  this  membrane 
constitutes  the  cavity  of  the  tunica  vaginalis. 

The  obliterated  portion  of  the  pouch  may  generally  be  seen  as  a  fibro-cellular 
thread  lying  in  the  loose  areolar  tissue  around  the  spermatic  cord;  sometimes  this 
may  be  traced  as  a  distinct  band  from  the  upper  end  of  the  inguinal  canal,  where 
it  is  connected  with  the  peritoneum,  down  to  the  tunica  vaginalis;  sometimes  it 
gradually  becomes  lost  on  the  spermatic  cord. 

Occasionally  no  trace  of  it  can  be  detected.  In  Sotrmatic  cm-d 

some  cases  it  happens  that  the  pouch  of  peri- 
toneum does  not  become  obliterated,  but  the  sac 
of  the  peritoneum  communicates  with  the  tunica 
vaginalis.  This  may  give  rise  to  one  of  the 
varieties  of  oblique  inguinal  hernia  (page  1073). 
Or  in  other  cases  the  pouch  may  contract,  but 
not  become  entirely  obliterated;  It  then  forms 
a  minute  canal  leading  from  the  peritoneum  to  Tumea  vagiruUu, 
the  tunica  vaginalis.'  parituu  lagtr. 

The  Tunica  Albnginea  is  the  fibrous  cover- 
ing of  the  testis.  It  is  a  dense  fibrous  mem- 
braoe,  of  a  bluish-white  color,  composed  of 
bundles  of  white  fibrous  tissue,  which  interlace 
in  every  direction.  Its  outer  surface  is  covered 
by  the  tunica  vaginalis,  except  along  its  poste- 
rior border,  at  the  points  of  attachment  of  the 
epididymis;  hence  the  tunica  albuginea  is 
usually  considered  as  a  fibro-serous  membrane, 

like   the   pericardium.      This   membrane   sur-     v«Sai*i»hii^ing"beentaid"opl"n/^^  lunita 
rounds  the  glandular  structure  of  the  testicle, 

and  at  its  posterior  border  is  reflected  into  the  interior  of  the  gland,  forming  an 
incomplete  vertical  septum,  called  the  mediastinum  testis  (corpux  Nu/kmorianum). 

The  mediastinum  testis  extends  from  the  upper,  nearly  to  the  lower,  border  of 
the  gland,  and  is  wider  above  than  below.  From  the  front  and  sides  of  this  septum 
numerous  slender  fibrous  cords  and  imperfect  septa  (trabeculce)  are  given  olf,  which 
radiate  toward  the  surface  of  the  organ,  and  are  attached  to  the  inner  surface  of 
the  tunica  albuginea.  They  therefore  divide  the  interior  of  the  organ  into  a 
number  of  incomplete  spaces,  which  are  somewhat  cone-shaped,  being  broad  at 
their  bases  at  the  surface  of  the  gland,  and  becoming  narrower  as  they  converge  to 
the  mediastinum.  The  mediastinum  supports  the  vessels  and  ducts  of  the  testis 
in  their  passage  to  and  from  the  substance  of  the  gland. 

The  Tunica  Vascnlosa  ( pia  mater  testis)  is  the  vascular  layer  of  the  testis, 
consisting  of  a  plexus  of  blood-vessels  held  together  by  a  delicate  areolar  tissue. 
It  covers  the  inner  surface  of  the  tunica  albuginea  and  the  different  septa  in  the 
interior  of  the  gland,  and  therefore  forms  an  internal  investment  to  all  the  spaces 
of  which  the  gland  is  composed. 

Structure. — The  glandular  structure  of  the  testis  consists  of  numerous  lobules 
[lobuli  testift).  Their  number,  in  a  single  testis,  is  estimated  by  Berres  at  250,  and 
by  Krause  at  400.  They  differ  in  size  according  to  their  position,  those  in  the 
middle  of  the  gland  being  larger  and  longer.  The  lobules  are  conical  in  shape, 
the  base  being  directed  toward  the  circumference  of  the  organ,  the  apex  toward  the 

'  It  is  recorded  that  in  the  post-mortem  examination  of  Sir  Astley  Cooper  this  minute  cunal 
was  found  on  both  sides  of  the  body.  Sir  Astley  Cooper  alates  that  when  a  student  he  suffered  from 
ineuinsl  hernia;  probably  this  was  of  tlie  congenital  variety,  nndihe  ciinal  found  after  death  wan  the 
remains  of  the  one  down  which  tlie  hernia  travelled  (Lanrri,  vol.  ii.,  ltJ24,  p.  116). 
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mediastinum.  Each  lobule  is  contained  in  one  of  the  intervals  between  the  fibrous 
cords  and  vascular  processes  which  extend  between  the  mediastinum  testis  and 
the  tunica  albuginea,  and  consists  of  from  one  to  three  or  more  minute  convoluted 
tubes,  the  tuhuli  seminiferi.  The  tubes  may  be  separately  unravelled  by  careful 
dissection  under  water,  and  may  be  seen  to  commence  either  by  free  caecal  ends  or 
by  anastomotic  loops.  The  total  number  of  tubes  is  considered  by  Munro  to  be 
about  300,  and  the  length  of  each  about  sixteen  feet ;  by  Lauth  their  number  is 
estimated  at  840,  and  their  average  length  two  feet  and  a  quarter.  The  diameter 
varies  from  yj^  to  y^  of  an  inch.  The  tubuli  are  pale  in  color  in  early  life,  but 
in  old  age  they  acquire  a  deep  yellow  tinge  from  containing  much  fatty  matter. 
They  consist  of  a  membrana  propria,  inside  which  are  several  layers  of  epithelial  cells, 
the  seminal  cells.  The  membrana  propria  is  a  hyaline  structure,  consisting  of  several 
membranous  layers,  containing  oval  flattened  nuclei  at  regular  intervals,  super- 
imposed on  one  another.  The  seminal  cells  or  lining  epithelium  differ  in  different 
tubules.  In  some  tubes  they  may  be  seen  to  consist  of  an  outer  layer,  next  the 
membrana  propria,  and  two  or  more  layers  of  inner  cells.  The  former  cells  are 
more  or  less  polyhedral  in  shape,  uniform  in  size,  and  contain  an  oval  or  spherical 
nucleus ;  the  latter  cells,  those  comprising  the  inner  layers,  are  spherical  and  more 
loosely  connected  together.  The  nucleus  of  most  or  all  of  them  is  in  the  process 
of  indirect  division  (karyokinesis^  page  40),  and  in  consequence  of  this  numerous 
small  spherical  daughter-cells  are  to  be  seen,  lying  nearest  to  the  lumen  and  closely 
connected  together.  These  small  daughter-cells  are  named  spemuztoblasts,  and  by 
a  series  of  changes  become  converted  into  spermatozoa.  In  other  tubes  the  gradual 
transition  of  the  spermatoblasts  into  spermatozoa  may  be  traced.  In  some  tubes 
or  parts  of  tubes  the  daughter-cells  may  be  seen  to  have  assumed  a  pear  shape, 
with  the  pointed  end,  in  which  the  nucleus  is  to  be  found,  directed  toward  the 
inner  seminal  cells,  while  the  broad  part  is  directed  into  the  lumen  of  the  tube. 
In  other  parts  of  a  tube  the  broad  end  may  be  seen  to  have  become  elongated  into 
a  rod-shaped  body,  which  constitutes  the  middle  piece  of  the  spermatozoon,  while 
the  nucleus  forms  the  head.  Again,  in  other  parts  of  the  tubes  these  young 
spermatozoa  may  be  seen  collected  together  into  fan-shaped  groups,  and  from  their 
distal  end — that  is  to  say,  the  end  projecting  into  the  lumen  of  the  tube — a  thin 
long  filament,  called  the  tail,  is  growing  out.  In  the  young  subject  the  seminal 
cells  present  somewhat  the  appearance  of  an  epithelial  lining,  and  do  not  almost 
fill  the  tube,  as  in  the  adult  testis. 

The  tubules  are  enclosed  in  a  delicate  plexus  of  capillary  vessels,  and  are  held 
together  by  an  intertubular  connective  tissue,  which  presents  large  interstitial  spaces 
lined  by  endothelium,  which  are  believed  to  be  the  rootlets  of  lymphatic  vesseb 
of  the  testis. 

In  the  apices  of  the  lobules  the  tubuli  become  less  convoluted,  assume  a  nearly 
straight  course,  and  unite  together  to  form  from  twenty  to  thirty  larger  ducts,  of 
about  -^  of  an  inch  in  diameter,  and  these,  from  their  straight  course,  are  called 
vasa  recta. 

The  vasa  recta  enter  the  fibrous  tissue  of  the  mediastinum^  and  pass  upward 
and  backward,  forming,  in  their  ascent,  a  close  network  of  anastomosing  tubes, 
which  are  merely  channels  in  the  fibrous  stroma,  having  no  proper  walls ;  this 
constitutes  the  rete  testis.  At  the  upper  end  of  the  mediastinum  the  vessels  of 
the  rete  testis  terminate  in  from  twelve  to  fifteen  or  twenty  ducts,  the  vasa 
efferentia  :  they  perforate  the  tunica  albuginea,  and  carry  the  seminal  fluid  from 
the  testis  to  the  epididymis.  Their  course  is  at  first  straight ;  they  then  become 
enlarged  and  exceedingly  convoluted,  and  form  a  series  of  conical  masses,  the  coni 
vasculosis  which,  together,  constitute  the  globus  major  of  the  epididymis.  Each 
cone  consists  of  a  single  convoluted  duct  from  six  to  eight  inches  in  length,  the 
diameter  of  which  gradually  decreases  from  the  testis  to  the  epididymis.  Oppo- 
site the  bases  of  the  cones  the  efferent  vessels  open  at  narrow  intervals  into  a 
single  duct,  which  constitutes,  by  its  complex  convolutions,  the  body  and  globus 
minor  of  the  epididymis.     When  the  convolutions  of  this  tube  are  unravelled  it 
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measures  upward  of  twenty  feet  in  length,  and  increases  in  breadth  and  thick- 
ness as  it  approaches  the  vas  deferens.  The  convolutions  are  held  together  by  fine 
areolar  tissue   and  by  bands  of  fibrous  tissue. 

The  vasa  recta  are  of  smaller  diameter  than 
the  seminal  tubes,  and  have  very  thin  parietes. 
They,  as  well  as  the  channels  of  the  rete  testis, 
are  lined  by  a  single  layer  of  flattened  epithe- 
lium. The  vasa  eflerentia  and  the  tube  of  the  _^ 
epididymis  have  walls  of  considerable  thickness, 
on  account  of  the  presence  in  them  of  muscular 
tissue,  which  is  principally  arranged  in  a  circular 
manner.  These  tubes  are  lined  by  columnar 
ciliated  epithelium. 

The  Vaa  Deferens,  the  excretory  duct  of  the 
testis,  is  the  continuation  of  the  epididymis. 
Commencing  at  the  lower  part  of  tne  globus 
minor,  it  ascends  along  the  posterior  surface  of 
the  testis  and  inner  side  of  the  epididymis,  and 
along  the  back  part  of  the  spermatic  cord, 
through  the  spermatic  canal  to  the  internal  or 
deep  abdominal  ring.  From  the  ring  it  curves 
round  the  outer  side  of  the  epigastric  artery, 
crosses  the  external  iliac  vessels,  and  descends 
into  the  pelvis  at  the  side  of  the  bladder;  it 
arches   backward    and   downward   to   its   base,  ^ 

crossing  over  the  obliterated  hypogastric  artery  oie,  u 
and  to  the  inner  side  of  the  ureter.  At  the  base 
of  the  bladder  it  lies  between  that  viscus  and  the  rectum,  ruDoing  along  the  inner 
border  of  the  vesicula  seminalis.  In  this  situation  it  becomes  enlarged  and 
sacculated,  forming  the  ampulla,  and  then,  becoming  narrowed  at  the  base  of  the 
prostate,  unites  with  the  duct  of  the  vesicula  seminalis  to  form  the  ejaculatory 
duct.  The  vas  deferens  presents  a  hard  and  cord-like  sensation  to  the  fingers ;  it 
is  about  two  feet  in  length,  of  cylindrical  form,  and  about  a  line  and  a  quarter  in 
diameter.  Its  walls  are  dense,  measuring  one-third  of  a  line,  and  its  canal  is 
extremely  small,  measuring  about  half  a  line. 

Structure. — The  vas  deferens  consists  of  three  coats  ;  1.  An  external  or  cellular 
coat.  2.  A  muscular  coat,  which  in  the  greater  part  of  the  tube  consists  of  two 
layers  of  unstripcd  muscular  fibre  ;  an  outer,  longitudinal  in  direction,  and  an 
inner,  circular  ;  but  in  addition  to  these,  at  the  commencement  of  the  vas  deferens, 
there  is  a  third  layer,  consisting  of  longitudinal  fibres,  placed  internal  to  the  circular 
stratum,  between  it  and  the  mucous  membrane.  'A.  An  internal  or  mucous  coat, 
which  is  pale,  and  arranged  in  longitudinal  folds ;  its  epithelial  covering  is  of  the 
columnar  variety, 

A  long  narrow  tube,  the  vas  aberrant  of  Haller,  is  occasionally  found  connected 
with  the  lower  part  of  the  canal  of  the  epididymis  or  with  the  commencement  of 
the  vas  deferens.  It  extends  up  into  the  cord  for  about  two  or  three  inches,  where 
it  terminates  h\  a  blind  extremity,  which  is  occasionally  bifurcated.  Its  length 
varies  from  an  inch  and  a  half  to  fourteen  inches,  and  sometimes  it  becomes  dilated 
toward  its  extremity;  more  commonly  It  retains  the  same  diameter  throughout. 
Its  structure  is  similar  to  that  of  the  vas  deferens.  Occasionally  it  is  found 
unconnected  with  the  epididymis. 

Snrgicat  Anatomy. — The  testicle  ireniiuiitly  requires  removal  for  malignant  disease;  in 
tuberculous  disease,  Co  prevent  systemic  injection ;  in  cyatic  disease ;  in  cases  of  large  hemin 
testis,  and  in  some  instances  of  incompletely  descended  or  misplaced  testicle.  The  operation  is 
a  comparatively  simple  one-  An  incision  is  made  from  the  external  ring  Xa  the  bottom  of  tlie 
scrotum  into  tne  tunica  vaginalis.  The  coverings  are  shelled  off  the  orpan,  and  the  nicsorchium, 
stretching  between  tlie  IhicI^  of  the  testicle  and  the  scrotum,  divided.  The  cord  is  then  isolated, 
and  an  aneurism  needle,  armed  with  a  double  ligature,  passed  under  it,  as  high  as  la  thought 
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neceesuy,  and  the  cord  tied  in  two  places,  aod  divided  between  the  ligatures.  Sometimes,  in 
cases  of  malignant  disease,  it  is  deuiuble  to  open  the  inguinal  canal  and  tie  the  cord  as  near  the 
intenial  abdominal  ring  as  possible. 

VTJRTnTTT.JB    SEBONAIiES. 
The  Seminal  Vesicles  are  two  lobulated  membranouB  pouches  placed  betweeo  the 
baaeof  the  bladder  and  the  rectum,  serving  aa  reservoirs  for  the  semen,  and  secreting 
a  fluid  to  be  added  to  the  secretion  of  the  testicles.  Each  sac  is  somewhat  pyramidal 


le  bladder,  wllh  the  vua  deferenlla  and  vesicnlEf  Bemiaalei. 


in  form,  the  broad  end  being  directed  backward  and  the  narrow  end  forward  toward 
the  prostate.  They  measure  about  two  and  a  half  inches  in  length,  aboat  five  lines 
in  breadth,  and  two  or  three  lines  in  thickness.  They  vary,  however,  in  size, 
not  only  in  different  individuals,  but  also  in  the  same  individual  on  the  two  sides. 
Their  upper  surface  is  in  contact  with  the  base  of  the  bladder,  extending  from  near 
the  termination  of  the  ureters  to  the  base  of  the  prostate  gland.  Their  under  wurface 
rests  upon  the  rectum,  from  which  they  are  separated  by  the  recto-veaical  fascia. 
Their  posterior  extremities  diverge  from  each  other.  Their  anterior  extremities  are 
pointed,  and  converge  toward  the  base  of  the  prostate  gland,  where  each  joins  with 
the  corresponding  vas  deferens  to  form  the  ejaculatory  duct.  Along  the  inner 
margin  of  each  ve.sicuia  runs  the  enlarged  and  convoluted  vas  deferens.  The  inner 
border  of  the  vesiculie  and  the  corresponding  vas  deferens  form  the  lateral 
boundaries  of  a  triangular  space,  limited  behind  by  the  recto-vesical  peritoneal 
fold;  the  portion  of  the  bladder  included  in  this  space  rests  on  the  rectum,  and 
corresponds  with  the  trigonum  vesicse  in  its  interior. 

Each  vesicula  consists  of  a  single  tube,  coiled  upon  itself  and  giving  off  several 
irregular  csecal  diverticula,  the  separate  coils,  as  well  as  the  diverticula,  being 
connected  together  by  fibrous  tissue.  When  uncoiled  this  tube  is  about  the 
diameter  of  a  quill,  and  varies  in  length  from  four  to  six  inches ;  it  terminates 
posteriorly  in  a  cul-de-sac ;  its  anterior  extremity  becomes  constricted  into  a  nar- 
row straight  duct,  which  joins  on  its  inner  side  with  the  corresponding  vas  deferens, 
and  forms  the  ejaculatory  duct. 

The  ejaculatory  ducts,  two  in  number,  one  on  each  side,  are  formed  by  the 
junction  of  the  ducts  of  the  vesiculte  sominales  with  the  vftsa  deferentia.  Each 
duct  is  about  three-quarters  of  an  inch  in  length ;  it  commences  at  the  base  of  the 
prostate,  and  runs  forward  and  upward  in  a  canal  in  its  substance,  and  along  the 
side  of  the  sinus  pocularis,  to  terminate  by  a  separate  slit-like  orifice  close  to  or 
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just  within  the  margins  of  the  sinus.  The  ducts  diminish  in  size  and  converge 
toward  their  termination. 

Structure. — The  vesiculae  seminales  are  composed  of  three  coats  :  an  external 
or  fihro-cellular ;  a  middle  or  muscular  coat,  which  is  thinner  than  in  the  vas 
deferens :  the  muscular  fibres  are  arranged  in  three  layers,  consisting  of  an  inner 
and  outer  longitudinal  stratum  and  an  intermediate  layer  of  circular  fibres ;  and 
an  internal  or  mucoibs  coat,  which  is  pale,  of  a  whitish-brown  color,  and  presents 
a  delicate  reticular  structure,  like  that  seen  in  the  gall-bladder,  but  the  meshes  are 
finer.     The  epithelium  is  columnar. 

The  coats  of  the  ejaculatory  ducts  are  extremely  thin.  They  are :  an  outer 
fibrous  layer,  which  is  almost  entirely  lost  after  their  entrance  into  the  prostate ; 
a  layer  of  muscular  fibres,  consisting  of  an  outer  thin  circular  and  an  inner 
longitudinal  layer ;  and  the  mucous  membrane,  forming  the  only  constituents  of 
the  tubes. 

Vessels  and  Nerves. — The  arteries  supplying  the  vesiculae  seminales  are  derived 
from  the  middle  and  inferior  vesical  and  middle  haemorrhoidal.  The  veins  and 
lymphatics  accompany  the  arteries.  The  nerves  are  derived  from  the  pelvic 
plexus. 

Surgical  Anatomy.— The  vesiculse  seminales  are  often  the  seat  of  an  extension  of  the 
disease  in  cases  of  tuberculous  disease  of  the  testicle,  and  should  always  be  examined  from  the 
rectum  before  coming  to  a  decision  with  regard  to  castration  in  this  affection. 

Descent  of  the  Testes. 

The  testes  at  an  early  period  of  foetal  life  are  placed  at  the  back  part  of  the 
abdominal  cavity,  behind  the*  peritoneum,  in  front  and  a  little  below  the  kidneys. 
The  anterior  surface  and  sides  are  invested  by  peritoneum.  At  about  the  third 
month  of  intra-ut«rine  life  a  peculiar  structure,  the  gubernaculum  testis,  makes  its 
appearance.  This  structure  is  at  first  a  slender  band  which  extends  from  the 
situation  of  the  internal  ring  to  the  epididymis  and  body  of  the  testicle,  and  is 
then  continued  upward  in  front  of  the  kidney  toward  the  Diaphragm.  As 
development  advances  the  peritoneum  covering  the  testicle  encloses  it  and  forms 
a  mesentery,  the  mesorcliium,  which  also  encloses  the  gubernaculum  and  forms  two 
folds — one  above  the  testicle,  and  the  other  below  it.  The  one  above  the  testicle  is 
the  plica  vascularis,  and  contains  ultimately  the  spermatic  vessels ;  the  one  below, 
the  plica  gubernatrix,  contains  the  lower  part  of  the  gubernaculum,  which  has  now 
grown  into  a  thick  cord ;  it  terminates  below  at  the  internal  ring  in  a  sort  of  tube, 
the  processus  vaginalis,  which  protrudes  itself  down  the  inguinal  canal.  The  lower 
part  of  the  gubernaculum  by  the  fifth  month  has  become  a  thick  cord,  whilst  the 
upper  part  has  disappeared.  The  lower  part  can  now  be  seen  to  consist  of  a  cen- 
tral core  of  unstriped  muscle-fibre,  and  outside  this  of  a  firm  layer  of  striped 
elements,  connected,  behind  the  peritoneum,  with  the  abdominal  wall.  Later  on, 
about  the  sixth  month,  the  lower  end  of  the  gubernaculum  can  be  traced  into  the 
inguinal  canal,  extending  to  the  pubes,  and,  at  a  later  period,  to  the  bottom  of 
the  scrotum.  The  fold  of  peritoneum  constituting  the  processus  vaginalis  pro- 
jects itself  downward  into  the  inguinal  canal,  forming  a  gradually  elongating 
depression  or  cul-de-sac,  which  eventually  reaches  the  bottom  of  the  scrotum,  and 
into  this  the  testicle  is  drawn  by  the  growth  of  the  body  of  the  foetus,  for  the 
gubernaculum  does  not  grow  commensurately  with  the  growth  of  other  parts,  and 
therefore  the  testicle,  being  attached  by  the  gubernaculum  to  the  bottom  of  the 
scrotum,  is  prevented  from  rising  as  the  body  grows,  and  is  drawn  first  into  the 
inguinal  canal,  and  eventually  into  the  scrotum.  By  the  eighth  month  the 
testicle  has  reached  the  scrotum,  preceded  by  the  lengthened  pouch  of  peritoneum, 
the  processus  vaginalis,  which  communicates  by  its  upper  extremity  with  the  per- 
itoneal cavity.  Just  before  birth  the  upper  part  of  the  pouch  usually  becomes 
closed,  and  this  obliteration  extends  gradually  downward  to  within  a  short  dis- 
tance of  the  testis.     The  process  of  peritoneum  surrounding  the  testis,  which  is 
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now  entirely  cut  ofiF  from  the  general  peritoneal  cavity,  constitutes  the  txmca 
vaginalis} 

In  the  female,  a  small  cord,  corresponding  to  the  gubernaculum  in  the 
male,  descends  to  the  inguinal  region,  and  ultimately  forms  the  round  ligament 
of  the  uterus.  A  pouch  of  peritoneum  accompanies  it  along  the  inguinal  canal, 
analogous  to  the  processus  vaginalis  in  the  male :  it  is  called  the  canal  of  Nuch 

Surgical  Anatomy. — Abnormalities  in  the  formation  and  in  the  descent  of  the  testicle  may 
occur.  The  testicle  may  fail  to  be  developed,  or  the  testicle  may  be  fully  developed  and  the 
vas  deferens  may  be  undeveloped  in  whole  or  part ;  or,  again,  both  testicle  and  vas  deferens 
may  be  Mly  developed,  but  the  duct  may  not  become  connected  to  the  gland.  The  testicle  may 
fail  in  its  descent  or  it  may  descend  into  some  abnormal  position.  Thus  it  may  be  retained  in 
the  position  where  it  was  primarily  developed,  below  the  kidney ;  or  it  may  descend  to  the 
internal  abdominal  ring,  but  fail  to  pass  through  this  opening ;  it  may  be  retained  in  the  inguinal 
canal,  which  is  perhaps  the  most  common  position;  or  it  may  pass  through  the  external 
abdominal  ring  and  remain  just  outside  it,  failing  to  pass  to  the  bottom  of  the  scrotum.  On  the 
other  hand,  it  may  get  into  some  abnormal  position :  it  may  pass  the  scrotum  and  reach  the 
perinseum,  or  it  may  fail  to  enter  the  inguinal  canal,  and  may  find  its  way  through  the  femoral 
ring  into  the  crural  canal,  and  present  itself  on  the  thigh  at  the  saphenous  opening.  There  is 
still  a  third  class  of  cases  of  abnormality  of  the  testicle,  where  the  or^n  has  descended  in  due 
course  into  the  scrotum,  but  is  malplaced.  The  most  common  form  oi  this  is  where  the  testicle 
IS  inverted ;  that  is  to  say,  the  organ  is  rotated,  so  that  the  epididymis  is  connected  to  the  front 
of  the  scrotum,  and  the  body,  surrounded  by  the  tunica  vaginalis,  is  directed  backward,  hi 
these  cases  the  vas  deferens  is  to  be  felt  in  the  front  of  the  cord.  The  condition  is  of  importanee 
in  connection  with  hydrocele  and  haamatocele,  and  the  position  of  the  testicle  should  always  he 
carefully  ascertained  before  performing  any  operation  for  these  affections.  Again,  more  rarely, 
the  testicle  may  be  reversed.  This  is  a  condition  in  which  the  top  of  the  testicle,  indicated  hy 
the  globus  major  of  the  epididymis,  is  at  the  bottom  of  the  scrotum,  and  the  vas  deferens  comes 
off  from  the  summit  of  tne  organ. 

^  The  obliteration  of  the  process  of  peritoneum  which  acoomj^anies  the  cord,  and  is  hence  called 
the  funicular  process^  is  often  incomplete.     See  section  on  Inguinal  Hernia. 


THE  FEMALE  GENERATIVE  ORGANS. 


EXTERNAL  ORGANS. 


THE  Eztamal  Orguis  of  Oeneratlon  in  the  Female  are :  the  mons  Veneris,  the 
labia  majora  and  miaora,  the  elitoria,  the  meatus  urinarius,  and  the  orifice  of 


FiQ.  611.— The  vulra.    Exlcrnal  fumale  orgnni  of  ^nerallon. 

the  vagina.  The  term  "vulva"  or  "pudendum,"  as  generally  applied,  includes 
all  these  parts. 

The  Hons  VeneriB  is  the  rounded  eminence  in  front  of  the  pubic  symphysis, 
formed  by  a  collection  of  fatty  tissue  beneath  the  integument.  It  surmounts  the 
vulva,  and  becomes  covered  with  hair  at  the  time  of  puberty. 

The  Labia  Uajora  are  two  prominent  longitudinal  cutaneous  folds  extending 
downward  from  the  mons  Veneris  to  the  anterior  boundary  of  the  perinreum.  and 
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enclosing  the  common  urino-eexual  opening.  Each  labium  is  formed,  extemallY, 
of  integument  covered  with  hair;  internally,  of  mucous  membrane'  which  ig 
continuous  viith  the  genitourinary  mucous  tract,  and,  between  the  two,  of  a 
considerable  quantity  of  areolar  tissue,  fat,  and  a  tissue  resembling  the  dartos  of 
the  scrotum,  besides  vessels,  nerves,  and  glands.  The  labia  are  thicker  in  froDt. 
where  they  form  by  their  meeting  the  anterior  commissure.  Posteriorly  they  &re 
not  really  joined,  but  appear  to  become  lost  in  the  neighboring  inlegumeDt. 
terminating  close  to,  and  nearly  parallel  with,  each  other.  Together  with  the 
connecting  skin  between  them,  they  form  the  posterior  commissure  or  posterior 
boundary  of  the  vulval  orifice.     The  interval  between  the  posterior  commissure  and 


Fro.  eii— Vertical  meriian  lerilon  of  thr  fem«1c  pelvle. 

the  anus,  about  an  inch  to  an  inch  and  a  quarter  in  length,  constitutes  ihe 
periofeum.  The  fourehette  is  the  anterior  edge  of  the  perinseum,  and  between  it 
and  the  hymen  is  a  depression,  the  fossa  navicularis.  The  labia  correspond  to  the 
scrotum  in  the  male. 

'  The  Labia  Minora,  or  Nympha,  are  two  small  cutaneous  folds,  situated  within 
the  labia  majora,  and  extending  from  the  clitoris  obliquely  downward,  outward, 
and  backward  for  about  an  inch  and  a  half  on  each  side  of  the  orifice  of  the 
vagina,  between  which  and  the  labia  majora  they  are  lost.  Anteriorly,  the  two 
labia  minora  meet  and  form  the  /r<mum  of  the  clitoris.  The  prepuce  of  the 
clitoris,  passing  backward  on  each  side,  is  inserted,  as  it  were,  into  the  labia,  but 
is  not  actually  a  part  of  them.  The  nympbte  are  really  modified  skin.  Their 
internal  surfaces  have  numerous  sebaceous  follicles. 

The  Olitoris  is  an  erectile  structure  analogous  to  the  corpora  cavernosa  of  the 

'  The  term  mucous  inemlirane  ia  lined  here  in   its  broad  seme  to  denote  «n  internal  aurfsce  kepi 
communicating  direttly  or  indii«ct)y  with  the  ertemsl  air. 
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penis.  It  is  situated  beneath  the  anterior  commissure,  partially  hidden  between  the 
anterior  extremities  of  the  labia  minora.  It  is  connected  to  the  rami  of  the  os  pubis 
and  ischium  on  each  side  by  a  crus  ;  the  body  is  short  and  concealed  beneath  the 
labia ;  the  free  extremity,  or  glans  elitoridis,  is  a  small  rounded  tubercle,  consisting 
of  spongy  erectile  tissue,  and  highly  sensitive.  It  is  provided,  like  the  penis,  with 
a  suspensory  ligament,  and  with  two  small  muscles,  the  Erectores  clitoridis,  which 
are  inserted  into  the  crura  of  the  clitoris.  The  clitoris  consists  of  two  corpora 
cavernosa,  composed  of  erectile  tissue  enclosed  in  a  dense  layer  of  fibrous 
membrane,  united  together  along  their  inner  surfaces  by  an  incomplete  fibrous 
pectiniform  septum. 

Between  the  clitoris  and  the  entrance  of  the  vagina  is  a  triangular  smooth 
surface,  bounded  on  each  side  by  the  nymphsB ;  this  is  the  vestibule. 

The  orifice  of  the  urethra  (meatus  urinarius)  is  situated  at  the  back  part  of  the 
vestibule,  about  an  inch  below  the  clitoris  and  near  the  margin  of  the  vagina, 
surrounded  by  a  prominent  elevation  of  the  mucous  membrane.  Below  the  meatus 
urinarius  is  the  orifice  of  the  vagina,  more  or  less  closed  in  the  virgin  by  a  mem- 
branous fold,  the  hymen. 

The  Hsrmen  is  a  membranous  fold  which  closes  to  a  greater  or  less  extent  the 
opening  of  the  vagina.  It  varies  much  in  shape.  Its  commonest  form  is  that  of 
a  ring,  generally  broadest  posteriorly  :  sometimes  it  is  represented  by  a  semilunar 
fold,  with  its  concave  margin  turned  toward  the  pubes.  A  complete  septum 
stretched  across  the  lower  part  of  the  vaginal  orifice  is  called  "  imperferate  hymen." 
Occasionally  it  is  cribriform,  or  its  free  margin  forms  a  membranous  fringe,  or  it 
may  be  entirely  absent.  It  may  persist  after  copulation,  so  that  it  cannot  be 
considered  as  a  test  of  virginity.  After  parturition  the  small  rounded  elevations 
known  as  the  carunculce  myrtijormeB  are  found  as  the  remains  of  the  hymen. 

Glands  of  Bartholin. — On  each  side  of  the  commencement  of  the  vagina,  and 
behind  the  hymen,  is  a  round  or  oblong  body,  of  a  reddish-yellow  color,  and  of  the 
size  of  a  horse-bean,  analogous  to  Cowper's  gland  in  the  male.  It  is  called  the 
gland  of  Bartholin,  Each  gland  opens  by  means  of  a  long  single  duct  on  each 
side  external  to  the  hymen. 

Bulbi  Vestibuli. — Extending  from  the  clitoris,  along  either  side  of  the  vestibule, 
and  lying  a  little  behind  the  nymphae,  are  two  large  oblong  masses,  about  an  inch 
in  length,  consisting  of  a  plexus  of  veins  enclosed  in  a  thin  layer  of  fibrous 
membrane.  These  bodies  are  narrow  in  front,  rounded  below,  and  are  connected 
with  the  crura  of  the  clitoris  and  rami  of  the  pubes :  they  are  termed  by  Kobelt  the 
hulbi  vestibuli^  and  he  considers  them  analogous  to  the  bulb  of  the  corpus 
spongiosum  in  the  male.  Immediately  in  front  of  these  bodies  is  a  smaller  venous 
plexus,  continuous  with  the  bulbi  vestibuli  behind  and  the  glans  clitoridis  in  front: 
it  is  called  by  Kobelt  the  para  intermedia^  and  is  considered  by  him  as  analogous 
to  that  part  of  the  body  of  the  corpus  spongiosum  which  immediately  succeeds 
the  bulb. 

BELATIONS  OF  THE  BLADDEB. 

The  Bladder  is  situated  at  the  anterior  part  of  the  pelvis.  It  is  in  relation,  in 
fronts  with  the  symphysis  pubis ;  behind^  with  the  utero- vesical  pouch  of  peritoneum, 
which  separates  it  from  the  body  of  the  uterus ;  its  base  lies  in  contact  with  the 
connective  tissue  in  front  of  the  cervix  and  upper  part  of  the  vagina.  Laterally^ 
is  the  recto- vesical  fascia.  The  bladder  is  said  by  some  anatomists  to  be  larger  in 
the  female  than  in  the  male.  At  any  rate,  it  does  not  rise  above  the  symphysis 
pubis  till  more  distended  than  in  the  male,  but  this  is  perhaps  owing  to  the  more 
capacious  pelvis  rather  than  to  its  being  of  actually  larger  size. 

THE  UBETHBA. 

The  Urethra  is  a  narrow  membranous  canal,  about  an  inch  and  a  half  in 
length,  extending  from  the  neck  of  the  bladder  to  the  meatus  urinarius.  It  is 
placed  beneath  the  symphysis  pubis,  imbedded  in  the  anterior  wall  of  the  vagina ; 
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and  its  direction  is  obliquely  downward  and  forward,  its  course  being  slightly 
curved,  the  concavity  directed  forward  and  upward.  Its  diameter  when  undilated 
is  about  a  quarter  of  an  inch.  The  urethra  perforates  the  triangular  ligament 
precisely  as  in  the  male. 

Stmctnre. — The  urethra  consists  of  three  coats :  muscular,  erectile,  and  mucous. 

The  muscular  coat  is  continuous  with  that  of  the  bladder ;  it  extends  the  whole 
length  of  the  tube,  and  consists  of  a  circular  stratum  of  muscular  fibres.  In 
addition  to  this,  between  the  two  layers  of  the  triangular  ligament,  the  female 
urethra  is  surrounded  by  the  Compressor  urethrse,  as  in  the  male. 

A  thin  layer  of  spongy  erectile  tissue^  containing  a  plexus  of  large  veins  inter- 
mixed with  bundles  of  unstriped  muscular  fibre,  lies  immediately  beneath  the 
mucous  coat. 

The  mu^au^  coat  is  pale,  continuous  externally  with  that  of  the  vulva,  and 
internally  with  that  of  the  bladder.  It  is  thrown  into  longitudinal  folds,  one  of 
which,  placed  along  the  floor  of  the  canal,  resembles  the  verumontanum  in  the 
male  urethra.  It  is  lined  by  laminated  epithelium,  which  becomes  transitional 
near  the  bladder.     Its  external  orifice  is  surrounded  bv  a  few  mucous  follicles. 

The  urethra,  fi*om  not  being  surrounded  by  dense  resisting  structures^  as  in  the  male,  admits 
of  considerable  dilatation,  which  enables  the  sursreon  to  remove  with  considerable  facility  calculi 
or  other  foreign  bodies  from  the  cavity  of  the  bladder. 

THE  BEOTUM. 

The  Bectum  is  more  capacious  and  less  curved  in  the  female  than  in  the 
male. 

The  first  portion  extends  from  the  left  sacro-iliac  symphysis  to  the  middle  of 
the  sacrum.     Its  connections  are  similar  to  those  in  the  male. 

The  second  portion  extends  to  the  tip  of  the  coccyx.  It  is  covered  in  front  by 
the  peritoneum  for  a  short  distance,  at  its  upper  part :  it  is  in  relation  with  the 
posterior  wall  of  the  vagina. 

The  third  portion  curves  backward  from  the  vagina  to  the  anus,  leaving 
a  space  which  corresponds  on  the  surface  of  the  body  to  the  perinaeum.  Its 
extremity  is  surrounded  by  the  Sphincter  muscles,  and  its  sides  are  supported  by 
the  Lev  at  ores  ani. 

INTERNAL  ORGANS. 

The  Internal  Organs  of  Generation  are — the  vagina,  the  uterus  and  its  append- 
ages, the  Fallopian  tubes,  the  ovaries  and  their  ligaments,  and  the  round  ligaments. 

The  Vagina  extends  from  the  vulva  to  the  uterus.  It  is  situated  in  the  cavity 
of  the  pelvis,  behind  the  bladder  and  in  front  of  the  rectum.  Its  direction  is 
curved  upward  and  backward,  at  first  in  the  line  of  the  outlet,  and  afterward  in 
that  of  the  axis  of  the  cavity  of  the  pelvis.  Its  walls  are  ordinarily  in  contact, 
and  its  usual  shape  on  transverse  section  is  that  of  an  H,  the  transveree  limb 
being  slightly  curved  forward  or  backward,  whilst  the  lateral  limbs  are  somewhat 
convex  toward  the  median  line.  Its  length  is  about  two  inches  along  its  anterior 
wall,  and  two  and  three-quarter  inches  along  its  posterior  wall.  It  is  constricted 
at  its  commencement,  and  becomes  dilated  medially,  and  narrowed  near  its 
uterine  extremity  ;  it  surrounds  the  vaginal  portion  of  the  cervix  uteri,  a  short 
distance  from  the  os,  its  attachment  extending  higher  up  on  the  posterior  than  on 
the  anterior  wall  of  the  uterus. 

Relations. — Its  anterior  surface  is  in  relation  with  the  base  of  the  bladder  and 
with  the  urethra.  Its  posterior  surface  is  connected  for  the  lower  three-fourths  of 
its  extent  to  the  anterior  wall  of  the  rectum,  the  upper  fifth  being  separated  from 
that  tube  by  the  recto-vaginal  fold  of  peritoneum,  which  forms  a  cxd-de-sac  between 
the  vagina  and  rectum.  Its  sides  give  attachment  superiorly  to  the  broad  ligaments, 
and  inferiorlv  to  the  Levatores  ani  muscles  and  recto- vesical  fascia. 

Structure. — The  vagina  consists  of  an  internal  mucous  lining,  of  a  muscular 
coat,  and  between  the  two  of  a  layer  of  erectile  tissue. 


THE    UTERUS.  1051 

The  mucoits  membrane^  is  continuous  above  with  that  lining  the  uterus.  Its 
inner  surface  presents,  along  the  anterior  and  posterior  walls,  a  longitudinal  ridge 
or  raphe,  called  the  colurnns  of  the  vagina^  and  numerous  transverse  ridges  or 
rugae,  extending  outward  from  the  raphe  on  either  side.  These  rugae  are  divided 
by  furrows  of  variable  depth,  giving  to  the  mucous  membrane  the  appearance  of 
being  studded  over  with  conical  projections  or  papillae  ;  they  are  most  numerous 
near  the  orifice  of  the  vagina,  especially  in  females  before  parturition.  The 
epithelium  covering  the  mucous  membrane  is  of  the  squamous  variety.  The 
submucous  tissue  is  very  loose,  and  contains  numerous  large  veins,  which  by  their 
anastomoses  form  a  plexus,  together  with  smooth  muscular  fibres  derived  from 
the  muscular  coat ;  it  is  regarded  by  Gussenbauer  as  an  erectile  tissue.  It  contains 
a  number  of  mucous  crypts,  but  no  true  glands. 

The  muscular  coat  consists  of  two  layers :  an  external  longitudinal,  which  is 
far  the  stronger,  and  an  internal  circular  layer.  The  longitudinal  fibres  are 
continuous  with  the  superficial  muscular  fibres  of  the  uterus.  The  strongest 
fasciculi  are  those  attached  to  the  recto-vesical  fascia  on  each  side.  The  two  layers 
are  not  distinctly  separable  from  each  other,  but  are  connected  by  oblique  decus- 
sating fasciculi  which  pass  from  the  one  layer  to  the  other.  In  addition  to  this 
the  vagina  at  its  lower  end  is  surrounded  by  a  band  of  striped  muscular  fibres,  the 
sphincter  vaginai  (see  page  466). 

External  to  the  muscular  coat  is  a  layer  of  connective  tissue  containing  a 
large  plexus  of  blood-vessels. 

The  erectile  tissue  consists  of  a  layer  of  loose  connective  tissue  situated  between 
the  mucous  membrane  and  the  muscular  coat ;  imbedded  in  it  is  a  plexus  of  large 
veins,  and  numerous  bundles  of  unstriped  muscular  fibres  derived  from  the  circular 
muscular  layer.  The  arrangement  of  the  veins  is  similar  to  that  found  in  other 
erectile  tissues. 

THE  UTERUS. 

The  Uterus  is  the  organ  of  gestation,  receiving  the  fecundated  ovum  in  its  cavity, 
retaining  and  supporting  it  during  the  development  of  the  foetus,  and  becoming 
the  principal  agent  in  its  expulsion  at  the  time  of  parturition. 

In  the  virgin  state  it  is  pear-shaped,  flattened  from  before  backward,  and 
situated  in  the  cavity  of  the  pelvis  between  the  bladder  and  the  rectum ;  it  is 
retained  in  its  position  by  the  round  and  broad  ligaments  on  each  side,  and  projects 
into  the  upper  end  of  the  vagina  below.  Its  upper  end,  or  base,  is  directed 
upward  and  forward ;  its  lower  end,  or  apex,  downward  and  backward,  in  the 
line  of  the  axis  of  the  inlet  of  the  pelvis.  It  therefore  forms  an  angle  with  the 
vagina,  since  the  direction  of  the  vagina  corresponds  to  the  axis  of  the  cavity  and 
outlet  of  the  pelvis.  The  uterus  measures  about  three  inches  in  length,  two  in 
breadth  at  its  upper  part,  and  nearly  an  inch  in  thickness,  and  it  weighs  from  an 
ounce  to  an  ounce  and  a  half. 

It  consists  of  two  parts :  (1)  the  body^  with  its  upper  broad  extremity,  the 
fundus  ;  and  (2)  the  cervix^  or  neck^  w^hich  is  partly  above  the  vagina  and  partly 
in  the  vagina.  The  fundus  is  placed  on  a  line  below  the  level  of  the  brim  of  the 
pelvis,  being  directed  forward  behind  the  upper  portion  of  the  anterior  pelvic 
wall. 

The  division  between  the  body  and  cervix  is  indicated  externally  by  a  slight 
constriction,  and  by  the  reflection  of  the  peritoneum  from  the  anterior  surface  of 
the  uterus  on  to  the  bladder,  and  internally  by  a  narrowing  of  the  canal,  called 
the  internal  os. 

The  body  gradually  narrows  from  the  fundus  to  the  neck.  Its  anterior  surface 
is  flattened,  covered  by  peritoneum  in  the  upper  three-fourths  of  its  extent,  and 
separated  from  the  bladder  by  the  utero-vesical  pouch.  Its  posterior  surface  is 
convex  transversely,  covered  by  peritoneum  throughout,  and  separated  from  the 
rectum  by  some  convolutions  of  the  intestine.    Its  lateral  margins  are  concave,  and 

*  See  foot-note,  page  1048. 
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give  attachment  to  the  Fallopian  tube  above,  the  round  ligameat  below  and  in  front 
of  this,  and  the  ligament  of  the  ovary  behind  and  between  both  of  these  Btruciures. 

The  cervix  is  the  lower  constricted  segment  of  the  ut«rus ;  around  its  circuio- 
ference  is  attached  the  upper  end  of  the  vagina,  which  extends  upward  a  greater 
distaoce  behind  than  in  front. 

The  supravaginal  portion  is  not  covered  by  peritoneum  in  front ;  a  pad  nf 
cellular  tissue  is  interposed  between  it  and  the  bladder.  Behind,  the  peritoneum 
is  extended  over  it.  The  vaginal  portion  is  the  rounded  lower  end  projectine;  into 
the  vagina.  On  its  surface  is  a  small  aperture,  the  og  uteri,  generally  circular  in 
shape,  but  sometimes  oval  or  almost  linear.  The  marg^ln  of  the  opening  is,  in  the 
absence  of  past  parturition  or  disease,  quite  smooth. 

Ligaments. — ^Thc  ligaments  of  the  uterus  are  eight  in  number:  one  anterior; 


Fio.  aiS.— Douglas'*  pouch.    (Kniui  «  pteiiaraitun  In  the  Museum  of  the  Royiil  Collej^e  of  Surgeom.l 

one  posterior ;  two  lateral  or  broad;  two  sacro-uterine, — all  these  being  formed 
of  peritonetim — and.  lastly,  two  round  ligaments. 

The  anffWor  %flmen(  (vesico-uterine)  is  reflected  onto  the  bladder  from  the 
front  of  the  uterus,  at  the  junction  of  the  supravaginal  cervix  and  body. 

The  po»tcrior  ligament  (recto-uterine)  passes  from  the  posterior  wall  of  tbe 
uterus  over  the  upper  fifth  of  the  vagina,  and  thence  on  to  the  rectum  and  sacmni. 
It  thus  forms  a  pouch  called  Douglit»'»  pouch  (Fig.  613),  the  boundaries  of  which 
are,  in  front,  the  posterior  wall  of  the  uterus,  the  supravaginal  cervix,  and  ibe 
upper  fifth  of  the  vagina;  behind,  the  rectum  and  sacrum;  above,  the  small 
intestine;  and,  laterally,  the  sacro-uterine  ligaments. 

The  two  lateral  or  troad  lignmenta  pass  from  the  sides  of  the  uterus  to  the 
lateral  walls  of  tbe  pelvis,  forming  a  septum  across  the  pelvis,  which  divides  that 
cavity    into   two   portions.     In  the   anterior   part   are   contained   the   bladder. 
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urethra,  and  vagina ;  in  the  posterior  part,  the  rectum.  Between  the  two  layers 
of  each  broad  ligament  are  contained---(l)  the  Fallopian  tubes  superiorly ;  (2)  the 
round  ligament;  (3)  the  ovary  and  its  ligament;  (4)  the  parovarium,  or  organ 
of  Rosen  mil  Her ;  (5)  connective  tissue;  and  (6)  unstriped  muscular  6ore. 
Between  the  fimbriated  extremity  of  the  tube  and  the  lower  attachment  of 
the  broad  ligament  is  a  concave  rounded  margin  called  the  infundibulo-pelvic  liga- 
ment (Fig.  616). 

The  gaero-uterine  ligaments  pass  from  the  second  and  third  bones  of  the  sacrum, 
downward  and  forward,  to  be  attached  one  on  each  side  of  the  uterus  at  the  junc- 
tion of  the  supravagin^  cervix  and  the  body,  this  point  corresponding  internally 
to  the  position  of  the  os  internum. 

The  cavitr  of  the  ntems  is  small  in  comparison  with  the  size  of  the  organ: 


.    (From  a  preparatfon  In  the  Mueeum  at  the  Royal  CoUcge 

that  portion  of  the  cavity  which  corresponds  to  the  body  is  triangular,  flattened 
from  before  backward,  so  that  its  walls  are  closely  approximated,  and  having  its 
base  directed  upward  toward  the  fundus.  At  each  superior  angle  is  a  funnel- 
shaped  cavity,  which  constitutes  the  remains  of  the  division  of  the  body  of  the 
uterus  into  two  cornua,  and  at  the  bottom  of  each  cavity  is  the  minute  orifice  of 
the  Fallopian  tube.  At  the  inferior  angle  of  the  uterine  cavity  is  a  small  con- 
stricted opening,  the  internal  orifice  (ostium  internum),  which  leads  into  the 
cavity  of  the  cervix. 

The  cavity  of  the  cervix  is  somewhat  fusiform,  flattened  from  before  backward, 
broader  at  the  middle  than  at  either  extremity,  and  communicates  below  with  the 
vagina.  The  wall  of  the  canal  presents,  anteriorly  and  posteriorly,  a  longitudinal 
column,  from  which  proceed  a  number  of  small  oblique  columns,  giving  the 
appearance  of  branches  from  the  stem  of  a  tree ;  and  hence  the  name  arbor  vitce 
uterina  applied  to  it.  These  folds  usually  become  very  indistinct  after  the  first 
labor. 

Straeture. — The  uterus  is  composed  of  three  coats — an  external  serous  coat,  a 
middle  or  muscular,  and  an  internal  mucous  coat. 
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The  serous  coat  is  derived  from  the  peritoneum ;  it  invests  the  fundus  and  the 
whole  of  the  posterior  surface  of  the  body  of  the  uterus,  but  only  the  upper 
three-fourths  of  its  anterior  surface.  In  the  lower  fourth  of  the  posterior  sur- 
face the  peritoneum,  though  covering  the  uterus,  is  not  closely  connected  with 
it,  being  separated  from  it  by  a  layer  of  loose  cellular  tissue  and  some  large 
veins. 

The  muscular  coat  forms  the  chief  bulk  of  the  substance  of  the  uterus.  In 
the  unimpregnated  state  it  is  dense,  firm,  of  a  grayish  color,  and  cuts  almost  like 
cartilage.  It  is  thick  opposite  the  middle  of  the  body  and  fundus,  and  thin  at 
the  orifices  of  the  Fallopian  tubes.  It  consists  of  bundles  of  unstriped  muscular 
fibres,  disposed  in  layers,  intermixed  with  areolar  tissue,  blood-vessels,  lymphatic 
vessels,  and  nerves.  In  the  impregnated  state  the  muscular  tissue  becomes  more 
prominently  developed,  and  is  disposed  in  three  layers — external,  middle,  and 
internal. 

The  external  layer  is  placed  beneath  the  peritoneum,  disposed  as  a  thin  plane 
on  the  anterior  and  posterior  surfaces.  It  consists  of  fibres  which  pass  trans- 
versely across  the  fundus,  and,  converging  at  each  superior  angle  of  the  uterus, 
are  continued  on  the  Fallopian  tube,  the  round  ligament,  the  ligament  of  the 
ovary :  some  passing  at  each  side  into  the  broad  ligament,  and  others  running 
backward  from  the  cervix  into  the  recto-uterine  ligaments. 

The  middle  layer  of  fibres,  which  is  thickest,  presents  no  regularity  in  its 
arrangement,  being  disposed  longitudinally,  obliquely,  and  transversely.  It  con- 
tains most  blood-vessels. 

The  internal  or  deep  layer  consists  of  circular  fibres  arranged  in  the  form  of 
two  hollow  cones,  the  apices  of  which  surround  the  orifices'of  the  Fallopian  tubes, 
their  bases  intermingling  with  one  another  on  the  middle  of  the  body  of  the  uterus. 
At  the  internal  os  these  circular  fibres  form  a  distinct  sphincter. 

The  mucous  membrane  is  thin,  smooth,  and  closely  adherent  to  the  subjacent 
tissue.  It  is  continuous,  through  the  fimbriated  extremity  of  the  Fallopian 
tubes,  with  the  peritoneum,  and  through  the  os  uteri  with  the  lining  of  the 
vagina. 

In  the  body  of  the  uterus  it  is  smooth,  soft,  of  a  pale  red  color,  lined  by  colum- 
nar ciliated  epithelium,  and  presents,  when  viewed  with  a  lens,  the  orifices  of 
numerous  tubular  follicles  arranged  perpendicularly  to  the  surface.  It  is  unpro- 
vided with  any  submucosa,  but  is  intimately  connected  with  the  innermost  layer 
of  the  muscular  coat,  which  by  some  anatomists  is  regarded  as  the  muscularis 
mucosae.  In  structure  it  difiers  from  ordinary  mucous  membrane,  consisting  of  an 
embryonic  nucleated  and  highly  cellular  form  of  connective  tissue  in  which  run 
numerous  large  lymphatics.  In  it  are  the  tube-like  uterine  glands^  which  are 
of  small  size  in  the  unimpregnated  uterus,  but  shortly  after  impregnation  become 
enlarged,  elongated,  presenting  a  contorted  or  waved  appearance  toward  their 
closed  extremities,  which  reaches  into  the  muscularis,  and  may  be  single  or  bifid. 
They  consist  of  a  delicate  membrane,  lined  by  an  epithelium,  which  becomes 
ciliated  toward  the  orifices.  In  the  impregnated  uterus  the  epithelium  loses  its 
ciliated  character,  is  thicker  and  tougher,  and  is  provided  with  a  submucous  layer 
of  areolar  tissue.  In  the  cervix  the  mucous  membrane  is  sharply  differentiated 
from  that  of  the  uterine  cavity.  It  is  thrown  into  numerous  transverse  folds, 
which  are  arranged  along  an  anterior  and  posterior  longitudinal  raphe,  presenting 
an  appearance  which  has  received  the  name  of  arbor  vitce.  In  the  upper  two-thirds 
of  the  canal  the  mucous  membrane  is  provided  with  numerous  deep  glandular 
follicles,  which  secrete  a  clear  viscid  alkaline  mucus;  and  in  addition,  extending 
through  the  whole  length  of  the  canal,  are  a  variable  number  of  little  cysts, 
presumably  follicles,  which  have  become  occluded  and  distended  with  retained 
secretion.  They  are  called  the  ovula  Nabothi,  The  mucous  membrane  covering 
the  lower  half  of  the  cervical  canal  presents  numerous  papillae.  The  epithelium  of 
the  upper  two-thirds  is  cylindrical  and  ciliated,  but  below  this  it  loses  its  cilia,  and 
gradually  changes  to  squamous  epithelium  close  to  the  external  os. 
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VmmIb  and  Nerres. — The  arteriet  of  the  tUenu  are  the  uterine,  from  the  internal 
iliac,  and  the  ovarian,  from  the  aorta.  The;  are  remarkable  for  their  tortuous 
course  in  the  substance  of  the  organ  and  for  their  frequent  anastomoses.  The 
termination  of  the  ovarian  artery  meets  the  termination  of  the  uterine  arterv,  and 
forms  an  anastomotic  trunk  from  which  branches  are  given  off  to  supplj  the 
uterus,  their  disposition  being,  as  shown  by  John  Williams,  circular.  The  veins 
are  of  large  size,  and  correspond  with  the  arteries.  In  the  impregnated  uterus 
these  vessels  arc  termed  the  lUeriTte  sinuseg,  consisting  of  the  lining  membrane  of 
the  veins  adhering  to  the  walls  of  the  canal  channelled  through  the  substance  of 
the  uterus.  They  terminate  in  the  uterine  plexuses.  The  lymphatics  of  the  body 
terminate  in  the  lumbar  glands,  those  of  the  cervix  in  the  pelvic  glands.     The 


Fro.  61S.— The  arteries  of  Hie  Intertwl  organi  of  generation  of  the  (bmale,  >ee  a  from  behind.    (Aft«r  Hyrtl.) 

nervea  are  derived  from  the  inferior  hypogastric  and  ovarian  plexuses,  and  from 
the  third  and  fourth  sacral  nerves. 

The  form,  size,  and  situatioD  of  the  uterus  vary  at  differeut  periods  of  life  and  under  dif- 
ferent circumstances. 

Ill  tlieftetut  the  uterus  is  contained  in  the  abdominal  cavity,  projecting  beyond  the  brim  of 
the  pelvis.     The  cervix  is  considerably  larger  than  tlie  body. 

At  puberty  the  uterus  is  pyrifurm  in  shape,  and  weighs  from  eiebt  to  ten  dnLchms.  It  lias 
descended  into  the  pelvis,  the  fundus  beins  just  below  the  level  of  the  brim  of  this  cavity.  The 
arbor  viis  is  distinct,  and  extends  to  the  upper  part  of  the  cavity  of  the  organ. 

During  meiiifnuifioii  the  organ  is  enlarged,  and  more  vascular,  ite  surfaces  roimder ;  the 
OS  externum  is  rounded,  its  labia  swollen,  and  the  lining  membrane  of  the  body  thickened, 
Biifter  and  of  a  darker  color.  Aecordinjr  to  J-  WilliamB,  at  each  recurrence  of  menstruation  ii 
molecular  disintegration  of  the  mucous  membrane  takes  place,  which  leads  to  its  complete 
removal,  <miy_  the  bases  of  the  glands  imbe<lded  in  the  muscle  being  left.  At  the  cessation 
of  menstruation  by  a  proliferation  of  the  remaining  structures  a  fresh  mucous  membrane  is 
formed. 

Ditriiig  pregnancy  the  uterus  becomes  enomiously  enlarged,  and  in  the  ninth  month  reaches 
the  epigastric  region.  The  increase  in  size  is  partly  due  to  growth  of  pre-exiating  muscle  and 
partly  to  development  of  new  fibres. 

After  parturition  the  uterus  nearly  regains  its  usual  size,  weighing  about  an  ounce  and  a 
half;  but  its  cavity  is  larger  ihan  in  the  virgin  state,  the  external  orifice  is  more  marked,  iia 
edires  present  a  fissured  siirfai-c,  its  vcsmcIs  arc  tortuous,  and  its  inusculur  layere  are  more 
defined. 
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In  old  age  the  uterus  becomes  atrophied,  and  paler  and  denser  in  texture  ;  a  more  distinct 
constriction  separates  the  body  and  cervix.  The  ostium  internum  and,  occationally,  the  faeioal 
orifice  often  become  obliterated,  and  its  labia  almost  entirely  disappear. 

APPENDAGES  OP  THE  UTERUS. 

The  appendages  of  the  ntenu  are  the  Fallopian  tubeB,  the  ovaries  and  their 
ligaments,  and  the  round  ligamentB.  They  are  placed  in  the  following  order:  in 
front  is  the  round  ligament ;  the  Fallopian  tube  occupies  the  upper  margin  of  the 
broad  ligament ;  the  orary  and  its  ligament  are  behind  and  below  both. 

THE  FALLOPIAN  TUBES. 
The  Fallopian  Tnbes,  or  Orldncts,  convey  the  ova  from  the  ovaries  to  the  carily 
of  the  uterus.  They  are  two  in  number,  one  on  each  side,  situated  in  the  upper 
margin  of  the  broad  ligament,  extending  from  each  suporior  angle  of  the  uterus  to 
the  sides  of  the  pelvis.  Each  tube  is  about  four  inches  in  length  ;  and  is  described 
as  consisting  of  three  portions  :  (1)  the  isfhtnug.  or  inner  constricted  half;  (2)  the 
ampulla,  or  outer  dilated  portion,   which    curves  over    the  ovary ;    and  (3)  the 
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infundihulum  with  ita  ostium  abdominale,  surrounded  by  fimhriee,  one  of  which  is 
attached  to  the  ovary,  the  fimbria  ovarica.  The  general  direction  of  the  Fallopian 
tube  is  outward,  backward,  and  downward.  The  uterine  opening  is  minute,  and 
will  only  admit  a  fine  bristle ;  the  abdominal  opening  is  comparatively  much 
larger.  In  connection  with  the  fimbrise  of  the  Fallopian  tube  or  with  the  broad 
ligament  close  to  them  there  is  frequently  one  or  more  small  vesicles  floating  on 
a  long  stalk  of  peritoneum.  These  are  termed  the  hydatids  of  Morgoffni,  and 
are  probably  the  remains  of  the  terminal  sacs  of  the  Miillerian  duote. 

Structure. — The  Fallopian  tube  consists  of  three  coats — serous,  muscular,  and 


The  external  or  seroue  coat  is  peritoneal. 

The  middle,  or  mv«cular  coat  consists  of  an  external  longitudinal  and  an  internal 
circular  layer  of  muscular  fibres  continuous  with  those  of  the  uterus. 

The  internal  or  mufoiis  coat  is  continuous  with  the  mucous  lining  of  the  uterus 
and,  at  the  free  extremity  of  the  tube,  with  the  peritoneum.  It  is  thrown  into 
longitudinal  folds,  which  in  the  outer,  larger  part  of  the  tube,  or  ampulla,  are  mucli 
more  extensive  than  in  the  narrow  canal  of  the  isthmus.  The  lining  epithelium 
is  columnar  ciliated.  This  form  of  epithelium  is  also  found  on  the  inner  surface 
of  the  fimbrjje,  while  on  the  outer  or  serous  surfaces  of  these  processes  the 
epithelium  gradually  merges  into  the  endothelium  of  the  peritoneum. 
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The  Ovaries  (testes  muliebres,  Galen)  are  analogous  to  the  testes  in  the  male. 
They  are  oval-shaped  bodies  of  an  elungated  form,  flattened  from  above  down- 
ward, situated  one  on  each  side  of  the  uterus,  in  the  posterior  part  of  the  broad 
ligament  behind  and  below  the  Fallopian  tubes.  Each  ovary  is  connected  by  its 
anterior  straight  margin  to  the  broad  ligaments;  by  its  inner  extremity  to  the 
uterus  by  a  proper  ligament,  the  ligament  of  the  ovary ;  and  by  its  outer  end  to 
the  fimbriated  extremity  of  the  Fallopian  tube  by  the  ovarian  fimbria ;  its  superior 
and  inferior  surfaces  and  posterior  convex  border  are  free.  The  ovaries  are  of  a 
grayish-pink  color,  and  present  either  a  smooth  or  puckered,  uneven  surface.  They 
are  each  about  an  inch  and  a  half  in  length,  three-quarters  of  an  inch  In  width, 
and  about  a  third  of  an  inch  thick,  and  weigh  from  one  to  two  drachms. 

The  exact  position  of  the  ovary  has  been  the  subject  of  considerable  difference 
of  opinion,  and  writers  differ  much  as  to  what  is  to  be  regarded  as  the  normal  posi- 
tion. The  fact  appears  to  be  that  it  is  differently  placed  in  different  individuals. 
Hasse  has  described  it  as  being  situated  with  its  long  axis  transverse,  or  almost 
transverse,  to  the  pelvic  cavity.     Schultze,  on  the  other  hand,  believes  that  its 


P:a.  flIT.— The  ulerUB  and  Ita  appendages.  Posterior  view.  The  | 
Ihelr  proper  position  In  the  preparatlun  of  the  niwrimen;  Ihii*  Iht 
Fallopian  lube,  and  the  Umbrlated  eitremllleB  uf  (he  tubes  havu  bei 
preparntlon  la  the  Royal  College  of  Surgeotu.) 

long  axis  is  antero-posterior.  Kolliker  asserts  that  the  truth  lies  between  these 
two  views,  and  that  the  ovary  is  placed  obliquely  in  the  pelvis,  its  long  a.\is  lying 
parallel  to  the  external  iliac  vessels,  with  its  surface  directed  inward  and  outward,  and 
its  convex  free  border  upward.  His  has  made  some  important  observations  on  this 
subject,  and  his  views  are  largely  accepted.  He  teaches  that  the  uterus  rarely  lies 
symmetrically  in  the  middle  of  the  pelvic  cavity,  but  is  generally  inclined  to  one 
or  other  side,  most  frequently  to  the  left,  in  the  proportion  of  three  to  two.  The 
position  of  the  two  ovaries  varies  according  to  the  inclination  of  the  uterus.  When 
the  uterus  is  inclined  to  the  left,  the  ovary  of  this  side  lies  with  its  long  axis 
vertical  and  with  one  side  closely  applied  to  the  outer  wall  of  the  pelvis,  while  the 
ovary  of  the  opposite  aide,  being  dragged  upon  by  the  inclination  of  the  uterus, 
lies  obliquely,  its  outer  extremity  being  retained  in  close  apposition  to  the  side  of 
the  pelvis  by  the  infundibulo-pelvic  ligament  (page  1053).  When,  on  the  other 
hand,  the  uterus  is  inclined  to  the  right,  the  position  of  the  two  ovaries  is  exactly 
reversed,  the  right  being  vertical  and  the  left  oblique.  In  whichever  position  the 
ovary  is  placed,  the  Fallopian  tube  forms  a  -loop  around  it,  the  uterine  half 
ascending  obliquely  over  it,  and  the  outer  half,  including  the  dilated  extremity, 
descending  and  bulging  freely  behind  it.  From  this  extremity  the  fimbrife  pass 
upward  on  to  the  ovary  and  closely  embrace  it. 

Stmctnre. — The  ovary  consists  of  a  number  of  Graafian  vesicles  imbedded  in 
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the  meshes  of  a  stroma  or  framework,  and  invested  by  a  serous  covering  derived 
from  the  peritoneum. 

Serou»  Covering. — Though  the  investing  membrane  of  the  ovarv  is  derived 
from  the  peritoneum,  it  diners  e^entially  from  thai  structure,  inaamueh  as  iis 
epithelium  consists  of  a  single  layer  of  columnar  cells,  instead  of  the  flattene'l 
endothelial  cells  of  other  parts  of  the  membrane;  this  has  been  tei-med  tbe^<''-- 
minal  epithelium  of  Wafdi-i/er,  and  gives  to  the  suifacc  of  the  ovary  a  dull  gray 
aspect  instead  of  the  shining  smoothness  of  serous  membranes  generally. 

Stroma. — The  stroma  is  a  peculiar  soft  tissue,  abundantly  supplied  with  blood- 
vessels, consisting  for  the  most  part  of  spindle-shaped  cells,  with  a  small  amoum 
of  ordinary  connective  tissue.  These  cells  have  been  regarded  by  some  anatomist? 
as  unstriped  muscle-cells,  which,  indeed,  they  most  resemble  (His);  by  others  as 
connective-tissue  cells  (Waldeyer,  Henle,  and  Kolliker).  On  the  surface  of  the 
organ  this  tissue  is  much  condensed,  and  forms  a  layer  composed  of  short  conoec- 
tive-ti.ssue  fibres,  with  fusiform  cells  between  them.  This  was  formerly  regar(ie<l 
as  a  distinct  fibrous  covering,  and  was  tei'med  the  tunica  albuyinea.  but  is  noibing 
more  than  a  condensed  layer  of  the  stroma  of  the  ovary. 

Oraaftan  VasideB. — I'pon  making  a  section  of  an  ovary  numerous  round  trans- 
parent \esiele3  of  various  sizes  are  to  be  seen  ;  they  are  the  Graafian  vesicla.  the 
ovisacs  containing  the  ova.     Immediately  beneath  the  superficial  covering  is  a 
layer  of  stroma,  in  which  are  a  large  number  of  minute  vesicles,  of  unifoim  size, 
about  T^f  of  an  inch  in  diameter.      These  are  the  Graafian  vesicles  in  their  earliest 
condition,  and  the  layer  where  they  are  found  has  been  termed  the  cortical  hii/er. 
They  are  especially  numerous  in  the  ovary  of  the  young  child.     After  puberty 
and  during  the  whole  of  the  child- 
bearing  period  large  and  mature, 
or  almost  mature.   Graafian   vesi- 
cles are  alsii  found  in  the  cortical 
layer  in  "mall  r  umbers    and  a1si> 
"corpo  a  lutea      the   renain*  of 
vesicles  Vi  hich  hat  e  burst  and  are 
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cltK.  D.  An  almiHt  malurc  fuUiolt'.  V.  FiilUrle  trom 
which  the  ovum  has  cscapvd.    10.  Curpua  luleum. 

undergoing  atrophy  and  absorption.  Beneath  this  superficial  stratum  other  large 
and  mure  mature  Graafian  vewieles  are  found  imbedded  in  the  ovarian  stroma. 
These  increase  in  size  as  they  recede  from  the  surface  toward  a  highly  vascular 
stroma  in  the  centre  of  the  organ,  termed  the  mnihiUari/  gwbutance  (zona  vagculoM. 
Waldeyer).  This  stroma  fomis  the  tissue  of  the  hilum  by  which  the  ovary  is 
attached,  and  through  which  the  blood-vessels  enter;  it  does  not  contain  any 
Graafian  vesicles. 

The  Graafian  ri-sicli-s  consist  of  an  external  fibro-vascular  coat  connected  wiih 
the  surrounding  stroma  of  the  ovary  bv  a  network  of  blood-vessels:  and  an 
internal  coat,  named  ovira/iguli:  which  is  lined  by  a  layer  of  nucleated  cells,  called 
the  membrana  i/raniihea.  The  fluid  contained  in  the  interior  of  the  vesicles  is 
tran.iparent  and  albuminous,  and  in  it  is  suspended  the  ovum.  In  that  part  of 
the  mature  (rraiifian  vi'sicle  which  is  nearest  the  surface  of  the  ovary  the  cells  "f 
the  inemhrana  granulosa  are  collected  into  a  mass  which  projects  into  the  cavity 
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of  the  vesicle.     This  is  termed  the  disctis  proligeruSj  and  in  this  the  ovum  is 
imbedded.^ 

The  ova  are  formed  from  the  germ-epithelium  on  the  surface  of  the  ovary :  the 
cells  become  enlarged  and  involuted,  forming  little  depressions  on  the  surface  of 
the  ovary  As  they  sink  deeper  into  the  tissue  they  become  enclosed  by  the  out- 
growth of  processes  from  the  stroma  of  the  ovary,  and,  becoming  surrounded,  their 
connection  with  the  surface  is  cut  off,  and  the  germ-epithelium  forming  the 
involution  is  contained  in  a  cavity,  the  future  Graafian  follicle.  The  germ-cell  or 
cells  now  form  the  ovum  ;  the  cell-wall  forms  the  vitelline  membrane ;  the  nucleus, 
the  germinal  area ;  and  a  nucleolus,  which  soon  appears,  the  germinal  spot.  A 
clear  homogeneous  protoplasm  is  formed  within  the  cell,  constituting  the  yelk,  and 
thus  the  primordial  ovum  is  dev^eloped.  According  to  Dr.  Foullis,  the  cells  of  the 
membrana  granulosa  are  formed  out  of  the  nuclei  of  the  fibro-cellular  stroma  of 
the  ovary.* 

The  development  and  maturation  of  the  Graafian  vesicles  and  ova  continue 
uninterruptedly  from  puberty  to  the  end  of  the  fruitful  period  of  woman's  life, 
while  their  formation  commences  before  birth.  Before  puberty  the  ovaries  are 
small,  the  Graafian  vessels  contained  in  them  are  disposed  in  a  comparatively 
thick  layer  in  the  cortical  substance  ;  here  they  present  the  appearance  of  a  large 
number  of  minute  closed  vesicles,  constituting  the  early  condition  of  the  Graafian 
vesicle ;  many,  however,  never  attain  full  development,  but  shrink  and  disappear, 
their  ova  being  incapable  of  impregnation.  At  puberty  the  ovaries  enlarge,  are 
more  vascular,  the  Graafian  vesicles  are  developed  in  greater  abundance,  and  their 
ova  are  capable  of  fecundation. 

Discharge  of  the  Ovum. — The  Graafian  vesicles,  after  gradually  approaching 
the  surface  of  the  ovary,  burst :  the  ovum  and  fluid  contents  of  the  vesicles  are 
liberated,  and  escape  on  the  exterior  of  the  ovary,  passing  thence  into  the  Fallo- 
pian tube.^ 

In  the  foetus  the  ovaries  are  situated,  like  the  testes,  in  the  lumbar  region,  near 
the  kidneys.  They  may  be  distinguished  from  those  bodies  at  an  early  period  by 
their  elongated  and  flattened  form,  and  by  their  position,  which  is  at  first  oblique 
and  then  nearly  transverse.     They  gradually  descend  into  the  pelvis. 

Lying  above  the  ovary  in  the  broad  ligament  between  it  and  the  Fallopian  tube 
is  the  organ  of  Rosenmilller^  called  also  the  parovarium  or  epod'phoron.  This  is 
the  remnant  of  a  foetal  structure,  the  development  of  which  has  been  described  at  a 
former  page  (page  139).  In  the  adult  it  consists  of  a  few  closed  convoluted  tubes 
lined  with  epithelium,  some  of  them  atrophied,  and  one,  usually  distinguishable 
from  the  rest,  ends  in  a  bulbous  or  hydatid  swelling.  The  parovarium  is  con- 
nected at  its  uterine  extremity  with  the  remains  of  the  Wolflian  duct — the  duct 
of  Gartner. 

The  Ligament  of  the  Ovary  is  a  rounded  cord  which  extends  from  each  superior 
angle  of  the  uterus  to  the  inner  extremity  of  the  ovary ;  it  consists  of  fibrous  tissue 
and  a  few  muscular  fibres  derived  from  the  uterus? 

The  Boond  Ligaments  are  two  rounded  cords,  between  four  and  five  inches  in 
length,  situated  between  the  layers  of  the  broad  ligament  in  front  of  and  below  the 
Fallopian  tube.  Commencing  on  each  side  at  the  superior  angle  of  the  uterus,  this 
ligament  passes  forward,  upward,  and  outward  through  the  internal  abdominal 
ring,  along  the  inguinal  canal,  to  the  labia  majora,  in  which  it  becomes  lost.  The 
round  ligament  consists  principally  of  muscular  tissue  prolonged  from  the  uterus ; 
also  of  some  fibrous  and  areolar  tissue,  besides  blood-vessels  and  nerves,  enclosed 
in  a  duplicature  of  peritoneum,  which  in  the  foetus  is  prolonged  in  the  form  of  a 
tubular  process  for  a  short  distance  into  the  inguinal  canal.  This  process  is  called 
the  canal  of  Nu(?k.    It  is  generally  obliterated  in  the  adult,  but  sometimes  remains 

*  For  a  description  of  the  ovum,  see  page  100. 

'  Proceedings  of  the  Royal  Society  of  Edinburgh,  April.  1875. 

•  This  is  effected  either  by  application  of  the  tune  to  the  ovary,  or  by  a  curling  upward  of  the 
iiinbriated  extremity,  so  that  the  ovnm  is  caught  as  it  falls. 
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pervious  even  in  advanced  life.     It  is  analogous  to  the  peritoneal  poach  wliicb 
accompanies  the  deiicent  of  the  testis. 

Vessels  and  Neirea. — The  arferieg  of  the  ovaries  and  Fallopian  tubes  are  (he 
ovarian  from  the  aorta.  Ther  enter  the  attached  border,  or  hilum,  of  the  ovarv. 
The  veins  follow  the  course  of  the  arteries ;  they  form  a  plexus  near  the  ovary,  the 
pampiniform  plexus.  The  nerves  are  derived  from  the  inferior  hypogastric  or 
pelvic  plexus,  and  from  the  ovarian  plexus,  the  Fallopian  tube  receiving  a  branch 
from  one  of  the  uterine  nerves. 

THE   UAUUAKT   GLANDS. 

The  munrnte,  or  breasts,  are  accessory  glands  of  the  generative  system,  which 
secrete  the  milk.  They  exist  in  the  mate  as  well  as  in  the  female,  but  in  the 
former  only  in  the  rudimentary  stale,  unless  their  growth  is  excited  by  peculiar 
circumstances.    In  the  female  they  are  two  large  hemispherical  eminences  situated 


Fio.  620.— Dluectlon  of  the  low«r  hair  of  the  l^malc  breast  during  the  period  of  lactation.    (From  Lnschka.l 

toward  the  lateral  aspect  of  the  pectoral  region,  corresponding  to  the  intervals 
between  the  third  and  sixth  or  seventh  ribs,  and  extending  from  the  side  of  the 
sternum  to  the  axilla.  Their  weight  and  dimensions  differ  at  different  periods 
of  life  and  in  different  individuals.  Before  puberty  they  are  of  small  size,  but 
enlarge  as  the  generative  organs  become  more  completely  developed.  They 
increase  during  pregnancy,  and  especially  after  delivery,  and  become  atrophied  in 
old  age.  The  left  mamma  is  generally  a  little  larger  than  the  right.  Their  base 
is  nearly  circular,  flattened  or  slightly  concave,  and  has  its  long  diameter  directed 
upward  and  outward  toward  the  axilla  ;  they  are  separated  from  the  Pectoral 
muscles  by  a  thin  layer  of  superficial  fascia.  The  outer  surface  of  the  mamma  is 
convex,  and  presents,  just  below  the  centre,  a  small  conical  prominence,  the  nipple 
{inammilla).  The  surface  of  the  nipple  is  dark-colored  and  surrounded  by  an 
areola  having  a  colored  tint.  In  the  virgin  the  areola  is  of  a,  delicate  rosy  hue; 
about  the  second  month  after  impregnation  it  enlarges  and  acquires  a  darker  tinge. 
which  increases  as  prejrnancy  advances,  becoming  in  some  cases  of  a  dark-brown 
or  even  black  color.  This  color  diminishes  as  soon  as  lactation  is  over,  but  is 
never  entirely  lost  throughout  life.  These  changes  in  the  color  of  the  areola  are 
of  importance  in  forming  a  conclusion  in  a  case  of  suspected  first  pregnancy- 
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The  nipple  is  a  cylindrical  or  conical  eminence  capable  of  undergoing  a  sort  of 
erection  from  mechanical  excitement,  a  change  mainly  due  to  the  contraction  of  its 
muscular  fibres.  It  is  of  a  pink  or  brownish  hue,  its  surface  wrinkled  and  provided 
with  papillae,  and  it  is  perforated  by  numerous  orifices,  the  apertures  of  the 
lactiferous  ducts.  Near  the  base  of  the  nipple  and  upon  the  surface  of  the  areola 
are  numerous  sebaceous  glands,  which  become  much  enlarged  during  lactation,  and 
present  the  appearance  of  small  tubercles  beneath  the  skin.  These  glands  secrete 
a  peculiar  fatty  substance  which  serves  as  a  protection  to  the  integument  of  the 
nipple  during  the  act  of  sucking.  The  nipple  consists  of  numerous  vessels,  inter- 
mixed with  plain  muscular  fibres,  which  are  principally  arranged  in  a  circular  man- 
ner around  the  base,  some  few  fibres  radiating  from  base  to  apex. 

Structure. — The  mamma  consists  of  gland-tissue  ;  of  fibrous  tissue,  connecting  its 
lobes ;  and  of  fatty  tissue  in  the  intervals  between  the  lobes.  The  gland-tissue, 
when  freed  from  fibrous  tissue  and  fat,  is  of  a  pale  reddish  color,  firm  in  texture, 
circular  in  form,  flattened  from  before  backward,  thicker  in  the  centre  than  at  the 
circumference,  and  presenting  several  inequalities  on  its  surface,  especially  in  front. 
It  consists  of  numerous  lobes,  and  these  are  composed  of  lobules  connected  together 
by  areolar  tissue,  blood-vessels,  and  ducts.  The  smallest  lobules  consist  of  a  cluster 
of  rounded  vesicles,  which  open  into  the  smallest  branches  of  the  lactiferous  ducts  ; 
these  ducts,  uniting,  form  larger  ducts,  which  terminate  in  a  single  canal,  correspond- 
ing with  one  of  the  chief  subdivisions  of  the  gland.  The  number  of  excretory  ducts 
varies  from  fifteen  to  twenty  :  thev  are  termed  the  tubuli  lactiferi,,  or  galactophori. 
They  converge  toward  the  areola,  beneath  which  they  form  dilatations,  or  ampullce^ 
which  serve  as  reservoirs  for  the  milk,  and  at  the  base  of  the  nipple  become 
contracted  and  pursue  a  straight  course  to  its  summit,  perforating  it  by  separate 
orifices  considerably  narrower  than  the  ducts  themselves.  The  ducts  are  composed 
of  areolar  tissue,  with  longitudinal  and  transverse  elastic  fibres  and  longitudinal 
muscular  fibres :  their  mucous  lining  is  continuous,  at  the  point  of  the  nipple,  with 
the  integument.  The  epithelium  of  the  mammary  gland  dififers  according  to  the 
state  of  activity  of  the  organ.  In  the  gland  of  a  woman  who  is  not  pregnant  or 
suckling  the  alveoli  are  very  small  and  solid,  being  filled  with  a  mass  of  granular 
polyhedral  cells.  During  pregnancy  the  alveoli  enlarge  and  the  cells  undergo 
rapid  multiplication.  At  the  commencement  of  lactation  the  cells  in  the  centre 
of  the  alveolus  undergo  fatty  degeneration,  and  are  eliminated  in  tlie  first  milk 
as  colostrum^eorpuscles.  The  peripheral  cells  of  the  alveolus  remain,  and  form 
a  single  layer  of  granular,  short  columnar  cells,  with  a  spherical  nucleus,  lining 
the  limiting  merabrana  propria.  These  cells  during  the  state  of  activity  of  the  gland 
are  capable  of  forming,  in  their  interior,  oil-globules,  which  are  then  ejected  into 
the  lumen  of  the  alveolus  and  constitute  the  milk-globules. 

The  fibrous  tissue  invests  the  entire  surface  of  the  breast,  and  sends  down 
septa  between  its  lobes,  connecting  them  together. 

The  fatti/  tissue  surrounds  the  surface  of  the  gland  and  occupies  the  interval 
betw^een  its  lobes.  It  usuallv  exists  in  considerable  abundance,  and  determines 
the  form  and  size  of  the  gland.  There  is  no  fat  immediately  beneath  the  areola 
and  nipple. 

Vessels  and  Nenres. — The  arteries  supplying  the  mammae  are  derived  from  the 
thoracic  branches  of  the  axillary,  the  intercostals,  and  internal  mammary.  The 
veins  describe  an  anastomotic  circle  round  the  base  of  the  nipple,  called  by  Haller 
the  circulus  venosus.  From  this  large  branches  transmit  the  blood  to  the 
circumference  of  the  gland  and  end  in  the  axillary  and  internal  mammary  veins. 
The  lymphatics^  for  the  most  part,  run  along  the  lower  border  of  the  Pectoralis 
major  to  the  axillary  glands  ;  some  few,  from  the  inner  side  of  the  breast,  perforate 
the  intercostal  spaces  and  empty  themselves  into  the  anterior  mediastinal  glands. 
The  nerves  are  derived  from  the  anterior  and  lateral  cutaneous  nerves  of  the  thorax. 
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Dissection  (Fig.  621). — For  dissectioD  of  the  parts  concerned  in  inguinal  hernia  a  male 
subject,  free  from  fat,  should  always  be  selected.  Tne  body  should  be  placed  in  the  supine  posi- 
tion, the  abdomen  and  pelvis  raised  by  means  of  blocks  placed  beneath  them,  and  the  lower 
extremities  rotated  outward,  so  as  to  make  the  parts  as  tense  as  possible.  If  the  abdominal  walls 
are  flaccid,  the  cavity  of  the  abdomen  should  be  inflated  by  an  aperture  through  the  umbilicus. 
An  incision  should  be  made  along  the  middle  line  from  the  umbilicus  to  the  symphysis  pubis, 
and  continued  along  the  front  of  the  scrotum,  and  a  second  incision  from  the  anterior  superior 
spine  of  the  ilium  to  just  below  the  umbilicus.  These  incisions  should  divide  the  integument, 
and  the  triangular-shaped  flap  included  between  them  should  be  reflected  downward  and  outward, 
when  the  superficial  fascia  will  be  exposed. 

The  Superflcial  Fascia  of  the  Abdomen. — This,  over  the  greater  part  of  the 
abdominal  wall,  consists  of  a  single  layer  of  fascia,  which  contains  a  variable 
amount  of  fat ;  but  as  it  approaches  the  groin  it  is  easily  divisible  into  two  layers, 
between  which  are  found  the  superficial  vessels  and  nerves  and  the  superficial 
inguinal  lymphatic  glands. 

The  superficial  layer  is  thick,  areolar  in  texture,  containing  adipose  tissue  in 
its  meshes,  the  quantity  of  which  varies  in  different  subjects.  Below,  it  passes 
over  Poupart's  ligament,  and  is  continuous  with  the  outer  layer  of  the  superficial 
fascia  of  the  thigh.  In  the  male  this  fascia  is  continued  over  the  penis  and  over 
the  outer  surface  of  the  cord  to  the  scrotum,  where  it  helps  to  form  the  dartos. 
As  it  passes  to  the  penis  and  over  the  cord  to  the  scrotum  it  changes  its  character, 
becoming  thin,  destitute  of  adipose  tissue,  and  of  a  pale  reddish  color ;  and  in  the 
scrotum  it  acquires  some  involuntary  muscular  fibres.  From  the  scrotum  it  may 
be  traced  backward,  to  be  continuous  with  the  superficial  fascia  of  the  perinaeum. 
In  the  female  this  fascia  is  continued  into  the  labia  majora. 

The  hypogastric  branch  of  the  ilio-hypogastric  nerve  perforates  the  aponeurosis 
of  the  External  oblique  muscle  about  an  inch  above  and  a  little  to  the  outer  side  of 
the  external  abdominal  ring,  and  is  distributed  to  the  integument  of  the  hypogastric 
region. 

The  ilio'inguinal  nerve  escapes  at  the  external  abdominal  ring,  and  is  distributed 
to  the  integument  of  the  upper  and  inner  part  of  the  thigh,  to  the  scrotum  in  the 
male  and  to  the  labium  in  the  female. 

The  superficial  epigastric  artery  arises  from  the  femoral  about  half  an  inch 
below  Poupart's  ligament,  and,  passing  through  the  saphenous  opening  in  the  fascia 
lata,  ascends  on  to  the  abdomen,  in  the  superficial  fascia  covering  the  External 
oblique  muscle,  nearly  as  high  as  the  umbilicus.  It  distributes  branches  to  the 
superficial  inguinal  lymphatic  glands,  the  superficial  fascia,  and  the  integument, 
anastomosing  with  branches  of  the  deep  epigastric  and  internal  mammary  arteries. 

The  superficial  circumfi^x  iliac  artery^  the  smallest  of  the  cutaneous  branches, 
arises  close  to  the  preceding,  and,  piercing  the  fascia  lata,  runs  outward,  parallel 
with  Poupart's  ligament,  as  far  as  the  crest  of  the  ilium,  dividing  into  branches 
which  supply  the  superficial  inguinal  lymphatic  glands,  the  superficial  fascia,  and 
the  integument,  anastomosing  with  the  deep  circumflex  iliac  and  with  the  gluteal 
and  external  circumflex  arteries. 

The  superficial  external  pudic  (superior)  artery  arises  from  the  inner  side  of 
the  femoral  artery  close  to  the  preceding  vessels,  and,  after  passing  through  the 
saphenous  opening,  courses  inward  across  the  spermatic  cord,  to  be  distributed  to 
the  integument  on  the  lower  part  of  the  abdomen,  the  penis  and  scrotum  in  the  male, 
and  the  labium  in  the  female,  anastomosing  with  branches  of  the  internal  pudic. 

The  ^Superficial  Veins. — The  veins  accompanying  these  superficial  vessels  are 
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usually  much  larger  than  the  arteries;  they  terminate  in  the  internal  saphenous 
vein. 

The  superficial  inguinal  lymphatic  glands  are  placed  immediately  heneath  the 
integument,  are  of  large  size,  and  vary  from  eight  to  ten  in  number.  They  are 
divisible  into  two  groups:  an  upper,  disposed  irregularly  along  Poupart's  liga- 
ment, which  receive  the  lymphatic  vessels  from  the  integument  of  the  scrotum, 
penis,  parietes  of  the  abdomen,  perineal  and  gluteal  regions,  and  the  mucous 
membrane  of  the  urethra;  and  an  inferior  group,  which  surround  the  saphenous 
opening  in  the  fascia  lata,  a  few  being  sometimes  continued  along  the  saphenuus 


Fin.  £21.— In)^i<nHL  hcniju.    Supvrflflal  dlraoi^Uon. 

vein  to  a  variable  extent.  This  latter  group  receive  the  superficial  lymphatic 
vessels  from  the  lower  extremity, 

Tlie  dpcp  layer  of  the  superficial  fascia  {fancia  of  Scarpa)  is  thinner  and  more 
membranous  in  character  than  the  superficial  layer.  In  the  middle  line  it  is 
intimately  adherent  to  the  linoa  alba;  above,  it  is  continuous  with  the  superficial 
fascia  over  the  rest  of  the  trunk  ;  below,  it  blends  with  the  fascia  lata  of  the  thigh, 
a  little  below  Poupart's  ligament ;  below  and  internally,  in  the  male,  it  is  continued 
over  the  penis  and  over  the  outer  surface  of  the  cord  to  the  scrotum,  where  it  helps 
to  form  the  dartos.  From  the  scrotum  it  may  be  traced  backward  to  be  continu- 
ous with  the  deep  layer  of  the  superficial  fascia  of  the  perinseum.  In  the  female 
it  is  continuous  with  the  labia  majora. 

The  scrotum  is  a  cutaneous  pouch  which  contains  the  testes  and  part  of  the 
spermatic  cords,  and  into  which  an  inguinal  hernia  frcijuently  descends  (see 
page  1037). 

The  Aponeurosis  of  the  External  Obliiiue  Unsde. — This  is  a  thin  but  sti'ong 


1064  THE  SURGICAL   ANATOMY   OF  HERNIA. 

membranous  aponeurosis,  the  fibres  of  which  are  directed  obliquely  downward 
and  inward.  That  portion  of  the  aponeurosis  which  extends  between  the  anterior 
superior  spine  of  the  ilium  and  the  spine  of  the  os  pubis  is  a  broad  band,  folded 
inward  and  continuous  below  with  the  fascia  lata ;  it  is  called  Pouparfs  ligament 
The  portion  which  is  reflected  from  Poupart's  ligament  at  the  spine  of  the  os  pubis, 
along  the  pectineal  line,  is  called  Gimbernat's  ligament.  From  the  point  of  attach- 
ment of  the  latter  to  the  pectineal  line  a  few  fibres  pass  upward  and  inward, 
behind  the  inner  pillar  of  the  ring,  to  the  linea  alba.  They  diverge  as  they  ascend, 
and  form  a  thin,  triangular,  fibrous  band,  which  is  called  the  triangular  ligament 
of  the  abdomen.  In  the  aponeurosis  of  the  External  oblique,  immediately  above  the 
crest  of  the  os  pubis,  is  a  triangular  opening,  the  external  or  superficial  abdominal 
ring,  formed  by  the  separation  of  the  fibres  of  the  aponeurosis  in  this  situation. 

The  External  or  Buperflcial  Abdominal  King. — Just  above  and  to  the  outer  side 
of  the  crest  of  the  os  pubis  an  interval  is  seen  in  the  aponeurosis  of  the  External 
oblicjue,  called  the  external  abdominal  ring.  This  aperture  is  oblique  in  direction, 
somewhat  triangular  in  form,  and  corresponds  with  the  course  of  the  fibres  of  the 
aponeurosis.  It  usually  measures  from  base  to  apex  about  an  inch,  and  trans- 
versely about  half  an  inch.  It  is  bounded  below  by  the  crest  of  the  os  pubis; 
above,  by  a  series  of  curved  fibres,  the  inter  columnar,  which  pass  across  the  upper 
angle  of  the  ring,  so  as  to  increase  its  strength  ;  and  on  either  side,  by  the  mar- 
gins of  the  opening  in  the  aponeurosis,  which  are  called  the  columns  or  pillars  of 
the  ring. 

The  external  pillar,  which  at  the  same  time  is  inferior  from  the  obliquity  of 
its  direction,  is  the  stronger;  it  is  formed  by  that  portion  of  Poupart^s  ligament 
which  is  inserted  into  the  spine  of  the  os  pubis ;  it  is  curved,  so  as  to  form  a  kind 
of  groove,  upon  which  the  spermatic  cord  rests. 

The  internal  or  superior  pillar  is  a  broad,  thin,  flat  band,  which  is  attached 
to  the  front  of  the  body  of  the  os  pubis,  interlacing  with  its  fellow  of  the  oppo- 
site side  in  front  of  the  symphysis  pubis,  that  of  the  right  side  being  superficial. 

The  external  abdominal  ring  gives  passage  to  the  spermatic  cord  in  the  male 
and  round  ligament  in  the  female ;  it  is  much  larger  in  men  than  in  women,  on 
account  of  the  large  size  of  the  spermatic  cord,  and  hence  the  great  frequency 
of  inguinal  hernia  in  men. 

The  intercolunmar  fibres  are  a  series  of  curved  tendinous  fibres  which  arch 
across  the  lower  part  of  the  aponeurosis  of  the  External  oblique.  They  have 
received  their  name  from  stretching  across  between  the  two  pillars  of  the  external 
ring;  they  increase  the  strength  of  the  lower  part  of  the  aponeurosis  and  prevent 
the  divergence  of  the  pillars  from  one  another.  They  are  thickest  below,  where 
they  are  connected  to  the  outer  third  of  Poupart's  ligament,  and  are  inserted  into 
the  linea  alba,  describing  a  curve,  with  the  convexity  downward.  They  are  much 
thicker  and  stronger  at  the  outer  angle  of  the  external  ring  than  internally,  and 
are  more  strongly  developed  in  the  male  than  in  the  female.  These  intercolumnar 
fibres,  as  they  pass  across  the  external  abdominal  ring,  are  themselves  connected 
together  by  delicate  fibrous  tissue,  thus  forming  a  fascia  which,  as  it  is  attached 
to  the  pillars  of  the  ring,  covers  it  in,  and  is  called  the  intercolunmar  fascia.  This 
intercolumnar  fascia  is  continued  downward  as  a  tubular  prolongation  around  the 
outer  surface  of  the  cord  and  testis,  and  encloses  them  in  a  distinct  sheath ;  hence 
it  is  also  called  the  external  spermatic  fascia.  The  sac  of  an  inguinal  hernia  in 
passing  through  the  external  abdominal  ring  receives  an  investment  from  the 
intercolumnar  fascia. 

If  the  finger  is  introduced  a  short  distance  into  the  external  ring,  and  then,  if 
the  linab  is  extended  and  rotated  outward,  the  aponeurosis  of  the  External  oblique, 
together  with  the  iliac  portion  of  the  fascia  lata,  will  be  felt  to  become  tense  and 
the  external  ring  much  contracted ;  if  the  limb  is,  on  the  contrary,  flexed  upon  the 
pelvis  and  rotated  inward,  this  aponeurosis  will  become  lax,  and  the  external  ring 
sufl[iciently  enlarged  to  admit  the  finger  with  comparative  ease ;  hence  the  patient 
should  always  be  put  in  the  latter  position  when  the  taxis  is  applied  for  the  reduc- 
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tioD  of  an  inguinal  hernia,  in  order  that  the  abdominal  va\\s  may  be  relaxed  as 
much  as  possible. 

The  aponeuTosis  of  the  External  oblique  should  be  removed  by  dividing  it  across  in  the  same 
direction  as  the  external  inciaiooB,  and  reflecting  it  downward  and  outward :  great  care  is  requisiie 
in  separating  it  from  the  aponeurods  of  the  muscle  beneath.  The  lower  part  of  the  Internal 
oblique  and  [he  Cremaster  are  then  eEpoeed,  together  with  the  inguinal  canal,  which  contains 
tlie  spermatic  cord  (Fig.  622).  The  mode  of  insertion  of  Poupart's  and  Gimbemat's  ligaments 
into  tne  os  pubis  should  also  l»e  examined. 

Fonpart's  ligament,  or  the  crural  arch,  is  the  lover  border  of  the  aponeurosis 
of  the  External  oblique  muscle,  which  extends  from  the  anterior  superior  spine  of 
(he  ilium  to  the  spine  of  the  ob  pubis.  From  this  latter  point  it  is  reflected 
outward  to  be  attached  to  the  pectineal   line  for  about  half  an  inch,  forming 
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Gimbernat'a  ligament.  Its  general  direction  is  curved  downward  toward  the 
thigh,  where  it  ia  continuous  with  the  fascia  lata.  Its  outer  half  is  rounded  and 
oblique  in  direction;  its  inner  half  gradually  widens  at  its  attachment  to  the  os 
pubis,  is  more  horizontal  in  direction,  and  lies  beneath  the  spermatic  cord. 

Oimbomat's  ligajnent  {Fig.  629)  Is  that  portion  of  the  External  oblique  muscle 
which  is  reflected  downward  and  outward  from  the  spine  of  the  os  pubis  to  be 
inserted  into  the  pectineal  lino.  It  is  about  half  an  inch  in  lenf^th,  larger  in  the 
male  than  in  the  female,  almost  horizontal  in  direction  in  the  erect  posture,  and 
of  a  triangular  form,  with  the  base  directed  outward.  Its  base  or  outer  margin  is 
concave,  thin,  and  sharp,  and  lies  in  contact  with  the  crural  sheath,  fonning  the 
inner  boundary  of  the  crural  ring  (see  Fig.  630).  Its  apex  corresponds  to  the 
spine  of  the  os  pubis.  Its  posterior  margin  is  attached  to  the  pectineal  line,  and 
is  continuous  with  the  pubic  portion  of  the  fascia  lata.  Its  anterior  margin  is 
continuous  with  Poupart's  ligament. 

The  triaagnlar  ligament  of  tlie  abdomen  is  &  band  of  tendinous  fibres,  of  a 
triangular  shape,  which  is  attached  by  its  apex  to  the  pectineal  line,  where  it  is 
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continuous  with  Gimbernat's  ligament.  It  passes  inward  beneath  the  spermatic 
cord,  and  expands  into  a  somewhat  fan-shaped  fascia,  lying  behind  the  inner  pillar 
of  the  external  abdominal  ring  and  in  front  of  the  conjoined  tendon,  and  interlaces 
with  the  ligament  of  the  other  side  at  the  linea  alba. 

The  Internal  oblique  muscle  has  been  previously  described  (page  453).  The 
part  which  is  now  exposed  is  partly  muscular  and  partly  tendinous  in  structure. 
Those  fibres  which  arise  from  Poupart's  ligament,  few  in  number  and  paler  in 
color  than  the  rest,  arch  downward  and  inward  across  the  spermatic  cord,  and, 
becoming  tendinous,  are  inserted,  conjointly  with  those  of  the  Trans versalis,  into  the 
crest  of  the  os  pubis  and  pectineal  line,  forming  what  is  known  as  the  conjoined 
tendon  of  the  Internal  oblique  and  Trans  versalis.  This  tendon  is  inserted  imme- 
diately behind  the  external  abdominal  ring,  serving  to  protect  what  would  other- 
wise be  a  weak  point  in  the  abdominal  wall.  Sometimes  this  tendon  is  insufficient 
to  resist  the  pressure  from  within,  and  is  carried  forward  in  front  of  the  protrusion 
through  the  external  ring,  forming  one  of  the  coverings  of  direct  inguinal  hernia, 
or  the  hernia  forces  its  way  through  the  fibres  of  the  conjoined  tendon. 

The  Oremaster  is  a  thin  muscular  layer  composed  of  a  number  of  fasciculi 
which  arise  from  the  middle  of  Poupart's  ligament  at  the  inner  side  of  the  Internal 
oblicjue,  being  connected  with  that  muscle  and  also  occasionally  with  the 
Transversalis.  It  passes  along  the  outer  side  of  the  spermatic  cord,  descends  with 
it  through  the  external  ring  upon  the  front  and  sides  of  the  cord,  and  forms  a 
series  of  loops  which  differ  in  thickness  and  length  in  different  subjects.  Those 
at  the  upper  part  of  the  cord  are  exceedingly  short,  but  they  become  in  succession 
longer  and  longer,  the  longest  reaching  down  as  low  as  the  testicle,  where  a  few 
are  inserted  into  the  tunica  vaginalis.  These  loops  are  united  together  by  areolar 
tissue,  and  form  a  thin  covering  over  the  cord  and  testis,  the  fascia  cremasterica. 
The  fibres  ascend  along  the  inner  side  of  the  cord,  and  are  inserted  by  a  small 
pointed  tendon  into  the  crest  of  the  os  pubis  and  front  of  the  sheath  of  the  Rectus 
muscle.. 

It  will  be  observed  that  the  origin  and  insertion  of  the  C remaster  is  precisely 
similar  to  that  of  the  lower  fibres  of  the  Internal  oblique.  This  fact  affords  an  easy 
explanation  of  the  manner  in  which  the  testicle  and  cord  are  invested  by  this  muscle. 
At  an  early  period  of  ftetal  life  the  testis  is  placed  at  the  lower  and  back  part  of  the 
abdominal  cavity,  but  during  its  descent  toward  the  scrotum,  which  takes  place 
before  birth,  it  passes  beneath  the  arched  border  of  the  Internal  oblique.  In  its 
passage  beneath  this  muscle  some  fibres  are  derived  from  its  lower  part  which 
accompany  the  testicle  and  cord  inco  the  scrotum. 

It  occasionally  happens  that  the  loops  of  the  C remaster  surround  the  cord,  some 
lying  behind  as  well  as  in  front.  It  is  probable  that  under  these  circumstances 
the  testis  in  its  descent  passes  through,  instead  of  beneath,  the  fibres  of  the  Internal 
oblique. 

In  the  descent  of  an  oblique  inguinal  hernia,  which  takes  the  same  course  as 
the  spermatic  cord,  the  Cremaster  muscle  forms  one  of  its  coverings.  This  muscle 
becomes  largely  developed  in  cases  of  hydrocele  and  large  old  scrotal  herniae.  No 
such  muscle  exists  in  the  female,  but  an  analogous  structure  is  developed  in  those 
cases  where  an  oblique  inguinal  hernia  descends  beneath  the  margin  of  the  Internal 
oblique. 

The  Internal  oblique  should  be  detached  from  Poupart's  ligament,  separated  from  the 
Transversalis  to  the  same  extent  as  in  the  previoiLs  incisions,  and  reflected  mward  on  to  the 
sheath  of  the  Rectus  (Fig.  623).  The  circumflex  iliac  vessels,  which  lie  between  these  two 
niu.scles,  form  a  valuable  guide  to  their  separation. 

The  Transversalis  mnscle  has  been  previously  described  (page  455).  The  part 
which  is  now  exposed  is  partly  muscular  and  partly  tendinous  in  structure ;  this 
portion  arises  from  the  outer  third  of  Poupart's  ligament,  its  fibres  curve  down- 
ward and  inward,  and  are  inserted,  together  with  those  of  the  Internal  oblique, 
into  the  lower  part  of  the  linea  alba,  into  the  crest  of  the  os  pubis  and  pectineal 
line,  forming  what  is  known  as  the  conjoined  tendon  of  the  Internal  oblique  and 
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TraDsversalis.     Between  the  lower  border  of  this  muBcle  aod  Poupart's  ligament 
a  space  is  left  in  which  is  seen  the  fescia  transversalis. 

The  <"fn<Tiiii  or  apennatic  canal  contains  the  spermatic  cord  in  the  male  and 
the  round  ligament  in  the  female.  It  is  an  oblique  canal,  about  an  inch  and  a  half 
in  length,  directed  downward  and  inward  and  placed  parallel  with,  and  a  little 
above,  Poupart's  ligament.  It  commences  above  at  the  internal  abdominal  ring, 
which  is  the  point  where  the  cord  eaters  the  spermatic  canal,  and  terminates 
below  at  the  external  ring.  It  is  bounded,  in  front,  by  the  integument  and 
superficial  fascia,  bv  the  aponeurosis  of  the  Ext«rnal  oblique  throughout  its  whole 
length,  and  by  the  Internal  oblique  for  its  outer  third ;  behind,  by  the  triangular 
ligament,  the  conjoined  tendon  of  the  Internal  oblique  and  Transversalis,  trans- 
versalis fascia,  and  the  subperitoneal  fat  and  peritoneum ;  above,  by  the  arched 
fibres  of  the  Internal  oblique  and  Transversalis  ;  below,  by  the  union  of  the  fascia 
transversalis  with  Poupart's  ligament.     That  form  of  protrusion  in  which  the 
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intestine  follows  the  course  of  the  spermatic  cord  along  the  spermatic  canal  is 
called  oblique  inguinal  hernia. 

The  foacia  traoBTersalis  is  a  thin  aponeurotic  membrane  which  lies  between 
the  inner  surface  of  the  Transversalis  muscle  and  the  peritoneum.  It  forms  part 
of  the  general  layer  of  fascia  which  lines  the  interior  of  the  abdominal  and  pelvic 
cavities,  and  is  directly  continuous  with  the  iliac  and  pelvic  fasciae. 

In  the  inguinal  region  the  transversalis  fascia  is  thick  and  dense  in  structure, 
and  joined  by  fibres  from  the  aponeurosis  of  the  Transversalis  muscle;  but  it 
becomes  thin  and  cellular  as  it  ascends  to  the  Diaphragm.  Below,  it  has  the 
fiillowing  attachments  :  external  to  the  femoral  vessels  it  is  connected  to  the 
posterior  margin  cf  Poupart's  ligament,  and  is  there  continuous  with  the  iliac 
fascia.  Internal  to  the  vessels  it  is  thin,  and  attached  to  the  os  pubis  and  pectineal 
line  behind  the  conjoined  tendon,  with  which  it  is  united;  and,  corresponding  to 
the  points  where  the  femoral  ve.ssels  pass  into  the  thigh,  this  fascia  descends  in 
front  of  them,  forming  the  anterior  wall  of  the  crural  sheath.     The  spermatic  cord 


1068  THE  SURGICAL   ANATOMY  OF  HERNIA. 

in  the  male  and  the  round  ligament  in  the  female  pass  through  this  fascia;  the 
point  where  they  pass  through  is  called  the  internal  or  deep  abdominal  ring.  This 
opening  is  not  visible  externally,  owing  to  a  prolongation  of  the  transversalis  tasch 
on  these  structures,  forming  the  infundibuliform  process. 

The  internal  or  deep  abdominal  ring  is  situated  in  the  transversalis  fascia, 
midway  between  the  anterior  superior  spine  of  the  ilium  and  the  symphysis  pubis, 
and  about  half  an  inch  above  Poupart's  ligament.  It  is  of  an  oval  form,  the 
extremities  of  the  oval  directed  upward  and  downward ;  it  varies  in  size  in  dif- 
ferent subjects,  and  is  much  larger  in  the  male  than  in  the  female.  It  is  bounded 
above  and  externally  by  the  arched  fibres  of  the  Transversalis  muscle,  below  and 
internally  by  the  deep  epigastric  vessels.  It  transmits  the  spermatic  cord  in  the 
male  and  the  round  ligament  in  the  female.  From  its  circumference  a  thin, 
funnel-shaped  membrane,  the  infundibuliform  fascia^  is  continued  round  the  cord 
and  testis,  enclosing  them  in  a  distinct  pouch.  When  the  sac  of  an  oblique 
inguinal  hernia  passes  through  the  internal  or  deep  abdominal  ring,  the  infundi- 
buliform process  of  the  transversalis  fascia  forms  one  of  its  coverings. 

The  Subperitoneal  Areolar  Tissue. — Between  the  fascia  transversalis  and  the 
peritoneum  is  a  quantity  of  loose  areolar  tissue.  In  some  subjects  it  is  of  con- 
siderable thickness  and  loaded  with  adipose  tissue.  Opposite  the  internal  ring  it 
is  continued  round  the  surface  of  the  cord,  forming  a  loose  sheath  for  it. 

The  deep  epigastric  artery  arises  from  the  external  iliac  artery  a  few  lines  above 
Poupart's  ligament.  It  at  first  descends  to  reach  this  ligament,  and  then  ascends 
obliquely  along  the  inner  margin  of  the  internal  or  deep  abdominal  ring,  lying 
between  the  transversalis  fascia  and  the  peritoneum,  and  passing  upward  pierces 
the  transversalis  fascia  and  enters  the  sheath  of  the  Rectus  muscle  just  below  the 
semilunar  fold  of  Douglas.  Consequently  the  deep  epigastric  artery  bears  a  very 
important  relation  to  the  internal  abdominal  ring  as  it  passes  obliquely  upward 
and  inward  from  its  origin  from  the  external  iliac.  In  this  part  of  its  course  it 
lies  along  the  lower  and  inner  margin  of  the  internal  ring  and  beneath  the 
commencement  of  the  spermatic  cord.  As  it  winds  round  the  internal  abdominal 
ring  it  is  crossed  by  the  vas  deferens  in  the  male  and  by  the  round  ligament  in  the 
female. 

The  peritoneum,  corresponding  to  the  inner  surface  of  the  internal  ring,  presents 
a  well-marked  depression,  the  depth  of  which  varies  in  different  subjects.  A  thin 
fibrous  band  is  continued  from  it  along  the  front  of  the  cord  for  a  variable  distance, 
and  becomes  ultimately  lost.  This  is  the  remains  of  the  pouch  of  peritoneum 
which,  in  the  foetus,  accompanies  the  cord  and  testis  into  the  scrotum,  the 
obliteration  of  which  commences  soon  after  birth.  In  some  cases  the  fibrous  band 
can  only  be  traced  a  short  distance,  but  occasionally  it  may  be  followed,  as  a  fine 
cord,  as  far  as  the  upper  end  of  the  tunica  vaginalis.  Sometimes  the  tube  of 
peritoneum  is  only  closed  at  intervals  and  presents  a  sacculated  appearance,  or  a 
single  pouch  may  extend  along  the  whole  length  of  the  cord,  which  may  be  closed 
above,  or  the  pouch  may  be  directly  continuous  with  the  peritoneum  by  an 
opening  at  its  upper  part. 

In  the  female  (in  the  foetus)  the  peritoneum  is  also  prolonged  in  the  form  of  a 
tubular  process  for  a  short  distance  into  the  inguinal  canal.  This  process  is  called 
the  canal  of  Nuck.  It  is  generally  obliterated  in  the  adult,  but  sometimes  it  remains 
pervious  even  in  advanced  life.  It  is  analogous  to  the  peritoneal  pouch  which 
accompanies  the  descent  of  the  testis. 

maXJINAL   HERNIA. 

Inguinal  hernia  is  that  form  of  protrusion  which  makes  its  way  through  the 
abdomen  in  the  inguinal  region. 

There  are  two  principal  varieties  of  inguinal  hernia — external  or  oblique,  and 
internal  or  direct. 

External  or  oblique  inguinal  hernia^  the  more  frequent  of  the  two,  takes  the 
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same  course  as  the  spermatic  cord.    It  is  called  external  from  the  neck  of  the  sac 
being  oa  the  outer  or  iliac  side  of  the  deep  epigastric  artery. 

Internal  or  direct  inguinal  hernia  does  not  follow  the  same  course  as  the  cord, 
but  protrudes  through  the  abdominal  wall  on  the  inner  or  pubic  side  of  the  deep 
epigastric  artery. 

Oblique  Inguinal  Hernia. 

In  oblique  inguinal  hernia  the  intestine  escapes  from  the  abdominal  cavity  at 
the  internal  ring,  pushing  before  it  a  pouch  of  peritoneum,  which  forms  the  hernial 


,  showing  1U  variouB  coverings.    (From  ■  pTeparallon  In  Ihe  Museum  of 

sac  (Fig.  625,  a).  As  it  enters  the  inguinal  canal  it  receives  an  investment  from 
the  subserous  areolar  tissue,  and  is  enclosed  in  the  infundibuliform  process  of  the 
transversalis  fascia.  In  passing  along  the  inguinal  canal  it  displaces  upward  the 
arched  fibres  of  the  Transversalis  and  Internal  oblique  muscles,  and  is  surrounded 
by  the  fibres  of  the  Cremaster.  It  then  passes  along  the  front  of  the  cord,  and 
escapes  from  the  inguinal  canal  at  the  external  ring,  receiving  an  investment  from 
the  intereolumnar  fascia.  Lastly,  it  descends  into  the  scrotum,  receiving  coverings 
from  the  superficial  fascia  and  tne  integument. 

The  coverings  of  this  form  of  hernia,  after  it  has  passed  through  the  external 
ring,  are,  from  without  inward,  the  integument,  superficial  fascia,  intereolumnar 
fascia,  Cremaster  muscle,  infundibuliform  fascia,  subserous  areolar  tissue,  and 
peritoneum. 

This  form  of  hernia  lies  in  front  of  the  vessels  of  the  spermatic  cord  and 
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seldom  extends  below  the  testis,  on  account  of  the  intimate  adhesion  of  the  cover- 
ings of  the  cord  to  the  tunica  vaginalis. 


B.  CongcDiLal  berula. 


D.  Encysted  hernlii. 


E,  Hernia  iiiin  tbe  ftiaicularprocesi 
Fig.  625.— Varietica  of  oblique  Inerulaal  hi 


The  tn-nt  nf  strkture  in  oblique  inguinal  hernia  \»  either  at  the  external  ring; 
in  the  inguinal  canal,  caused  by  the  fibres  of  the  Internal  oblique  or  Trans- 
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versalis;  or  at  the  internal  ring,  most  frequently  in  the  latter  situation.  If  it  is 
situated  at  the  external  ring,  the  division  of  a  few  fibres  at  one  point  of  its 
circumference  is  all  that  is  necessary  for  the  replacement  of  the  hernia.  If 
in  the  inguinal  canal  or  at  the  internal  ring,  it  may  be  necessary  to  divide  the 
aponeurosis  of  the  External  oblique  so  as  to  lay  open  the  inguinal  canal.  In 
dividing  the  stricture  the  direction  of  the  incision  should  be  upward. 

When  the  intestine  passes  along  the  spermatic  canal  and  escapes  from  the 
external  ring  into  the  scrotum,  *it  is  called  complete  oblique  inyuinal  or  scrotal 
hernia.  If  the  intestine  does  not  escape  from  the  external  ring,  but  is  retained 
in  the  inguinal  canal,  it  is  called  incomplete  inguinal  hernia^  or  bubonocele.  In 
each  of  these  cases  the  coverings  which  invest  it  will  depend  upon  the  extent  to 
which  it  descends  in  the  inguinal  canal. 

There  are  some  other  varieties  of  oblique  inguinal  hernia  depending  upon  con- 
genital defects  in  the  processus  vaginalis.  The  testicle  in  its  descent  from  the 
abdomen  into  the  scrotum  is  accompanied  by  a  pouch  of  peritoneum,  which  about 
the  period  of  birth  becomes  shut  off  from  the  general  peritoneal  cavity  by  a  closure 
of  that  portion  of  the  pouch  which  extends  from  the  internal  abdominal  ring  to 
near  the  upper  part  of  the  testicle,  the  lower  portion  of  the  pouch  remaining  per- 
sistent as  the  tunica  vaginalis.  It  would  appear  that  this  closure  commences  at 
two  points — viz.  at  the  internal  abdominal  ring  and.at  the  top  of  the  epididymis — 
and  gradually  extends  until,  in  the  normal  condition,  the  whole  of  the  inter- 
vening portion  is  converted  into  a  fibrous  cord.  From  failure  in  the  completion 
of  this  process  variations  in  the  relation  of  the  hernial  protrusion  to  the 
testicle  and  tunica  vaginalis  are  produced,  which  constitute  distinct  varieties 
of  inguinal  hernia,  and  which  have  received  separate  names  and  are  of  surgical 
importance.  These  are  congenital,  infantile,  encysted,  and  hernia  of  the  funicu- 
lar process. 

Oongenital  Hernia  (Fig.  625,  b). — Where  the  pouch  of  peritoneum  which 
accompanies  the  cord  and  testis  in  its  descent  remains  patent  throughout  and  is 
unclosed  at  any  point,  the  cavity  of  the  tunica  vaginalis  communicates  directly 
with  the  peritoneum.  The  intestine  descends  along  this  pouch  into  the  cavity  of 
the  tunica  vaginalis,  which  constitutes  the  sac  of  the  hernia,  and  the  gut  lies  in 
contact  with  the  testicle. 

Infantile  and  Encysted  Hernia. — Where  the  pouch  of  peritoneum  is  occluded 
at  the  internal  ring  only,  and  remains  patent  throughout  the  rest  of  its  extent, 
two  varieties  of  oblique  inguinal  hernia  may  be  produced,  which  have  received 
the  names  of  infantile  and  encysted  hernia.  In  the  infantile  form  (Fig.  625,  c) 
the  bowel,  pressing  upon  the  septum  and  the  peritoneum  in  its  immediate 
neighborhood,  causes  it  to  yield  and  form  a  sac,  which  descends  behind  the 
tunica  vaginalis,  so  that  in  front  of  the  bowel  there  are  three  layers  of  per- 
itoneum, the  two  layers  of  the  tunica  vaginalis  and  its  own  sac.  In  the  encysted 
form  (Fig.  625,  d)  pressure  in  the  same  position — namely,  at  the  occluded  spot  in 
the  pouch — causes  the  septum  to  yield  and  form  a  sac  which  projects  into  and  not 
behind  the  tunica  vaginalis,  as  in  the  infantile  form,  and  thus  it  constitutes  a  sac 
within  a  sac,  so  that  in  front  of  the  bowel  there  are  two  layers  of  peritoneum — one 
layer  of  the  tunica  vaginalis  and  its  own  sac. 

Hernia  into  the  Funicular  Process  (Fig.  625,  e). — Where  the  pouch  of  perito- 
neum is  occluded  at  the  lower  point  only — that  is,  just  above  the  testicle — the 
intestine  descends  into  the  pouch  of  peritoneum  as  far  as  the  testicle,  but  is  pre- 
vented from  entering  the  sac  of  the  tunica  vaginalis  by  the  septum  which  has 
formed  between  it  and  the  pouch,  so  that  it  resembles  the  congenital  form  in  all 
respects,  except  that,  instead  of  enveloping  the  testicle,  that  body  can  be  felt 
below  the  rupture. 

Direct  Inguinal  Hernia. 

In  direct  inguinal  hernia  the  protrusion  makes  its  way  through  some  part  of 
the  abdominal  wall  internal  to  the  epigastric  artery. 
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At  the  lower  part  of  the  abdominal  wall  is  a  triangular  space  {IlesselbacJi  s 
triangle)  bounded  externally  by  the  deep  epigastric  artery,  internally  by  the 
margin  of  the  Rectus  muscle,  below  by  Poupart*s  ligament.  The  conjoined 
tendon  is  stretched  across  the  inner  two-thirds  of  this  space,  the  remaining 
portion  of  the  space  having  only  the  subperitoneal  areolar  tissue  and  the  trans- 
versalis  fascia  between  the  peritoneum  and  the  aponeurosis  of  the  External 
oblique  muscle. 

In  some  cases  the  hernial  protrusion  escapes  from  the  abdomen  on  the  outer 
side  of  the  conjoined  tendon,  pushing  before  it  the  peritoneum,  the  subserous 
areolar  tissue,  and  the  transversalis  fascia.  It  then  enters  the  inguinal  canal, 
passing  along  nearly  its  whole  length,  and  finally  emerges  from  the  external  ring, 
receiving  an  investment  from  the  intercolumnar  fascia.  The  coverings  of  this 
form  of  hernia  are  precisely  similar  to  those  investing  the  oblique  form,  with  the 
insignificant  difference  that  the  infundibuliform  fascia  is  replaced  by  a  portion 
derived  from  the  general  layer  of  the  fascia  transversalis. 

In  other  cases — ^and  this  is  the  more  frequent  variety — the  hernia  is  either  forced 
through  the  fibres  of  the  conjoined  tendon  or  the  tendon  is  gradually  distended  in 
front  of  it  so  as  to  form  a  complete  investment  for  it.  The  intestine  then  enters 
the  lower  end  of  the  inguinal  canal,  escapes  at  the  external  ring  lying  on  the 
inner  side  of  the  cord,  and  receives  additional  coverings  from  the  superficial  fascia 
and  the  integument.  This  form  of  hernia  has  the  same  coverings  as  the  oblique 
variety,  excepting  that  the  conjoined  tendon  is  substituted  for  the  Cremasten  and 
the  infundibuliform  fascia  is  replaced  by  a  portion  derived  from  the  general  layer 
of  the  fascia  transversalis. 

The  difference  between  the  position  of  the  neck  of  the  sac  in  these  two  forms 
of  direct  inguinal  hernia  has  been  referred,  with  some  probability,  to  a  difference 
in  the  relative  positions  of  the  obliterated  hypogastric  artery  and  the  deep 
epigastric  artery.  When  the  course  of  the  obliterated  hypogastric  artery  cor- 
responds pretty  nearly  with  that  of  the  deep  epigastric — which  is  regarded  as  the 
normal  arrangement — the  projection  of  these  arteries  toAvard  the  cavity  of  the 
abdomen  produces  two  fossae  in  the  peritoneum.  The  bottom  of  the  external  fossa 
of  the  peritoneum  corresponds  to  the  position  of  the  internal  abdominal  ring,  and 
a  hernia  which  distends  and  pushes  out  the  peritoneum  lining  this  fossa  is  an 
oblique  hernia.  When,  on  the  other  hand,  the  obliterated  hypogastric  artery  lies 
considerably  to  the  inner  side  of  the  deep  epigastric  artery,  corresponding  to  the 
outer  margin  of  the  conjoined  tendon,  it  divides  the  triangle  of  Hesselbach  into 
two  parts,  so  that  three  depressions  will  be  seen  on  the  inner  surface  of  the  lower 
part  of  the  abdominal  wall — viz.  an  external  one,  on  the  outer  side  of  the  deep 
epigastric  artery ;  a  middle  one,  between  the  deep  epigastric  and  the  obliterated 
hypogastric  arteries ;  and  an  internal  one,  on  the  inner  side  of  the  obliterated 
hypogastric  artery.  In  such  a  case  a  hernia  may  distend  and  push  out  the 
peritoneum  forming  the  bottom  of  either  fossa.  W^hen  the  hernia  distends  and 
pushes  out  the  peritoneum  forming  the  bottom  of  the  external  fossa,  it  is  an  oblique 
or  external  inguinal  hernia. 

When  the  hernia  distends  and  pushes  out  the  peritoneum  forming  the  bottom 
of  either  the  middle  or  the  internal  fossa,  it  is  a  direct  or  internal  hernia. 

The  anatomical  difference  between  these  two  forms  of  direct  or  internal 
inguinal  hernia  is  that,  when  the  hernia  protrudes  through  the  middle  fossa — that 
is,  the  fossa  between  the  deep  epigastric  and  the  obliterated  hypogastric  arteries — 
it  will  enter  the  upper  part  of  the  inguinal  canal;  consequently  its  coverings  will  be 
the  same  as  those  of  an  oblique  hernia,  with  the  insignificant  difference  that  the 
infundibuliform  fascia  is  replaced  by  a  portion  derived  from  the  general  layer  of 
the  fascia  transversalis,  whereas  when  the  hernia  protrudes  through  the  internal 
fossa  it  is  either  forced  through  the  fibres  of  the  conjoined  tendon  or  the  tendon  is 
gradually  distended  in  front  of  it  so  as  to  form  a  complete  investment  for  it.  The 
intestine  then  enters  the  lower  part  of  the  inguinal  canal,  and  escapes  from  the 
external  abdominal  ring  lying  on  the  inner  side  of  the  cord. 
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This  form  of  hernia  has  the  same  coverinffs  as  the  oblique  variety,  excepting 
that  the  conjoined  tendon  is  substituted  for  the  Gremaster,  and  the  infundibuli- 
form  fascia  is  replaced  by  a  portion  derived  from  the  general  layer  of  the  fascia 
transversalis. 

The  seat  of  stricture  in  both  varieties  of  direct  hernia  is  most  frequently  at  the 
neck  of  the  sac  or  at  the  external  ring.  In  that  form  of  hernia  which  perforates 
the  conjoined  tendon  it  not  unfrequently  occurs  at  the  edges  of  the  fissure  through 
which  the  gut  passes.  In  dividing  the  stricture  the  incision  should  in  all  cases  he 
directed  upward.* 

If  the  hernial  protrusion  passes  into  the  inguinal  canal,  but  does  not  escape 
from  the  external  abdominal  ring,  it  forms  what  is  called  incomplete  direct  hernia. 
This  form  of  hernia  is  usually  of  small  size,  and  in  corpulent  persons  very  difficult 
of  detection. 

Direct  inguinal  hernia  is  of  much  less  frequent  occurrence  than  the  oblique, 
their  comparative  frequency  being,  according  to  Cloquet,  as  one  to  five.  It  occurs 
far  more  frequently  in  men  than  in  women,  on  account  of  the  larger  size  of  the 
external  ring  in  the  former  sex.  It  differs  from  the  oblique  in  its  smaller  size  and 
globular  form,  dependent  most  probably  on  the  resistance  offered  to  its  progress  by 
the  transversalis  fascia  and  conjoined  tendon.  It  differs  also  in  its  position,  being 
placed  over  the  os  pubis  and  not  in  the  course  of  the  inguinal  canal.  The  deep 
epigastric  artery  runs  on  the  outer  or  iliac  side  of  the  neck  of  the  sac,  and  the 
spermatic  cord  along  its  external  and  posterior  side,  not  directly  behind  it,  as  in 
oblique  inguinal  hernia. 

FEMOBAL   HEBNIA. 

The  dissection  of  the  parts  comprised  in  the  anatomv  of  femoral  hernia  should  be  per- 
formed, if  possible,  upon  a  female  subject  free  from  fat.  The  subject  should  lie  upon  its  back  ; 
a  block  is  firat  placed  under  the  pelvis,  the  thigh  everted,  and  the  knee  slightly  bent  and 
retained  in  this  position.  An  incision  should  then  oe  made  from  the  anterior  superior  spinous 
process  of  the  ilium  along  Poupart's  ligament  to  the  symphysis  pubis ;  a  second  incision  should 
be  carried  transversely  across  the  thigh  about  six  inches  beneath  the  preceding ;  and  these  are 
to  be  connected  together  by  a  vertical  one  carried  along  the  inner  side  of  the  thigh.  These 
several  incisions  should  diviae  merely  the  integument ;  this  is  to  be  reflected  outward,  when  the 
superficial  fascia  will  be  exposed. 

The  superficial  fascia  forms  a  continuous  layer  over  the  whole  of  the  thigh, 
consisting  of  areolar  tissue,  containing  in  its  meshes  much  fat,  and  capable  of 
being  separated  into  two  or  more  layers,  between  which  are  found  the  superficial 
vessels  and  nerves.  It  varies  in  thickness  in  different  parts  of  the  limb.  In  the 
groin  it  is  thick,  and  the  two  layers  are  separated  from  one  another  by  the  super- 
ficial inguinal  lymphatic  glands,  the  internal  saphenous  vein,  and  several  smaller 
vessels.  One  of  these  layers,  the  superficial,  is  continuous  with  the  superficial 
fascia  of  the  abdomen. 

The  superficial  layer  should  be  detached  by  dividing  it  across  in  the  same  direction  as  the 
external  incisions ;  its  removal  will  be  facilitated  by  commencing  at  the  lower  and  inner  angle  of 
the  space,  detaching  it  at  first  from  the  front  of  the  internal  saphenous  vein,  and  dissecting  it 
off"  from  the  anterior  surface  of  that  vessel  and  its  tributaries ;  it  should  then  be  reflected  out- 
ward in  the  same  manner  as  the  integiunent.  The  cutaneous  vessels  and  nerves  and  superficial 
inguinal  glands  are  then  exposed,  lying  upon  the  deep  layer  of  the  superficial  fascia.  These  are 
the  internal  saphenous  vein  and  the  superficial  epigastric,  superficial  circumflex  iliac,  and  super- 
ficial external  pudic  vessels,  as  well  as  numerous  lymphatics,  ascending  with  the  saphenous  vein 
to  the  inguinal  glands. 

The  internal  or  long  saphenoiLS  vein  ascends  along  the  inner  side  of  the  thigh, 
and,  passing  through  the  saphenous  opening  in  the  fascia  lata,  terminates  in  the 
femoral  vein  about  an  inch  and  a  half  below  Poupart's  ligament.     This  vein 

'  In  all  cases  of  inguinal  hernia,  whether  obliaue  or  direct,  it  is  proper  to  divide  the  stricture 
directly  upward  :  the  reason  of  this  is  obvious,  for  by  cutting  in  this  direction  the  incision  is  made 
parallel  to  the  deep  epigastric  artery — either  external  to  it  in  the  oblique  variety,  or  internal  to  it  in 
the  direct  form  of  hernia — and  thus  all  chance  of  wounding  the  vessel  is  avoided.  If  the  incision 
was  made  outward,  the  artery  might  be  divided  if  the  hernia  was  direct ;  and  if  made  inward,  it  would 
stand  an  equal  chance  of  injury  if  the  case  was  one  of  oblique  inguinal  hernia. 
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receives  at  the  saphenouB  opening  the  superficial  epigaBiric,  tlie  superficial 
circumflex    iliac,  and  the  superficial  external  pudic  veins. 

The  superficial  external  pudic  artery  (superior)  arises  from  the  inner  side  of 
the  femoral  artery,  and,  after  passing  through  the  saphenous  opening,  courses 
inward  across  the  spermatic  cord,  to  be  distributed  to  the  integument  on  the 
lower  part  of  the  abdomen,  the  penis  and  scrotum  in  the  male  and  the  labium  in 
the  female,  anastomosing  with  branches  of  the  internal  pudic. 

The  superficial  epigastric  artery  arises  from  the  femoral  about  half  an  inch 
below  Poupart's  ligament,  and,  passing  through  the  saphenous  opening  in  the 
fascia  lata,   ascends  on  to  the   abdomen,   in  the  superficial  fascia  covering  tte 


F[a.  C26.— Fetnaral  hemla.    Superflcial  dissectton. 


External  oblique  muscle,  nearly  as  high  as  the  umbilicus. 


It  distributes  branches 


to  the  superficial  inguinal  lymphatic  glands,  the  superficial  fascia,  and  the  integu- 
ment, anastomosing  with  branches  of  the  deep  epigastric  and  internal  mammary 
arteries. 

The  superficial  circumjlex  iliac  artery,  the  smalle.st  of  the  cutaneous  branches. 
arises  close  to  the  preceding,  and,  piercing  the  fascia  lata,  runs  outward,  parallel 
with  Poupart's  ligament,  as  far  as  the  crest  of  the  ilium,  dividing  into  branches 
which  supply  the  superficial  inguinal  lymphatic  glands,  the  superficial  fascia,  and 
the  integument  of  the  groin,  anastomosing  with  tne  deep  circumflex  iliac,  and  with 
the  gluteal  and  external  circumflex  arteries. 

The  Superficial  Veins. — The  veins  accompanying  these  superficial  arteries  are 
usually  much  larger  than  the  arteries :  they  terminate  in  the  internal  or  long 
sajihenous  vein  at  the  saphenous  opening. 
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The  superficial  inguinal  lymphatic  glands^  placed  immediately  beneath  the 
integument,  are  of  large  size  and  vary  from  eight  to  ten  in  number.  They  are 
divisible  into  two  groups :  an  upper,  disposed  irregularly  along  Poupart's  ligament, 
which  receive  the  lymphatic  vessels  from  the  integument  of  the  scrotum,  penis, 
parietes  of  the  abdomen,  perineal  and  gluteal  regions,  and  the  mucous  membrane 
of  the  urethra ;  and  an  inferior  group,  which  surround  the  saphenous  opening  in 
the  fascia  lata,  a  few  being  sometimes  continued  along  the  saphenous  vein  to  a 
variable  extent.  This  latter  group  receive  the  superficial  lymphatic  vessels  from 
the  lower  extremity. 

The  ilio'inguinal  nerve  arises  from  the  first  lumbar  nerve.  It  escapes  at  the 
external  abdominal  ring,  and  is  distributed  to  the  integument  of  the  upper  and 
inner  part  of  the  thigh — to  the  scrotum  in  the  male  and  to  the  labium  in  the 
female.  The  size  of  this  nerve  is  in  inverse  proportion  to  that  of  the  ilio-hypo- 
gastric.  Occasionally  it  is  very  small,  and  ends  by  joining  the  ilio-hypogastric : 
in  such  cases  a  branch  of  the  ilio-hypogastric  takes  the  place  of  the  ilio-inguinal, 
or  the  latter  nerve  may  be  altogether  absent.  The  crural  branch  of  the  genito- 
crural  nerve  passes  along  the  inner  margin  of  the  Psoas  muscle,  beneath  Poupart's 
ligament,  into  the  thigh,  entering  the  sheath  of  the  femoral  vessels,  and  lying 
superficial  and  a  little  external  to  the  femoral  artery.  It  pierces  the  anterior  layer 
of  the  sheath  of  the  vessels,  and,  becoming  superficial  by  passing  through  the  fascia 
lata,  it  supplies  the  skin  of  the  anterior  aspect  of  the  thigh  as  far  as  midway 
between  the  pelvis  and  knee.  On  the  front  of  the  thigh  it  communicates  with 
the  outer  branch  of  the  middle  cutaneous  nerve,  derived  from  the  anterior  crural. 

The  deep  layer  of  the  superficial  fascia  is  a  very  thin  fibrous.layer,  best  marked 
on  the  inner  side  of  the  long  saphenous  vein  and  below  Poupart's  ligament.  It  is 
placed  beneath  the  subcutaneous  vessels  and  nerves,  and  upon  the  surface  of  the 
fascia  lata,  to  which  it  is  intimately  adherent  at  the  lower  margin  of  Poupart's 
ligament.  It  covers  the  saphenous  opening  in  the  fascia  lata,  is  closely  united  to 
its  circumference,  and  is  connected  to  the  sheath  of  the  femoral  vessels  corre- 
sponding to  its  under  surface.  The  portion  of  fascia  covering  this  aperture  is 
perforated  by  the  internal  saphenous  vein  and  by  numerous  blood-  and  lymphatic 
vessels ;  hence  it  has  been  termed  the  cribriform  fascia^  the  openings  for  these 
vessels  having  been  likened  to  the  holes  in  a  sieve.  The  cribriform  fascia  adheres 
closely  both  to  the  superficial  fascia  and  to  the  fascia  lata,  so  that  it  is  described 
by  some  anatomists  as  a  part  of  the  fascia  lata,  but  it  is  usually  considered  (as  in  this 
work)  as  belonging  to  the  superficial  fascia.  It  is  not  till  the  cribriform  fascia  has 
been  cleared  away  that  the  saphenous  opening  is  seen,  so  that  this  opening  does 
not  in  ordinary  cases  exist  naturally,  but  is  the  result  of  dissection.  A  femoral 
hernia  in  passing  through  the  saphenous  opening  receives  the  cribriform  fascia  as 
one  of  its  coverings. 

The  deep  layer  of  superficial  fascia,  together  with  the  cribriform  fascia,  having 
been  removed,  the  fascia  lata  is  exposed. 

The  Fascia  Lata  has  been  already  described  with  the  muscles  of  the  front  of 
the  thigh  (page  508).  At  the  upper  and  inner  part  of  the  thigh,  a  little  below 
Poupart's  ligament,  a  large  oval-shaped  aperture  is  observed  after  the  superficial 
fascia  has  been  cleared  away  ;  it  transmits  the  internal  saphenous  vein  and  other 
smaller  vessels,  and  is  called  the  saphenovA  opening.  In  order  the  more  correctly 
to  consider  the  mode  of  formation  of  this  aperture,  the  fascia  lata  in  this  part  of  the 
thigh  is  described  as  consisting  of  two  portions,  an  iliac  portion  and  a  pubic  portion. 

The  iliac  portion  is  all  that  part  of  the  fascia  lata  on  the  outer  side  of  the 
saphenous  opening.  It  is  attached  externally  to  the  crest  of  the  ilium  and  its 
anterior  superior  spine  ;  to  the  whole  length  of  Poupart's  ligament  as  far  internally 
as  the  spine  of  the  os  pubis ;  and  to  the  pectineal  line  in  conjunction  with  Gimbernat's 
ligament.  From  the  spine  of  the  os  pubis  it  is  reflected  downward  and  outward, 
forming  an  arched  margin,  the  outer  boundary  or  falciform  process  or  superior 
comu  of  the  saphenous  opening.  This  margin  overlies  and  is  adherent  to  the 
anterior  layer  of  the  sheath  of  the  femoral  vessels ;  to  its  edge  is  attached  the 
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cribriform  fascia,  and  below  it  is  continuoua  with  the  pubic  portion  of  the  fascik 
lata. 

The  pubic  portion  of  the  fascia  lata  ia  situated  at  the  inner  side  of  the  saphenous 
openiDg:  at  the  lower  margin  of  this  aperture  it  is  continuous  with  the  iliac 
portion  :  traced  upward,  it  covers  the  surface  oi'  the  Pectineus,  Adductor  longus, 
and  Gracilis  muscies;  and,  passing  behind  the  sheath  of  the  femoral  vessels.  10 
which  it  is  closely  united,  is  continuous  with  the  sheath  of  the  Psoas  and  IliacuE 
muscles,  and  is  attached  above  to  the  ilio-pectineal  line,  where  it  becomes 
continuous  with  the  fascia  covering  the  Iliacus  muscle.  From  this  description  it 
may  1>e  observed  that  the  iliac  portion  of  the  fascia  lata  passes  in  front  of  ibe 
femoral  vessels  and  the  pubic  portion  behind  them,  so  that  an  apparent  aperture 


Fio.  627.— Femoral  hi>rnia,  ahowlnir  Rucla  lata  and  inphenoiu  opening. 

consequently  exists  between  the  two,  through  which  the  internal  saphenous  joins 
the  femoral  vein. 

The  Saphenona  Opening  is  an  oval-shaped  aperture  measuring  about  an  inch 
and  a  half  in  length  and  half  an  inch  in  width.  It  is  situated  at  the  upper  and 
inner  part  of  the  front  of  the  thigh,  below  Ponpart'a  ligament,  and  is  directed 
obliquely  downward  and  outward. 

Its  outer  margin  is  of  a  semilunar  form,  tbin,  strong,  sharply  defined,  and  lies 
CD  a  plane  considerably  anterior  to  the  inner  margin.  If  this  edge  is  traced 
upward,  it  will  be  seen  to  form  a  curved  elongated  process,  the  falciform  procta 
or  nuperior  cornu,  which  ascends  in  front  of  the  femoral  vessels,  and.  curving 
inward,  is  attached  to  Poupart's  ligament  and  to  the  spine  of  the  os  pubis  and 
pectineal  line,  where  it  is  continuous  with  the  pubic  portion.  If  traced  down- 
ward, it  is  found  continuous  with  another  curved  margin,  the  concavity  of  whicli 
is   directed  upward  and  inward:    this  is   the   inferior  cornu   of  the  saphenous 
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opening,  ftod  is  blended  with  the  pubic  portion  of  the  fascia  lata  covering  the 
Pectineus  muscle. 

The  inner  boundary  of  the  opening  is  on  a  plane  posterior  to  the  outer  margin 
and  behind  the  level  of  the  femoral  vessels;  it  is  much  less  prominent  and  defined 
than  the  outer,  from  being  stretched  over  the  subjacent  Pectineus  muscle.  It  is 
through  the  saphenous  opening  that  a  femoral  hernia  passes  after  descending  along 
the  crural  canal. 

If  the  finger  is  introduced  into  the  saphenous  opening  while  the  limb  is  moved 
in  different  directions,  the  aperture  will  be  found  to  be  greatly  constricted  on 
extending  the  limb  or  rotating  it  ontward,  and  to  be  relaxed  on  flexing  the  limb 


Fid.  eai.— Femoral  bernla.  Il[ac  portion  of  fuclo  lata  removed,  and  «h«alh  or  Temoral  veuelB  and  l^moial 
canal  exposed. 

and  inverting  it :  hence  the  necessity  for  placing  the  limb  in  the  latter  position  in 
employing  the  taxis  for  the  reduction  of  a  femoral  hernia. 

The  iliac  portion  of  the  fascia  lata,  but  not  its  falciform  proce^,  should  now  be  removed  b; 
detachinj!  it  m>m  the  lower  margin  of  Poupart's  ligament,  carefully'  dissecting  it  from  the  sub- 
jacent sUw;tures,  and  turninft  it  inward,  when  the  sheath  of  the  femoral  veaeeb  is  exposed, 
descending  beneath  Poupart's  ligament  (Fip.  628), 

Fotipart's  Ligament,  or  the  Omral  Arch,  is  the  lower  border  of  the  aponeurosis 
of  the  External  oblique  muscle,  which  extends  from  the  anterior  superior  spine  of 
the  ilium  to  the  spine  of  the  os  pubia.  From  this  latter  point  it  Is  reflected  outward, 
to  be  attached  to  the  pectineal  line  for  about  half  an  inch,  forming  Gimbernat's 
ligament.  Its  general  direction  is  curved  downward  toward  the  thigh,  where  it 
is  continuous  with  the  fascia  lata.  Its  outer  half  is  rounded  and  oblique  in 
direction.  Its  inner  half  gradually  widens  at  its  attachment  to  the  os  pubis,  is 
more  horizontal  in  direction,  and  lies  beneath  the  spermatic  cord.     Nearly  the 
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whole  of  the  space  included  betweeo  the  crural  arch  aad  iunomiQate  boae  is  filled 
ID  by  the  parts  which  deacead  from  the  abdomen  into  the  thigh.  The  outer  half 
of  the  space  is  occupied  by  the  Iliacua  and  Psoas  muscles,  together  with  ihe 
external  cutaneous  and  anterior  crural  nerves.  The  pubic  half  of  the  space  is 
occupied  by  the  femoral  vessels  included  in  their  sheath,  a  small  oval-shaped 
interval  existing  between  the  femoral  vein  and  the  inner  wall  of  the  sheath, 
which  is  occupied  merely  by  a  little  loose  areolar  tissue,  a  few  lymphatic  vessels. 


and  occasionally  by  a  small  lymphatic  gland:  this  is  the  crural  ring,  through 
which  the  gut  descends  in  femoral  hernia. 

Glntbemat's  Ligament  (Fig.  630)  is  that  part  of  the  aponeurosis  of  the  External 
oblique  muscle  which  is  reflected  downward  and  outward  from  the  spine  of  the 
OS  pubis,  to  be  inserted  into  the  pectineal  line.  It  is  about  half  an  inch  in  length, 
larger  in  the  male  than  in  the  female,  almost  horizontal  in  direction  in  the  erect 
posture,  and  of  a  triangular  form,  with  the  base  directed  outward.  Its  bate,  or 
outer  margin,  is  concave,  thin,  and  sharp,  and  lies  in  contact  with  the  crural  sheaih. 
Its  apex  corresponds  to  the  spine  of  the  os  pubis.  Itapoiterior  margin  is  attached 
to  the  pectineal  line,  and  is  continuous  with  the  pubic  portion  of  the  fascia  lata. 
Its  anterior  margin  is  continuous  with  Poupart's  ligament. 

Omral  Sheath. — The  femoral  or  crural  sheath  is  a  continuation  downward  of 
the  fasciie  that  line  the  abdomen,  the  transversalis  fascia  passing  down  in  front  of 
the  femoral  vessels,  and  the  iliac  fascia  descending  behind  them  ;  these  fascise 
are  directly  continuous  on  the  iliac  side  of  the  femoral  artery,  but  a  small  space 
exists  between  the  femoral  vein  and  the  point  where  they  are  continuous  on  the 
pubic  side  of  that  vessel,  which  constitutes  the  femoral  or  crural  canal.     The 
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femoral  sheath  is  closely  adherent  to  the  contained  vessels  about  an  inch  below 
the  aaphenoua  opening,  being  blended  with  the  areolar  sheath  of  the  vessels, 
but  opposite  Poupart's  ligament  it  is  much  larger  than  is  required  to  contain  them ; 
hence  the  funnel-shaped  form  which  it  presents.  The  outer  border  of  the  sheath 
is  perforated  by  the  genito-crural  nerve.  Its  inner  border  is  pierced  by  the  internal 
saphenous  vein  and  numerous  lymphatic  vessels.  In  front  it  is  covered  by  the 
iliac  portion  of  the  fascia  lata ;  and  behind  it  ia  the  pubic  portion  of  the  same 
fascia. 

If  the  anterior  wall  of  the  sheath  is  removed,  the  femoral  artery  and  vein  are 
seen  lying  side  by  side,  a  thin  septum  separating  the  two  vessels,  while  another 
septum  may  be  seen  lying  just  internal  to  the  vein,  and  cutting  off  a  small  space 
between  the  vein  and  the  inner  wall  of  the  sheath.  The  septa  are  stretched  between 
the  anterior  and  posterior  walls  of  the  sheath,  so  that  each  vessel  is  enclosed  in 
a  separate  compartment.  The  interval  left  between  the  vein  and  the  inner 
wall  of  the  sheath  is  not  filled  up  by  any  structure,  excepting  a  little  loose 
areolar  tissue,  a  few  lymphatic  vessels,  and  occaaionatly  by  a  small  lymphatic 


Fig.  S30.— Hemla.  The  relations  ofthe  Immoral  and  InteniBl  abdominal  rings,  Been  from  within  the  abdo- 
men,   RlghlBJde. 

gland:  this  is  the  femoral  or  crural  canal,  through  which  the  intestine  descends  in 
femoral  hernia. 

Deep  Cmrid  Arch. — Passing  across  the  front  of  the  crural  sheath  on  the 
abdominal  side  of  Poupart's  ligament,  and  closely  connected  with  it,  is  a  thickened 
band  of  fibres  called  the  deep  crural  arch.  It  is  apparently  a  thickening  of  the 
fascia  transversalis,  joining  externally  to  the  centre  of  Pouparts  ligament,  and 
arching  across  the  front  of  the  crural  sheath,  to  be  inserted  by  a  broad  attachment 
into  the  pectineal  line  behind  the  conjoined  tendon.  In  some  subjects  this 
structure  is  not  very  prominently  marked,  and  not  unfrequently  it  is  altogether 
wanting. 

The  cmral  canal  is  the  narrow  interval  between  the  femoral  vein  and  the  inner 
wall  of  the  crural  sheath.  It  exists  as  a  distinct  canal  only  when  the  sheath  has 
been  separated  from  the  vein  by  dissection  or  by  the  pressure  of  a  hernia  or  tumor. 
Its  length  is  from  a  quarter  to  half  an  inch,  and  it  extends  from  Gimbernat's  liga- 
ment to  the  upper  part  of  the  saphenous  opening. 

Its  anterior  wall  is  very  narrow,  and  formed  by  a  continuation  downward  of 
the  fascia  transversalis,  under  Poupart's  ligament,  covered  by  the  falciform  pro- 
cess of  the  fascia  lata. 
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Its  posterior  wall  is  formed  by  a  continuation  downward  of  the  iliac  fascia 
covering  the  pubic  portion  of  tne  fascia  lata. 

Its  outer  wall  is  formed  by  the  fibrous  septum  separating  it  from  the  inner 
side  of  the  femoral  vein. 

Its  inner  wall  is  formed  by  the  junction  of  the  processes  of  the  transversalis 
and  iliac  fasciae,  which  form  the  inner  side  of  the  femoral  sheath,  and  lies  in 
contact  at  its  commencement  with  the  outer  edge  of  Gimbemat's  ligament. 

This  canal  has  two  orifices — an  upper  one,  the  femoral  or  crural  ring,  closed 
by  the  septum  crurale ;  and  a  lower  one,  the  saphemms  opening^  closed  by  the 
cribriform  fascia. 

The  femoral  or  crural  ring  (Fig.  630)  is  the  upper  opening  of  the  femoral  canal, 
and  leads  into  the  cavity  of  the  abdomen.  It  is  bounded  in  front  by  Poupart's 
ligament  and  the  deep  crural  arch ;  behind,  by  the  os  pubis,  covered  by  the  Pectineus 
muscle  and  the  pubic  portion  of  the  fascia  lata;  internally,  by  the  base  of 
Gimbernat's  ligament,  the  conjoined  tendon,  the  transversalis  fascia,  and  the 
deep  crural  arch ;  externally,  by  the  fibrous  septum  lying  on  the  inner  side  of  the 
femoral  vein.  The  femoral  ring  is  of  an  oval  form ;  its  long  diameter,  directed 
transversely,  measures  about  half  an  inch,  and  it  is  larger  in  the  female  than  in 
the  male,  which  is  one  of  the  reasons  of  the  greater  frequency  of  femoral  hernia 
in  the  former  sex. 

Position  of  Parts  around  the  Ring. — The  spermatic  cord  in  the  male  and  round 
ligament  in  the  female  lie  immediately  above  the  anterior  margin  of  the  femoral 
ring,  and  may  be  divided  in  an  operation  for  femoral  hernia  if  the  incision  for  the 
relief  of  the  stricture  is  not  of  limited  extent.  In  the  female  this  is  of  little 
importance,  but  in  the  male  the  spermatic  artery  and  vas  deferens  may  be 
divided. 

The  femoral  vein  lies  on  the  outer  side  of  the  ring. 

The  deep  epigastric  artery  in  its  passage  upward  and  inward  from  the  external 
iliac  artery  passes  across  the  upper  and  outer  angle  of  the  crural  ring,  and  is 
consequently  in  danger  of  being  wounded  if  the  stricture  is  divided  in  a  direction 
upward  and  outward. 

The  communicating  branch  between  the  deep  epigastric  and  obturator  lies  in 
front  of  the  ring. 

The  circumference  of  the  ring  is  thus  seen  to  be  bounded  by  vessels  in  every 
part,  excepting  internally  and  behind.  It  is  in  the  former  position  that  the 
stricture  is  divided  in  cases  of  strangulated  femoral  hernia. 

The  obturator  arterg,  when  it  arises  by  a  common  trunk  with  the  deep  epigastric, 
which  occurs  once  in  every  three  subjects  and  a  half,  bears  a  very  important 
relation  to  the  crural  ring.  In  some  cases  it  descends  on  the  inner  side  of  the 
external  iliac  vein  to  the  obturator  foramen,  and  will  consequently  lie  on  the  outer 
side  of  the  crural  ring,  where  there  is  no  danger  of  its  being  wounded  in  the 
operation  for  dividing  the  stricture  in  femoral  hernia  (see  Fig.  373,  page  625, 
fig.  a).  Occasionally,  however,  the  obturator  artery  curves  along  the  free  margin 
of  Gimbernat's  ligament  in  its  passage  to  the  obturator  foramen :  it  would  conse- 
quently skirt  along  the  greater  part  of  the  circumference  of  the  crural  ring,  and 
could  hardly  avoid  being  wounded  in  the  operation  (see  Fig.  373,  page  625,  fig.  b). 

Septum  Orurale. — The  femoral  ring  is  closed  by  a  layer  of  condensed  areolar 
tissue  called,  by  J.  Cloquet,  the  septum  crurale.  This  serves  as  a  barrier  to  the 
protrusion  of  a  hernia  through  this  part.  Its  upper  surface  is  slightly  concave, 
and  supports  a  small  lymphatic  gland  by  which  it  is  separated  from  the  subserous 
areolar  tissue  and  peritoneum.  Its  under  surface  is  turned  toward  the  femoral 
canal.  The  septum  crurale  is  perforated  by  numerous  apertures  for  the  passage 
of  lymphatic  vessels  connecting  the  deep  inguinal  lymphatic  glands  with  those 
surrounding  the  external  iliac  artery. 

The  size  of  the  femoral  canal,  the  degree  of  tension  of  its  orifices,  and 
consequently  the  degree  of  constriction  of  a  hernia,  vary  according  to  the  position 
of  the  limb.    If  the  leg  and  thigh  are  extended,  abducted,  or  everted,  the  femoral 
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canal  and  its  orifices  are  rendered  tense  from  the  traction  on  these  parts  by 
Poupart's  ligament  and  the  fascia  lata,  as  may  be  ascertained  by  passing  the  finger 
along  the  canal.  If,  on  the  contrary,  the  thigh  is  flexed  upon  the  pelvis,  and  at 
the  same  time  adducted  and  rotated  inward,  the  femoral  canal  and  its  orifices 
become  considerably  relaxed ;  for  this  reason  the  limb  should  always  be  placed  in 
the  latter  position  when  the  application  of  the  taxis  is  made  in  attempting  the 
reduction  of  a  femoral  hernia. 

The  subperitoneal  areolar  tissue  is  continuous  with  the  subserous  areolar  tissue 
of  surrounding  parts.  It  is  usually  thickest  and  most  fibrous  where  the  iliac 
vessels  leave  the  abdominal  cavity.  It  covers  over  the  small  interval  (crural  ring) 
on  the  inner  side  of  the  femoral  vein.  In  some  subjects  it  contains  a  considerable 
amount  of  adipose  tissue.  In  such  cases,  where  it  is  protruded  forward  in  front 
of  the  sac  of  a  femoral  hernia,  it  may  be  mistaken  for  a  portion  of  omentum.  The 
peritoneum  lining  the  portion  of  the  abdominal  wall  between  Poupart's  ligament 
and  the  brim  of  the  pelvis  is  similar  to  that  lining  any  other  portion  of  the 
abdominal  wall,  being  very  thin.  It  has  here  no  natural  aperture  for  the  escape 
of  intestine. 

Descent  of  the  Hernia. — From  the  preceding  description  it  follows  that  the 
femoral  ring  must  be  a  weak  point  in  the  abdominal  wall :  hence  it  is  that  when 
violent  or  long-continued  pressure  is  made  upon  the  abdominal  viscera  a  portion 
of  intestine  may  be  forced  into  it,  constituting  a  femoral  hernia ;  and  the  changes 
in  the  tissues  of  the  abdomen  which  are  produced  by  pregnancy,  together  with  the 
larger  size  of  this  aperture  in  the  female,  serve  to  explain  the  frequency  of  this 
form  of  hernia  in  women. 

When  a  portion  of  the  intestine  is  forced  through  the  femoral  ring,  it  carries 
before  it  a  pouch  of  peritoneum,  which  forms  what  is  called  the  hernial  sac ;  it 
receives  an  investment  from  the  subserous  areolar  tissue  and  from  the  septum 
crurale,  and  descends  vertically  along  the  crural  canal  in  the  inner  compartment  of 
the  sheath  of  the  femoral  vessels  as  far  as  the  saphenous  opening ;  at  this  point  it 
changes  its  course,  being  prevented  from  extending  farther  down  the  sheath  on 
account  of  the  narrowing  of  the  sheath  and  its  close  contact  with  the  vessels,  and 
also  from  the  close  attachment  of  the  superficial  fascia  and  crural  sheath  to  the 
lower  part  of  the  circumference  of  the  saphenous  opening ;  the  tumor  is  conse- 
quently directed  forward,  pushing  before  it  the  cribriform  fascia,  and  then  curves 
upward  on  to  the  falcifonn  process  of  the  fascia  lata  and  lower  part  of  the  tendon 
of  the  External  oblique,  being  covered  by  the  superficial  fascia  and  integument. 
While  the  hernia  is  contained  in  the  femoral  canal  it  is  usually  of  small  size, 
owing  to  the  resisting  nature  of  the  surrounding  parts;  but  when  it  has  escaped 
from  the  saphenous  opening  into  the  loose  areolar  tissue  of  the  groin,  it  becomes 
considerably  enlarged.  The  direction  taken  by  a  femoral  hernia  in  its  descent  is 
at  first  downward,  then  forward  and  upward ;  this  should  be  borne  in  mind,  as 
in  the  application  of  the  taxis  for  the  reduction  of  a  femoral  hernia  pressure  should 
be  directed  in  the  reverse  order. 

Coverings  of  the  Hernia. — The  coverings  of  a  femoral  hernia,  from  within 
outward,  are — peritoneum,  subserous  areolar  tissue,  the  septum  crurale,  crural 
sheath,  cribriform  fascia,  superficial  fascia,  and  integument.^ 

Varieties  of  Femoral  Hernia. — If  the  intestine  descends  along  the  femoral  canal 
only  as  far  as  the  saphenous  opening,  and  does  not  escape  from  this  aperture,  it  is 
called  incomplete  femoral  hernia.  The  small  size  of  the  protrusion  in  this  form 
of  hernia,  on  account  of  the  firm  and  resisting  nature  of  the  canal  in  which  it  is 
contained,  renders  it  an  exceedingly  dangerous  variety  of  the  disease,  from  the 

*  Sir  Astley  Cooper  has  described  an  investment  for  femoral  hernia,  under  the  name  of  "  fascia 
propria,"  lying  immediately  external  to  the  peritoneal  sac,  but  frequently  separated  from  it  by  more 
or  less  adipose  tissue.  Surgically,  it  is  important  to  remember  the  existence  (at  any  rate,  the  occa- 
sional existence)  of  this  layer,  on  account  of  the  ease  with  which  an  inexperienced  operator  may  mis- 
take the  fascia  for  the  peritoneal  sac  and  the  contained  fat  for  omentum.  Anatomically,  this  fascia 
appears  identical  with  what  is  called  in  the  text  ''subserous  areolar  tissue,"  the  areolar  tissue  being 
thickened  and  caused  to  assume  a  membranous  appearance  by  the  pressure  of  the  hernia. 
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extreme  difficulty  of  detecting  the  existence  of  the  swelling,  especially  in  corpulent 
subjects.  The  coverings  of  an  incomplete  femoral  hernia  would  be,  from  without 
inward,  integument,  superficial  fascia,  falciform  process  of  fascia  lata,  crural 
sheath,  septum  crurale,  subserous  areolar  tissue,  and  peritoneum.  When,  however 
the  hernial  tumor  protrudes  through  the  saphenous  opening  and  directs  itself 
forward  and  upward,  it  forms  a  complete  femoral  hernia.  Occasionally  the  hernial 
sac  descends  on  the  iliac  side  of  the  femoral  vessels  or  in  front  of  these  vessels,  or 
even  sometimes  behind  them. 

The  seat  of  stricture  of  a  femoral  hernia  varies :  it  may  be  in  the  peritoneum 
at  the  neck  of  the  hernial  sac ;  in  the  greater  number  of  cases  it  would  appear  to 
be  at  the  point  of  junction  of  the  falciform  process  of  the  fascia  lata  with  the 
lunated  edge  of  Gimbernat*s  ligament,  or  at  the  margin  of  the  saphenous  opening 
in  the  thigh.  The  stricture  should  in  every  case  be  divided  in  a  direction  upward 
and  inward,  and  the  extent  necessary  in  the  majority  of  cases  is  about  two  or 
three  lines.  By  these  means  all  vessels  or  other  structures  of  importance  in 
relation  with  the  neck  of  the  hernial  sac  will  be  avoided. 


SURGICAL  ANATOMY  OF  THE  ISOHIO-RECTAL 

REGION  AND  PERINJIUM. 


Dissection.— The  student  should  select  a  well-developed  muscular  subject,  free  from  fat, 
and  the  dissection  should  be  commenced  early,  in  order  that  the  parts  may  be  examined  in  as 
recent  a  state  as  possible.  A  staff  having  been  introduced  into  the  bladder  and  the  subject 
placed  in  the  position  shown  in  Fig.  631,  the  scrotum  should  be  raised  upward,  and  retained  in 
that  position,  and  the  rectum  moderately  distended  with  tow. 

The  space  which  is  now  to  be  examined  corresponds  to  the  inferior  aperture 
or  outlet  of  the  pelvis.  Its  deep  boundaries  are,  in  front,  the  pubic  arch 
and  subpubic  ligament ;  behind,  the  tip  of  the  coccyx ;  and  on  each  side,  the 
rami  of  the  pubes  and  ischium,  the  tuberosities  of  the  ischium,  and  great  sacro- 
sciatic  ligaments.  The  space  included  by  these  boundaries  is  somewhat  lozenge- 
shaped,  and  is  limited  on  the  surface  of  the  body  by  the  scrotum  in  front,  by 
the  buttocks  behind,  and  on  each  side  by  the  inner  side  of  the  thighs.  A  line 
drawn  transversely  between  the  anterior  part  of  the  tuberosity  of  the  ischium  on 
each  side,  in  front  of  the  anus,  divides  this  space  into  two  portions.  The 
anterior  portion  contains  the  penis  and  urethra,  and  is  called  the  perinceum.  The 
posterior  portion  contains  the  termination  of  the  rectum,  and  is  called  the  ischio- 
rectal region, 

THE  ISOmO-REOTAL  BEGION. 

The  ischio-rectal  region  corresponds  to  the  portion  of  the  outlet  of  the 
pelvis  situated  immediately  behind  the  perinaeum :  it  contains  the  termination 
of  the  rectum  and  a  deep  fossa,  filled  with  fat,  on  each  side  of  the  intestine, 
between  it  and  the  tuberosity  of  the  ischium  :  this  is  called  the  ischio-rectal 
fossa. 

The  ischio-rectal  region  presents  in  the  middle  line  the  aperture  of  the  anus  : 
around  this  orifice  the  integument  is  thrown  into  numerous  folds,  which  are 
obliterated  on  distension  of  the  intestine.  The  integument  is  of  a  dark  color, 
continuous  with  the  mucous  membrane  of  the  rectum,  and  provided  with  numerous 
follicles,  which  occasionally  inflame  and  suppurate,  and  may  be  mistaken  for 
fistulsB.  The  veins  around  the  margin  of  the  anus  are  occasionally  much  dilated, 
forming  a  number  of  hard  pendent  masses,  of  a  dark  bluish  color,  covered  partly 
by  mucous  membrane  and  partly  by  the  integument.  These  tumors  constitute  the 
disease  called  external  piles. 

Dissection  (Fig.  631). — Make  an  incision  through  the  integument,  along  the  median 
line,  from  the  base  of  the  scrotum  to  the  anterior  extremity  of  tne  anus :  carry  it  round  the 
margins  of  this  aperture  to  its  posterior  extremity,  and  continue  it  backward  to  about  an  inch 
behind  the  tip  of  the  coccyx.  A  transverse  incision  should  now  be  carried  across  the  base  of 
the  scrotum,  joining  the  anterior  extremity  of  the  preceding ;  a  second,  carried  in  the  same 
direction,  should  be  made  in  front  of  the  anus ;  and  a  third  at  the  posterior  extremity  of  the 
first  incision.  These  incisions  should  be  suflBciently  extensive  to  enable  the  dissector  to»raise  the 
integument  from  the  inner  side  of  the  thighs.  The  flaps  of  skin  corresponding  to  the  ischio- 
rectal region  should  now  be  removed.  In  dissecting^the  integument  from  this  region  ^reat  care 
is  required,  otherwise  the  Corru^ator  cutis  ani  and  External  sphincter  will  be  removed,  as  they 
are  intimately  adherent  to  the  skm. 

The  superficial  fascia  is  exposed  on  the  removal  of  the  skin :  it  is  very  thick, 
areolar  in  texture,  and  contains  much  fat  in  its  meshes.  In  it  are  found  ramifying 
two  or  three  cutaneous  branches  of  the  small  sciatic  nerve ;  these  turn  round  the 
inferior  border  of  the  Gluteus  maximus  and  are  distributed  to  the  integument 
around  the  anus. 
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In  this  region,  and  connected  with  the  lower  end  of  the  rectum,  are  four  muscles : 
the  Corrugator  cutis  ani ;  the  two  Sphincters,  External  and  Internal;  and  the 
Levator  ani. 

These  muscles  have  been  already  described  (see  pages  460  and  461). 

The  ischio-rectal  fossa  is  situated  between  the  end  of  the  rectum  and  the 
tuberosity  of  the  ischium  on  each  side.  It  is  triangular  in  shape ;  its  base,  directed 
to  the  surface  of  the  body,  is  formed  by  the  integument  of  the  ischio-rectal  region ; 
its  apex^  directed  upward,  corresponds  to  the  point  of  division  of  the  obturator 
fascia  and  the  thin  membrane  given  off  from  it,  which  covers  the  outer  surface  of 
the  Levator  ani  (ischio-rectal  or  anal  fascia).  Its  dimensions  are  about  an  inch 
in  breadth  at  the  base  and  about  two  inches  in  depth,  being  deeper  behind  than 
in  front.  It  is  bounded,  internally^  by  the  Sphincter  ani.  Levator  ani,  and  Coc- 
cygeus  muscles ;  externalhf^  by  the  tuberosity  of  the  ischium  and  the  obturator 
fascia,  which  covers  the  inner  surface  of  the  Obturator  intern  us  muscle;  in  front, 
it  is  limited  by  the  line  of  junction  of  the  superficial  and  deep  perineal  fasciae: 
and  behind,  by  the  margin  of  the  Gluteus  maximus  and  the  great  sacro-sciatic  liga- 
ment. This  space  is  filled  with  a  large  mass  of  adipose  tissue,  which  explains  the 
frequency  with  which  abscesses  in  the  neighborhood  of  the  rectum  burrow  to  a 
considerable  depth. 

If  the  subject,  has  been  injected,  on  placing  the  finger  on  the  outer  wall  of  this 
fossa  the  internal  pudic  artery,  with  its  accompanying  veins  and  nerve,  will  be 
felt  about  an  inch  and  a  half  above  the  margin  of  the  ischiatic  tuberosity,  but 
approaching  nearer  the  surface  as  they  pass  forward  along  the  inner  margin  of  the 
pubic  arch.  These  structures  are  enclosed  in  a  sheath  (canal  of  Alcock)  formed 
by  the  obturator  fascia,  the  pudic  nerve  lying  below  the  artery  (Fig-  374).  Cross- 
ing the  space  transversely,  about  its  centre  are  the  inferior  haemorrhoidal  vessels 
and  nerves,  branches  of  the  internal  pudic ;  they  are  distributed  to  the  integu- 
ment of  the  anus  and  to  the  muscles  of  the  lower  end  of  the  rectum.  These 
vessels  are  occasionally  of  large  size,  and  may  give  rise  to  troublesome  haemorrhage 
when  divided  in  the  operation  of  lithotomy  or  of  fistula  in  ano.  At  the  back  part 
of  this  space  may  be  seen  a  branch  of  the  fourth  sacral  nerve,  and,  at  the  fore 
part  of  the  space  the  superficial  perineal  vessels  and  nerves  can  be  seen  for  a  short 
distance. 

THE  PERmJEUM  IN  THE  MALE. 

The  perineal  space  is  of  a  triangular  form ;  its  deep  boundaries  are  limited, 
laterally,  by  the  rami  of  the  pubic  bones  and  ischia,  meeting  in  front  at  the 
pubic  arch;  behind,  by  an  imaginary  transverse  line  extending  between  the 
tuberosities  of  the  ischia.  The  lateral  boundaries  are,  in  the  adult,  from  three 
inches  to  three  inches  and  a  half  in  length,  and  the  base  from  two  to  three  inches 
and  a  half  in  breadth,  the  average  extent  of  the  space  being  two  inches  and  three- 
quarters. 

The  variations  in  the  diameter  of  this  space  are  of  extreme  interest  in  connection  with  the 
operation  of  lithotomy  and  the  extraction  oi  a  stone  from  the  cavity  of  the  bladder.  In  those 
cases  where  the  tuberosities  of  the  ischia  are  near  together  it  would  be  necessaiy  to  make  the 
incisions  in  the  lateral  operation  of  lithotomy  less  oblique  than  if  the  tuberosities  were  widely 
sei)arated,  and  the  perineal  space  consequently  wider.  The  perinseum  is  subdivided  by  the 
median  raphe  into  two  equal  parts.  Of  these,  the  left  is  the  one  in  which  the  operation  of 
lithotomy  is  performed. 

In  the  middle  line  the  perinaeum  is  convex,  and  corresponds  to  the  bulb  of  the 
urethra.  The  skin  covering  it  is  of  a  dark  color,  thin,  freely  movable  upon  the 
subjacent  parts,  and  covered  with  sharp  crisp  hairs,  which  should  be  removed 
before  the  dissection  of  the  part  is  commenced.  In  front  of  the  anus  a  prominent 
line  commences,  the  raphe^  continuous  in  front  with  the  raphe  of  the  scrotum. 

Upon  removing  the  skin  and  superficial  structures  from  this  region,  in  the 
manner  shown  in  Fig.  631,  a  plane  of  fascia  will  be  exposed,  covering  in  the 
triangular  space  and  stretching  across  from  one  ischio-pubic  ramus  to  the  other. 
This  is  the  deep  layer  of  the  superficial  fascia  or  fascia  of  CoHes.     It  has  already 
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been  described  (page  462).  It  is  a  layer  of  considerable  strength,  and  encloses  and 
covers  a  space  in  which  are  conta.ined  muscles,  vessels,  and  nerves.  It  is  continuous 
in  front  with  the  dartos  of  the  scrotum ;  on  each  side  it  is  firmly  attached  to  the 
margin  of  the  ischio-pubic  ramus  and  to  the  tuberosity  of  tne  ischium;  and 
posteriorly  it  curves  down  behind  the  Transversus  perinsei  muscles  to  join  the 
lower  margin  of  the  deep  perineal  fascia. 

It  is  between  this  layer  of  fascia  and  the  next  layer,  the  superficial  layer  of  the  deep  perineal 
faiscia,  that  extravasation  of  urine  most  frequently  takes  place  in  cases  of  rupture  of  the  urethra. 
The  superficial  layer  of  the  deep  perineal  fascia  (see  page  465)  is  also  attached  to  the  ischio-pubic 
rami,  and  in  front  to  the  subpubic  ligament.  It  is  clear,  therefore,  that  when  extravasation  of 
fluid  takes  place  between  these  two  layers,  it  cannot  pass  backward,  because  the  two  layers  are 
continuous  with  each  other  around  the  Transversus  perinaBi  muscles :  it  cannot  extend  laterall]^^ 
on  account  of  the  connection  of  both  these  layers  to  the  rami  of  tne  os  pubb  and.  ischium ;  it 
cannot  find  its  way  into  the  pelvis,  because  the  opening  into  this  cavity  is  closed  by  the  deep 
perineal  &scia ;  and  therefore,  so  long  as  these  two  layers  remain  intact,  the  only  direction  in 
which  the  fluid  can  make  its  way  is  forward  into  the  areolar  tissue  of  the  scrotum  and  penis, 
and  from  thence  on  to  the  anterior  wall  of  the  abdomen. 

When  the  deep  layer  of  the  superficial  fascia  is  removed,  a  space  is  exposed 
between  this  fascia  and  the  deep  perineal  fascia  in  which  are  contained  most  of 


Fig.  631.— Dissection  of  perinseum  and  Ischio-rectal  region. 

the  branches  of  the  internal  pudic  artery,  with  their  accompanying  veins ;  the 
terminal  branches  of  the  internal  pudic  nerve ;  some  of  the  muscles  connected 
with  the  penis  and  urethra ; — in  the  middle  line,  the  Accelerator  urinae  ;  on  each 
side,  the  Erector  penis ;  and  behind,  the  Transversus  perinjei ; — the  crura 
of  the  corpora  cavernosa ;  and  the  bulb  of  the  corpus  spongiosum.  Here  also  is 
seen  the  central  tendinous  point  of  the  perinceum.  This  is  a  fibrous  point  in  the 
middle  line  of  the  perinaeum  between  the  urethra  and  the  rectum,  being  about  half 
an  inch  in  front  of  the  anus.  At  this  point  five  muscles  converge  and  are 
attached — viz.  the  External  sphincter  ani,  the  Acceleratores  urinsB,  and  the  two 
Transversi  perinaei  muscles — so  that  by  the  contraction  of  these  muscles,  which 
extend  in  opposite  directions,  it  serves  as  a  fixed  point  of  support. 

The  Accelerator  urinae,  the  Erector  penis,  and  the  Transversus  perinaei  muscles 
have  been  already  described  (page  463).  They  form  a  triangular  space,  bounded 
internally  by  the  Accelerator  urinae,  externally  by  the  Erector  penis,  and  behind 
by  the  Transversus  perinaei.  The  floor  of  this  space  is  formed  by  the  triangular 
ligament  of  the  urethra  (deep  perineal  fascia),  and  running  from  behind  forward 
in  it  are  the  superficial  perineal  vessels  and  nerves,  and  the  transverse  perineal 
artery  coursing  along  the  posterior  boundary  of  the  space  on  the  Transversus 
perinaei  muscle.  The  two  terminal  branches  of  the  internal  pudic  artery  are 
also  to  be  seen  in  this  space :  the  dorsal  artery  of  the  penis  ascending  between 
the  crus  and  the  pubic  arch,  and  the  artery  to  the  corpus  cavernosum  entering 
the  crus  immediately  after  the  division  of  the  parent  trunk.  The  perineal  nerve 
and  dorsal  nerve  of  the  penis,  the  two  terminal  branches  of  the  pudic  nerve,  are 


1086  SURGICAL    ANATOMY   OF   THE  PERINEUM. 

also  contaiaed  in  this  space:  the  perineal,  dividing  into  muscular  and  cutaneous 
branches,  and  the  dorsal  nerve,  accompanying  the  dorsal  artery  along  the  ischio- 
pubic  ramus,  and  with  it  piercing  the  suspensory  ligament  to  be  distributed  to  the 
penis. 

The  Accelerator  orinie  and  Erector  penis  should  now  be  removed,  when  the  deep  penned 
fascia  will  be  exposed,  stretching  across  the  front  part  of  the  outlet  of  the  pelvis.  The  uredira 
is  seen  perforating  its  centre  Just  behind  the  bulb,  and  on  each  side  is  the  cms  penis,  connectins 
the  corpus  cavemosum  with  the  rami  of  tie  ischimn  and  ob  pubis. 


The  deep  peiinsal  &scia  {triangular  ligament),  which  has  already  been  described 
(see  page  465),  consists  of  two  layers,  the  inferior  or  superficial  layer  of  which, 
sometimes  called  the  anterior  layer  of  the  triangular  ligament,  is  now  exposed.  It 
is  united  to  the  superior  or  deep  layer  behind,  but  is  separated  in  front  by  a  sub- 
fascial space,  in  which  are  contained  certain  structures. 

The  superficial  layer  of  the  deep  perineal  fascia  consists  of  a  Strong  iibrous 
membrane,  the  fibres  of  which  are  disposed  transversely,  which  stretches  across 


Tio.  632.— The  superflclal  musrlei  mi  v< 

from  one  ischio-pubic  ramus  to  the  other  and  completely  fills  in  the  pubic  arch; 
it  is  attached  in  front  to  the  subpubic  ligament,  except  just  in  the  centre,  where  a 
small  interspace  is  left  for  the  dorsal  vein  of  the  penis.  In  the  erect  position  of 
the  body  it  is  almost  horizontal.  It  is  perforated  by  the  urethra  in  the  middle 
line,  and  on  each  side  bj  the  ducts  of  Cowper's  glands.  It  is  pierced  also  by  several 
branches  of  the  internal  pudic  artery,  the  dorsal  artery  of  the  penis  near  the  apex 
of  the  ligament,  the  artery  to  the  corpus  cavernosum  more  posteriorly,  close  to  the 
lateral  margin  of  the  ligament,  and  the  artery  to  the  bulb  in  front  of  the  opening 
for  Cowper's  duct.  The  dorsal  nerve  of  the  penis  also  passes  through  the  ligament 
in  company  with  the  artery  of  the  same  name.  The  crura  penis  are  exposed,  lying 
superficial  to  this  ligament.  They  will  be  seen  to  be  attached  by  blunt-pointed 
processes  to  the  rami  of  the  oa  pubis  and  ischium,  in  front  of  the  tuberosities,  and, 
passing  forward  and  inward,  joining  to  form  the  body  of  the  penis.  In  the  middle 
line  in  the  bulb  and  corpus  spongiosum,  exposed  by  the  removal  of  the  Accelerator 
urinas  muscle. 


FASCIA.  1087 

If  the  superficial  layer  of  the  deep  perineal  faacia  is  detached  on  either  side, 
the  deep  perineal  interspace  will  be  exposed  and  the  following  parts  will  be  seen 
between  it  and  the  deep  layer  of  the  faacia :  the  subpubic  ligament  in  front,  close 
to  the  symphysis  pubis ;  the  dorsal  vein  of  the  penis ;  the  membranous  portion  of 
the  urethra  and  the  Compressor  urethrse  muscle;  Gowper's  glands  and  their 
ducts ;  the  pudic  vessels  and  the  dorsal  nerve  of  the  penis  ;  the  artery  and  nerve  of 
the  bulb  and  a  plexus  of  veins. 

The  superior  or  deep  layer  of  the  deep  perineal  fascia  is  derived  from  the  obturator 
fascia  or  is  continuous  with  it  along  the  pubic  arch.  Behind,  it  joins  with  the 
superficial  layer  of  the  deep  perineal  fascia  and  is  continuous  with  the  anal  fascia. 
Above  it  is  the  recto-vesical  fascia,  separated  from  it  on  each  side  by  the  anterior 
fibres  of  the  Levator  ani,  but  in  the  median  line  these  two  layers  of  fascia  are 
continuous  and  form  a  median  septum,  in  consequence  of  the  recto-vesical  faecia 
dipping  down  to  join  the  deep  layer  of  the  deep  perineal  fascia.     Thus  on  each 
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—Deep  periDtial  fiucia.    On  tbe  left  lide  the  anterior  layer  baa  been  removed. 

aide  of  the  middle  line,  beneath  this  fascia,  is  a  little  interspace  in  which  is 
contained  the  anterior  fibres  of  the  Levator  ani  (Levator  proatatse).  It  is  bounded, 
below,  by  the  deep  layer  of  the  deep  perineal  fascia ;  above,  by  the  recto-vesical 
fascia,  and  is  separated  internally  from  the  space  on  the  other  side  by  the  median 
septum.  The  deep  layer  of  the  deep  perineal  faacia  is  pierced  by  the  urethra,  and 
is  continued  backward  around  tbe  posterior  part  of  the  membranous  portion  of 
the  urethra  and  the  outer  surface  of  the  prostate  gland. 

The  Oompressor  urethra  has  already  been  described  (page  466).  In  addition  to 
this  muscle  and  immediately  beneath  it  cireular  muaeular  fibre*  surround  the  mem- 
branous portion  of  the  urethra  from  the  bulb  in  front  to  the  prostate  behind,  and  are 
continuous  with  the  muscular  fibres  of  the  bladder.     These  fibres  are  involuntary, 

OoTper's  glands  are  situated  immediately  below  the  membranous  portion  of 
the  urethra,  close  behind  the  bulb,  and  below  the  artery  of  the  bulb. 

The  pndic  veaaeU  and  dorsal  nerve  of  the  penis  are  placed  along  the  inner 
margin  of  the  pudic  arch  (pages  625  and  833), 

The  artery  of  the  bulb  passes  transversely  inward,  from  the  internal  pudic 
along   the   base   of  the   triangular   ligament,  between  the  two  layers  of  fascia. 
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accompaaied  by  a  branch  of  the  pudic  nerve  (page  823).  If  the  posterior  laj'er  of 
the  deep  perineal  fascia  is  removed  and  the  cms  penis  of  one  aide  detached  from 
the  bone,  the  under  or  perineal  surface  of  the  Levator  ani  is  brought  fully  into 
view.  This  muscle,  with  the  triangular  ligament  in  front  and  the  Coccygeus  and 
Pyriformis  behind,  closes  the  outlet  of  the  pelvis. 

The  Levator  ani  and  Coccygeus  muscles  havealresdybeen  described  (page  461). 

Position  of  the  Tlscera  at  the  Ontlet  of  the  Pelvis.— Divide  tbe  c«DtnU  tendinous  point 
of  the  perinseum,  separate  the  rectum  from  its  connectione  by  dividing  the  fibres  of  tjie  Levator 
ani,  which  descend  upon  the  sides  of  the  prostate  sland,  and  draw  the  gut  backward  toward  the 
coccyx,  when  the  under  surface  of  the  prostate  gland,  the  neck  and  base  of  the  bladder,  the 
vesiculee  seminales,  and  tbe  vasa  deferentia  will  be  exposed. 

The  Prostate  Gland  is  a  pale,  firm,  glandular  body  which  is  placed  immediately 
in  front  of  the  neck  of  the  bladder  around  the  commencement  of  the  urethra.    It  is 


Internal  pudic 


Fro.  fiSl.— A  view  of  tbe  poeltlon  of  the  viBcera  at  tbe  01 

placed  in  the  pelvic  cavity,  behind  and  below  the  symphysis  pubis,  posterior  to  the 
deep  perineal  fascia,  and  rests  upon  tbe  rectum,  through  which  it  may  be  distinctly 
felt,  especially  when  enlarged.  In  shape  and  size  it  resembles  a  chestnut.  Its 
base  is  directed  backward  toward  the  neck  of  the  bladder.  Its  apex  is  directed 
forward  to  the  deep  perineal  fascia,  which  it  touches. 

Its  under  surface  is  smooth,  marked  by  a  slight  longitudinal  furrow,  and  rests 
on  the  rectum,  to  which  it  is  connected  by  areolar  tissue.  Its  upper  surface  is 
flattened,  marked  by  a  slight  longitudinal  furrow,  and  placed  about  three-quarters 
of  an  inch  below  the  pubic  symphysis.  It  measures  about  an  inch  and  a  half  in 
its  transverse  diameter  at  the  base,  an  inch  in  its  antero-posterior  diameter,  and 
three-(f  uarters  of  an  inch  in  depth.  Hence  the  greatest  extent  of  incision  that  can 
be  made  in  it  without  dividing  its  substance  completely  across  is  obliquely  back- 
ward and  outward.  This  is  the  direction  in  which  the  incision  is  made  in  it  in 
the  lateral  operation  of  lithotomy. 

Behind  the  prostate  is  the  posterior  surface  of  the  neck  and  base  of  the  bladder, 
a  small  triangular  portion  of  the  bladder  being  seen,  bounded,  in  front,  by  the 
prostate  gland  ;  behind,  by  the  recto-vcsical  fold  of  the  peritoneum ;  on  each  side, 
by  the  vesicula  seminalis  and  the  vas  deferens.    It  is  separated  from  direct  contact 
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with  the  rectum  by  the  recto-vesical  fascia.  The  relation  of  this  portion  of  the 
bladder  to  the  rectum  is  of  extreme  interest  to  the  surgeon.  In  cases  of  retention 
of  urine  this  portion  of  the  organ  is  found  projecting  into  the  rectum,  between 
three  and  four  inches  from  the  margin  of  the  anus,  and  may  be  easily  perforated 
without  injury  to  any  important  parts :  this  portion  of  the  bladder  is,  consequently, 
occasionally  selected  for  the  performance  of  the  operation  of  tapping  the  bladder. 

Surgical  Anatomy. — ^The  student  should  consider  the  position  of  the  various  parts  in 
reference  to  the  lateral  operation  of  lithotomy.  This  operation  is  performed  on  the  left  side  of 
the  perinaeum,  as  it  is  most  convenient  for  the  right  hand  of  the  operator.  A  staff  having  been 
introduced  into  the  bladder,  the  first  incision'  is  commenced  midway  between  the  anus  and  the 
back  of  the  scrotum  (t.  e.  in  an  ordinary  adult  perinaeum  about  an  inch  and  a  half  in  front  of 
the  anus)  a  little  on  the  left  side  of  the  raphe,  and  carried  obliquely  backward  and  outward  to 
midway  between  the  anus  and  tuberosity  of  the  ischium.  The  incision  divides  the  integument 
and  superficial  fascia,  the  inferior  haemorrhoidal  vessels  and  nerves,  and  the  superficial  ana  trans- 
verse perineal  vessels.  If  the  forefinger  of  the  left  hand  is  thnist  upward  and  forward  into 
the  wound,  pressing  at  the  same  time  the  rectum  inward  and  backward,  the  staff  may  be  felt  in 
the  membranous  iK)rtion  of  the  urethra.  The  finger  is  fixed  upon  the  staff,  and  the  structures 
covering  it  are  divided  with  the  point  of  the  knife,  which  must  be  directed  alon^  the  groove  toward 
the  bladder,  the  edge  of  the  knife  being  turned  outward  and  backward,  dividing  in  its  course 
the  membranous  portion  of  the  urethra  and  part  of  the  left  lobe  of  the  prostate  gland  to  the 
extent  of  about  an  inch.  The  knife  is  then  withdrawn,  and  the  forefinger  of  the  left  hand 
passed  along  the  staff  into  the  bladder.  The  position  of  the  stone  haying  oeen  ascertained,  the 
staff  is  to  be  withdrawn,  and  the  forceps  is  introduced  over  the  finger  into  the  bladder.  If  the 
stone  is  very  large,  the  opposite  side  oi  the  prostate  may  be  notched  before  the  forceps  is  intro- 
duced :  the  finger  is  now  withdrawn,  and  the  blades  of  the  forceps  opened  and  made  to  grasp 
the  stone,  which  mu.st  be  extracted  by  slow  and  cautious  undulating  movements. 

Parts  Divided  in  the  Operation.  ^The  various  structures  divided  in  this  operation  are  as 
follows :  the  integument,  superficial  fascia,  inferior  haemorrhoidal  vessels  and  nerves,  and  prob- 
ably the  superficial  perineal  vessels  and  nerves,  the  posterior  fibres  of  the  Accelerator  urinae,  the 
Transversus  perinaei  muscle  and  artery,  the  deep  penneal  fascia,  the  anterior  fibres  of  the  Levator 
ani,  part  of  tne  Compressor  urethras,  the  membranous  and  prostatic  portions  of  the  urethra,  and 
part  of  the  prostate  gland. 

Parts  to  be  Avoided  in  the  Operation. — In  making  the  necessary  incisions  in  the  peri- 
naeum for  the  extraction  of  a  calculus  the  following  parts  should  be  avoided :  The  primary  incis- 
ion should  not  be  made  too  near  the  middle  line,  for  fear  of  wounding  the  bulb  of  the  corpus 
spongiosum  or  the  rectum ;  nor  too  far  extemallv,  otherwise  the  pudic  artery  may  be  implicated 
as  it  ascends  along  the  inner  border  of  the  pubic  arch.  If  the  incisions  are  carried  too  far 
forward,  the  artery  of  the  bulb  may  be  divided ;  if  carried  too  far  backward,  the  entire  breadth 
of  the  prostate  and  neck  of  the  bladder  may  be  cut  through,  which  allows  the  urine  to  become 
infiltrated  behind  the  pelvic  fascia  into  the  loose  areolar  tissue  between  the  bladder  and  rectum, 
instead  of  escaping  externally  ;  diffuse  inflammation  is  consequently  set  up,  and  peritonitis,  from 
the  close  proximity  of  the  recto-vesical  peritoneal  fold,  is  the  result  If,  on  the  contrary,  the 
prostate  is  divided  in  front  of  the  base  of  the  gland,  the  urine  makes  its  way  externally,  and 
there  is  less  danger  of  infiltration  taking  place. 

During  the  operation  it  is  of  great  importance  that  the  finger  should  be  passed  into  the 
bladder  before  the  staff  is  removed ;  if  this  is  neglected,  and  if  the  incision  made  in  the  prostate 
and  neck  of  the  bladder  is  too  smaU,  great  difficulty  may  be  experienced  in  introducing  the 
finger  afterward ;  and  in  the  child,  where  the  connections  of  the  bladder  to  the  surrounding 
parts  are  very  loose,  the  force  made  in  the  attempt  is  sufficient  to  displace  the  bladder  upward 
into  the  abdomen,  out  of  the  reach  of  the  operator.  Such  a  proceeaing  has  not  unfrequently 
occurred,  producing  the  most  embarrassing  results  and  total  failure  of  the  operation. 

It  is  necessary  to  bear  in  mind  that  the  arteries  in  the  perinaeum  occasionally  take  an  abnor- 
mal course.  Thus  the  artery  of  the  bulb,  when  it  arises,  as  soinetimes  happens,  from  the  pudic 
opposite  the  tuber  ischii,  is  liable  to  be  wounded  in  the  operation  for  litnotomy  in  its  passage 
forward  to  the  bulb.  The  accessory  pudic  may  be  divided  near  the  posterior  border  of  the  pros- 
tate gland,  if  this  is  completely  cut  across ;  and  the  prostatic  veins,  especially  in  people  advanced 
in  life,  are  of  large  size,  and  give  rise,  when  divided,  to  troublesome  naemorrhage. 

THIS   FEMALE  PERINJEUM. 

The  female  perinaum  presents  certain  differences  from  that  of  the  male,  in 
consequence  of  the  whole  of  the  structures  which  constitute  it  being  perforated 
in  the  middle  line  by  the  vulvo-vaginal  passage. 

The  superficial  fascia,  as  in  the  male,  consists  of  two  layers,  of  which  the 
superficial  one  is  continuous  with  the  superficial  fascia  over  the  rest  of  the  body, 
and  the  deep  layer,  corresponding  to  the  fascia  of  CoUes  in  the  male,  is  like  it 
attached  to  the  ischio-pubic  ramus,  and  in  front  is  continued  forward  through 
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the  labia  majora  to  the  inguinal  region.  It  is  of  less  extent  than  the  male,  in 
consequence  of  being  perforated  by  the  aperture  of  the  vulva. 

On  removing  this  fascia  the  muscles  of  the  female  perinseum,  nhicb  have 
already  been  described  (page  466),  are  exposed.  The  Sphincter  vagiufe,  corre- 
sponding to  the  Accelerator  urinie  in  the  male,  consists  of  an  attenuated  plane  of 
fibres,  forming  an  orbicular  muscle  around  the  orifice  of  the  vagina,  instead  of 
being  united  in  a  median  raphe,  as  in  the  male.  The  Erector  clitoridis  is  propor- 
tionately reduced  in  size,  but  differs  in  no  other  respect,  and  the  Transversus 
perinaei  Is  similar  to  the  muscle  of  the  same  name  in  the  male. 

The  deep  perineal  fascia  is  not  so  strongly  marked  as  in  the  male.  It 
transmits  the  urethra,  and  is  wide,  separated  in  the  median  line  by  the  aperture 
of  the  vagina. 

The  Oompressot  Urethne  ( TVrtHTOerswa  ^ennope'  'profundus)  is  the  analogue  of 
the  Compressor  uretbrse  in  the  male.  It  arises  from  the  ischio-pubic  ramus,  and, 
passing  inward,  its  anterior  fibres  blend  with  the  muscle  of  the  opposite  side,  in 
front  of  the  urethra:  its  middle  fibres,  the  most  numerous,  are  inserted  into  the 
side  of  the  vagina,  and  the  posterior  fibres  join  the  central  point  of  the  perinfeura. 

The  distribution  of  the  internal  pudic  artery  is  the  same  as  in  the  male  (see 
page  62T),  and  the  pudic  nerve  has  also  a  similar  arrangement,  the  dorsal  nerve 
being,  however,  very  small  and  supplying  the  clitoris. 

The  corpus  spongiosum  is  divided  into  tvfo  lateral  halves,  which  are  represented 
by  the  bulbi  vestibuli  and  partes  intermediales  (see  page  1049). 

The  peiineai  body  fills  up  the  interval  between  the  lower  part  of  the  vagina 
and  the   rectum.     Its  base  is  covered  by  the  skin  lying  between  the  anus  and 


irerse  section  of  Ihc  pelvic,  showing  tbe  pelvic  fluda  trom  behind. 


vagina  on  what  is  call etl  the  "periniBum."  Its  anterior  surface  lies  behind  the 
posterior  vaginal  wall,  and  its  posterior  surface  lies  in  front  of  the  anterior  rectal 
wall  and  the  anus.  It  measures  about  an  inch  and  a  q  uarter  from  before  backward, 
and  laterally  extends  from  one  tuberosity  of  the  ischium  to  the  other.  In  it  are 
situated  the  muscles  belonging  to  the  external  organs  of  generation.     Through  its 
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centre  rune  the  transverse  perineal  septum,  whicli  is  of  great  strength  in  women, 
and  forma  on  either  side,  behind  the  posterior  commissure,  a  hard,  ill-defined  body, 
consisting  of  connective  tissue,  with  much  yellow  elastic  tissue  and  interlacing 
bundles  of  involuntary  muscular  fibres,  in  which  the  voluntary  muscles  of  the 
perinseutn  are  inserted. 

PELVIO  FASOZA. 

The  Pelvic  fascia  (Fig.  635)  is  a  thin  membrane  which  lines  the  whole  of  the 
cavity  of  the  pelvis  and  is  continuous  with  the  transversalis  and  iliac  faacise.  It  is 
attached  to  the  brim  of  the  pelvis,  for  a  short  distance,  at  the  aide  of  the  cavity,  and 
to  the  inner  surface  of  the  bone  round  the  attachment  of  the  Obturator  intemus. 
At  the  posterior  border  of  this  muscle  it  is  continued  backward  as  a  very  thin 
membrane  in  front  of  the  Pyriformis  muscle  and  sacral  nerves  to  the  front  of  the 
sacrum.  In  front  it  follows  the  attachment  of  the  Obturator  internus  to  the  bone, 
arches  beneath  the  obturator  vessels,  completing  the  orifice  of  the  obturator  canal, 
and  at  the  front  of  the  pelvis  is  attached  to  the  lower  part  of  the  symphysis  pubis. 
At  the  level  of  a  line  extending  from  the  lower  part  of  the  symphysis  pubis  to  the 


FiQ.  636.— side  view  of  the  pelvic  vlacera  of  Ihe  male  subject,  showing  Ihepelvto  and  perineal  te«ci». 

spine  of  the  ischium  is  a  thickened  whitish  band  ;  this  marks  the  attachment  of 
the  Levator  ani  muscle  to  the  pelvic  fagcia,  and  corresponds  to  its  point  of  division 
into  two  layers,  the  obturator  and  recto-vesical. 

The  obturator  fascia  descends  and  covers  the  Obturator  internus  muscle.  It 
is  a  direct  continuation  of  the  pelvic  fascia  below  the  white  line  above  mentioned, 
and  is  attached  to  the  pubic  arch  and  to  the  margin  of  the  great  sacro-sciatic  liga- 
ment. From  its  attachment  to  the  rami  of  the  os  pubis  and  ischium  a  process  is 
given  off  which  is  continuous  with  a  similar  process  from  the  opposite  side,  so  as 
to  close  the  front  part  of  the  outlet  of  the  pelvis,  forming  the  posterior  layer  of 
the  triangular  ligament.  This  fascia  forms  a  canal  for  the  pudic  vessels  and 
nerve  in  tneir  passage  forward  to  the  perinreum,  and  gives  off  a  thin  membrane 
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which  covers  the  perineal  aspect  of  the  Levator  ani  muscle,  called  the  isckto-rectal 
(anal)  fascia. 

The  recto- vesical  fiEiscia  {visceral  layer  of  the  pelvic  fascia)  descends  into  the 
pelvis  upon  the  upper  surface  of  the  Levator  ani  muscle,  and  invests  the  prostate, 
bladder,  and  rectum.  From  the  inner  surface  of  the  symphysis  pubis  a  short 
rounded  band  is  continued  to  the  upper  surface  of  the  prostate  and  neck  of  the 
bladder,  forming  the  pubo-prostatic  or  anterior  true  ligaments  of  the  bladder.  At 
the  side  this  fascia  is  connected  to  the  side  of  the  prostate,  enclosing  this  gland 
and  the  vesico-prostatic  plexus  of  veins,  and  is  continued  upward  on  the  side  of 
the  bladder,  forming  the  lateral  true  ligaments  of  the  organ.  Another  prolonga- 
tion invests  the  vesiculae  seminales,  and  passes  across  between  the  bladder  and 
rectum,  being  continuous  with  the  same  fascia  of  the  opposite  side.  Another  thin 
prolongation  is  reflected  round  the  surface  of  the  lower  end  of  the  rectum.  The 
Levator  ani  muscle  arises  from  the  point  of  division  of  the  pelvic  fascia,  the  vis- 
ceral layer  of  the  fascia  descending  upon  and  being  intimately  adherent  to  the 
upper  surface  of  the  muscle,  while  the  under  surface  of  the  muscle  is  covered  by  a 
thin  layer  derived  from  the  obturator  fascia,  called  the  ischio-rectal  or  anal  fascia. 
In  the  female  the  vagina  perforates  the  recto-vesical  fascia,  and  receives  a  pro- 
longation from  it. 
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boundaries  of,  914 
lymphatics  of,  691 
muscles  of,  449 
regions  of,  914 
viscera  of,  918 
Abdominal  aorta,  610 
branches  of,  611 
surgical  anatomy  of,  611 
surface-marking  of,  611 
muscles,  449 
ring,  external,  451 

internal,  1068 
viscera,  position  of,  914,  916 
Abdomino-tboracic  arch,  289 
Abducent  nerve,  772 

surgical  anatomy  of,  773 
Abductor  indicis  muscle,  498 
minimi  digiti   muscle,   hand, 
496 
foot,  533 
pollids  muscle,  474 
tiallucis,  532 
Aberrant  duct  of  testis,  1023 
Absorbent  glands,  681 
Absorbents,  681 
Accelerator  urine  muscle,  465 
Accessorii  orbicularis  oris,  404 
AccesBorius  ad  ilio-costalem  mus- 
cle, 438 
pedis,  534 
Accessory  ligament  of  shoulder, 
348 
obturator  nerve,  816 
olivary  nuclei,  714 
descending  palatine  canals,  199 
processes,  154 
pndic  artery,  625 
Acervulus  cerebri,  741 
Acetabulum,  280 
Acromatin,  39 

Acromial  end  of  clavicle,  frac- 
ture of,  502 
region,  muscles  of,  473 
thoracic  artery,  594 
Acromio-clavicular  joint,  344 
surface  form  of,  346 
surgical  anatomy  of,  346 
Acromion  process,  246 

fracture  of,  502 
Actions   of   muscles.    See  each 

group  of  muscles. 
Adductor  brevis  muscle,  514 
longus  muscle,  514 
ma^us  muscle,  515 
obhquus  pollicis,  495 

hallucis,  535 
transversus  pollicis,  495 

hallucis,  535  , 

tubercle,  289 


Adenoid  connective  tissue,  48 
Adipose  tissue,  49 
Afferent  nerves,  75 

vessels  of  kidney,  1018 
Air-cells,  1003 
Alse  of  vomer,  203 
Alar  ligaments,  328 
of  knee,  374 
thoracic  arterv,  594 
Alcock,  canal  of,  1084 
Alimentary  canal,  892 
development  of,  133 
subdivisions  of,  892 
Allantoic  vessels,  113 

vesicle,  113 
Allantois,  113,  1024 
Alveolar  artery,  664 

process,  195,  205 
Alveoli  of  lower  jaw,  205 
of  upper  jaw,  195 

formation  of,  902 
of  stomach,  928 
Amnion,  HI 
Amniotic  cavity,  112 
Amphiarthrosis,  317 
AmpuUie  of  semicircular  canals, 
884 
of  tnbuli  lactiferi,  1061 
Amygdalae,  904 

of  cerebellum,  749 
Anal  fasciii,  1092 
Anastomosis  of  arteries,  541 
Anastomotica  magna  of  brachial, 
598 
of  femoral,  639 
Anatomical    neck    of  humerus, 
249 
fracture  of,  255 
Anconeus  muscle,  488 
Andersch,  ganglion  of,  779 
Aneurisms  of  abdominal   aorta, 
611 
of  arch  of  aorta,  546 
of  thoracic  aorta,  608 
Angle  of  jaw,  208 
of  pubes,  280 
of  rib,  235 
sacro-vertebral,  157 
Angular  artery,  558 
convolution,  720 
movement,  20 
process,  external,  173 

internal,  173 
vein,  653 
Ankle-joint,  379 
relations  of  tendons  and  ves- 
sels to,  381 
surface  form  of,  381 
surgical  anatomy  of,  381 
Annectant  gyrus,  721,  724 
Annular  ligument  of  radius  and 
ulna,  355 


Annular  ligament  of  wrist,  ante- 
rior, 491 
posterior,  492 
of  ankle,  anterior,  530 
external,  531 
internal,  530 
of  stapes,  881. 
Annulus  ovalis,  973 
Anterior  annular  ligament,  wrist, 
491 
ankle,  530 
chamber  of  eve,  865 
crural  nerve,  817 

surgical  anatomy  of,  827 
dental  canal,  192 
ethmoidal  cells,  188 
fontanelle,  190 
fossa  of  skull,  212 
and  internal  frontal  artery,  574 
nasal  spine,  196 
palatine  canal,  196 

fossa,  196,  215 
radicular  zone,  701 
region  of  skull,  219 
triangle  of  neck,  565 
Antero-lateral  ganglionic  artery, 

574 
Antero-median  ganglionic  artery, 

573 
AntiheUx,  874 
fossa  of,  874 
Antitragicus  muscle,  876 
Antitragus,  874 
Antrum  of  Highmore,  192 
Anus,  1083 
development  of,  134 
muscles  of,  460,  461 
Aorta,  543 
abdominal,  611 
branches  of,  611 
development  of,  129 
surgical   anatomy  of  arch  of, 

545 
arch  of,  543 
branches  of,  547 
peculiarities  of,  545 

of  branches  of,  547 
sinuses  of,  544 
surgical  anatomy  of,  545 
descending,  607 
thoracic,  607 
branches  of,  608 
sinuses  of,  544 
surgical  anatomy  of,  608 
Aortic   opening  of   diaphragm, 
448 
of  heart,  976 
plexus,  840 
semilunar  valves,  977 
sinuses,  977 
Apertura  scalse  vestibuli  cochlesp, 
884 

1093 


1094 


INDEX. 


Aponeurosis,  391 

of  deltoid,  473 

of  external  oblique  in  inguinal 
region,  450 

of  occipito-fron talis,  395 

suprahyoid,  415 

of  soft  palate,  904 
Apophysis,  146 

Apparatus  ligamentosus  colli,  328 
Appendages  of  eye,  869 

surgical  anatomy  of,  873 

of  skin,  92 

of  uterus,  1056 
Appendices  epiploicee,  925 
Appendix  of  right  auricle,  972 

of  left  auricle,  975 

vermiformis,  939 
Aqua  labyrinth!,  888 
Aquflpductus  cochleie,  180,  885 

vestibuli,  179,  883 

Fallopii,  179,  879 

Sylvii,  740 
Aqueous  humor,  865 
Arachnoid  of  brain,  706 

of  cord,  696 
Arantii  corpora,  975 
Arantius,  ventricle  of,  710 
Arbor  vitse  uterina,  1053 

of  cerebellum,  757 
Arch  of  aorta,  543 

peculiarities  of,  545 
branches  of,  547 
surgical  anatomy,  545 

of  OS  pubes,  283 

of  a  vertebra,  146 

supraorbital,  173 

crural  or  femoral,  1077 

palmar  superficial,  656 

deep,  600 

plantar,  649 

zygomatic,  218 
Arches,  pharyngeal,  118 

aortic,  foetal,  129 
Arciform  or  arcuate  fibres  of  me- 
dulla oblongata,  712 
Arcuate  fibres  of  cerebrum,  743 

of  cerebellum,  751 
Area,  germinal,  103 
Areas  of  Cohnheim,  66 
Areola  of  breast,  1060 
Areolae  of  bone,  primary,  60 

secondary,  61 
Areolar  tissue,  47 
Arm,  back  of,  muscles  of,  479 

front  of,  muscles  of,  477 

arteries  of,  578 

bones  of,  249 

fascia  of,  477 

lymphatic  glands  of,  686 

lymphatics  of^  686 

superficial  fascia  of,  472 

nerves  of,  801 

veins  of,  664 
Arnold's  nerve,  783 
canal  for,  180 

ganglion,  770 
Arrectores  pili,  94 
Arteria  magna,  543 

centralis  retlnse,  572 
Arterite  proprise  renales,  1017 

receptaculi,  570 
Arteries,  development  of,  129 

general  anatomy  of,  80 

anastomoses  of,  541 

capillary,  82 


Arteries,  development  of,  129 
distribution  of,  541 
mode  of  division,  541 
mode  of  origin  of  branches, 

541 
nerves  of,  82 
sheath  of,  82 
structure  of^  80 
subdivision  of,  541 
systemic,  541 
vessels  of,  82 
Arteries  or  artery,  accessory  pu- 
dic,  625 
acromial  thoracic,  594 
alar  thoracic,  594 
alveolar,  564 

anastomotica    magna    of  bra- 
chial, 599 
of  femoral,  639 
angular,  558 

anterior  and  internal  frontal, 
672 

cerebral,  572 

choroid,  567 

ciliary,  572 

communicating,  574 

inferior  cerebellar,  585 

intercostal,  589 

spinal,  585 
antero-lateral  ganglionic,  574 
antero-median  ganglionic^  573 
aorta,  543 

abdominal,  610 

arch  of,  543 

ascending  part,  543 

descending  part,  607 

thoracic,  607 
articular,  knee,  641 
ascending  cervical,  586 

pharyngeal,  560 
auditory,  585,  889 
auricular  anterior,  561 

posterior,  559 
axillary,  591 
azygos  of  knee,  643 
basilar,  585 
brachial,  595 
broncliial,  607,  1004 
buccal,  564 

of  bulb,  627 
calcanean,  external,  649 

internal,  649 
carotid,  common,  549 

external,  553 

internal,  567 
carpal  ulnar,  605 

radial,  601 

of  cavernous  body,  627 
centralis  retinie,  570 
cerebellar,  585 
cerebral,  572,  575,  585 

ascending  cervical,  586 

superficial,  587 

pnnceps,  559 

profunda,  589 
choroid  anterior,  575 

posterior,  586 
ciliary,  572 

circle  of  Willis,  575,  586 
circumflex,  of  arm,  595 

of  thigh,  038 

iliac,  deep,  602 

superficial,  637 
cochlear,  889 
coccygeal,  628 


Arteries  or  artery,  colica  deztia, 
616 

media,  616 

sinistra,  616 
ooeliac  axis,  612 
comes  nervi  ischiadici,  628 

phrenici,  588 
common  carotid,  549 

iliac,  620 
communicating,  anterior  cere- 
bri, 574 

posterior  cerebri,  575 
communicating  branch  of  ul- 
nar, 606 
coronary,  of  hearty  544 

of  lip,  568 
cremasteric,  631 
crico-thyroid,  554 
cystic,  613 
deep  branch  of  ulnar,  607 

cervical,  589 

palmar  arch,  599 

temporal,  563 
deferent,  624 
dental  inferior,  563 

anterior,  564 
descending  aorta,  607 

palatine,  564 
digital  plantar,  650 

of  ulnar,  606 
dorsal,  of  penis,  626 

of  scapula,  594 
dorsalis  hallucis,  646 

indicis,  602 

linguse,  555 

peais,  645 

poUicis,  602 
epigastric,  deep,  631 

superior,  589 

superficial,  637 
ethmoidal,  571 
external  carotid,  553 

plantar,  649 

fliac,  630 
facial,  556 
femoral,  632 

deep,  637 
frontal,  572 
gastric,  613,  614 
gastro-duodenalb,  613 
gastro-epiploica  dextra,  613 

sinistra,  614 
gluteal,  629 

inferior,  628 
helicine,  1036 
hemorrhoidal  inferior,  627 

middle,  624 

superior,  617 
hepatic,  613 
hyoid  branch  of  lingual,  555 

of  superior  thyroid,  554 
hypogastric  in  foetus,  623,  981 
ileo-colic,  616 
iliac,  common,  620 

external,  630 

internal,  622 
ilio-lumbar,  628 
inferior  cerebellar,  585 

dental,  563 

labial,  558 

laryngeal,  586 

mesenteric,  616 

profunda,  598 

pyloric,  613 

thyroid,  586 
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Arteries  or  artery,  infraorbital, 
564 
innominate,  547 
intercostal,  608 

anterior,  588 

superior,  589 
internal  auditozy,  889 

carotid,  568 

iliac,  622 

mammary,  588 

maxillary,  561 

plantar,  649 
interosseous  ulnar,  604 

of  foot,  646 

of  hand,  604 
intestini  tenuis,  616 
labial  inferior,  558 
lachrymal,  570 
laryngeal  superior,  554 

inferior,  586 
lateral  sacral,  629 

spinal,  584 
lateralis  nasi,  558 
lingual,  555 
long  ciliary,  572 

thoracic,  594 
lumbar,  619 
malleolar,  645 
mammary,  internal,  588 
masseteric,  564 
maxillary,  internal,  561 
median,  of  forearm,  604 

of  spinal  cord,  585 
mediastinal,  588 

posterior,  608 
meningeal  anterior,  570 

middle,  562 

small,  563 

from  occipital,  559 
from  pharyngeal,  560 
from  vertebral,  583 
mesenteric  inferior,  616 

superior,  615 
metacarpal,  602 
metatarsal,  646 
middle  cerebral,  574 

sacral,  619 
musculo-phrenic,  588 
mylo-hyoid,  563 
nasal,  of  ophthalmic,  572 

of  septum,  558 
inferior,  558 
superior,  564 
nutrient,  of  humerus,  598 

femur,  639 

fibula,  648 

Vadius  and  ulnar,  604 

tibia,  648 
obturator,  624 
occipital,  558 
oesophageal,  608 
ophthalmic,  570 
orbital,  564 
ovarian,  618 
palatine,  ascending,  557 

descending,  564 

of  pharyngeal,  560 

palmar  arch,  superficial,  606 
deep,  606 
palmar  interossei,  603 
palpebral,  572 
pancreatic,  614 
pancreatico-duodenalis,  613 

inferior,  615 
perforating,  of  hand,  603 


Arteries  or  artery,  perforating, ' 
of  thigh,  638  i 

of  foot,  650  I 

of  intercostal,  588 
plantar,  649 
pericardiac,  588,  608 
perineal,  superficial,  627 

transverse,  627 
peroneal,  648 

anterior,  648 
pharyngea  ascendens  560 
phrenic,  618 
popliteal,  639 
posterior  auricular,  559 

cerebral,  585 

communicating,  575 

meningeal,   from   vertebral, 
584 
princeps  cervicis,  559 

polhcis,  602 
profunda  of  arm,  inferior,  598 

superior,  598 

cervicis,  589 

femoris,  637 
pterygoid,  564 
pter^go-palatine,  564 
pudic,  deep  external,  637 

superficial  external,  638 
internal,  625 
pulmonary,  542,  1003 
pyloric  inferior,  613 

of  hepatic,  613 
radial,  599 
radialis  indicis,  603 
ranine,  555 
recurrent  interosseous,  605 

radial,  601 

ulnar,  anterior,  604 
posterior,  604 

tibial,  644 

nterior,  644 
18 
sacral  lateral,  629 

middle,  619 
scapular,  posterior,  587 
sciatic,  628 
short  ciliary,  572 
sigmoid,  617 
spermatic,  618,  1039 
spheno-palatine,  564 
spinal,  anterior,  584 

lateral,  584 

posterior,  584 
spinal,  median,  584 
splenic,  613 
sterno-mastoid,  559 
stylo-mastoid,  559 
subclavian,  578 
sublingual,  555 
submaxillary,  557 
submental,  557 
subscapular,  594 
superficial  cervical,  587 

circumflex  iliac,  632 

perineal,  627 

palmar  arch,  606 
superficial  is  volte,  601 
superior  cerebellar,  585 

epigastric,  589 

hsemorrhoidal,  617 

intercostal,  589 

laryngeal,  554 

mesenteric,  615 

profunda,  598 

thoracic,  594 


Arteries  or  artery,  superior  thy- 
roid, 564 
supraorbital,  571 
suprarenal,  617 
suprascapular,  587 
sural,  641 
tarsal,  646 
temporal,  560 

anterior,  560 

deep,  563 

middle,  561 

posterior,  560 
thoracic,  acromial,  594 

alar,  594 

aorta,  607 

long,  594 

superior,  594 
thyroid  axis,  586 

inferior,  586 

superior,  554 
thyroidea  ima,  547,  1008 
tibial  anterior,  643 

posterior,  646 

recurrent,  644 
tonsillar,  557 

transverse  facial,  561 
transversalis  colli,  587 
tympanic,  from  internal  caro- 
tid, 571 

from  internal  maxillary,  562 
ulnar,  603 

recurrent  anterior,  604 

posterior,  604 

umbilical  in  foetus,  623,  983 

uterine,  624 
vnginal,  624 
vasa  aberrantia  of  arm,  597 

brevia,  614 

intestini  tenuis,  616 
vertebral,  583 
vesical  inferior,  624 

middle,  624 

superior,  624 
vestibular,  889 
Vidian,  564 
Arteriolee  rectse,  1018 
Arthrodia,  318 

Articular  arteries   (knee),  from 
popliteal,  643 
cartilage,  145 
end-bulbs,  76 
lamella  of  bone,  315 
processes  of  vertebree,  148 
Articulations  in  general,  315 
different  kinds  of,  316 
acromio-clavicular,  344 
ankle,  379 
astragalo-calcanean,  383 

navicular,  384 
atlanto-axial,  3^5 
calcaneo-astragaloid,  383 
calcaneo-cuboid,  383 

navicular,  384 
carpo-metacarpal,  361 
carpal,  359 
classification  of,  316 
coccygeal,  341 
chondro-sternal,  336 
costo-transverse,  333 
coeito- vertebral,  332 
of  cuboid  with  external  cunei- 
form, 386 
of  cuneiform  with  each  other, 

385 
elbow,  351 
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ArticulatioDB,  femoro-tibial,  370 

hip,  364 

immovable,  316 

knee,  370 

metacarpal,  359 

metacarpo-phalangeal,  363 

metatarso-phalangeal,  388 

metatarsal,  387 

mixed,  317 

movable,  317 

movements  of,  318 

navicalo-cuboid,  385 

navicalo-caneiform,  385 

occipito-atlantal,  327 

oocipito-axial,  328 

pelviH,  338 
with  spine,  338 

phalanges,  364 

pubic,  341 

radio-carpal,  358 

radio-ulnar,  inferior,  357 
middle,  356 
superior,  355 

sacro-coccygeal,  341 

sacro-iliac,  339 

sacro-sciatic,  340 

sacro-vertebral,  338 

scapulo-clavicular,  345 

scapulo-humeral,  347 

shoulder,  347 

stemo-clavicular,  343 
of  sternum,  33i8 

tarso-metatarsal,  386 

tarsal,  382 

temporo-maxillary,  329 

tibio-fibular,  inferior,  378 
middle,  378 
superior,  378 
of  tympanic  bones,  880 

vertebral  column,  321 

wrist,  358 
Aryt«eno-epiglottideu8,  superior, 
991 

inferior,  991 
Arvtseno-epiglottidean  folds,  991 
Ar>'tenoid  cartilages,  986 

glands,  992 

muscle,  990 
Arytenoideus  rectus,  990 
Ascending  colon,  941 

frontal  artery,  574 

oblique   muscle  of    abdomen, 
453 

palatine  artery,  558 

parietal  artery,  574 

pharyngeal  artery,  560 

surgical  anatomy  of,  561 
Association  fibres  of  hemispheres 

of  brain,  743 
Astragalus,  305 

development  of,  310 
Atlanto-axial  articulation,  325 
A  tl  an  to-odontoid  joint,  325 
Atlas,  148 

development  of,  155 
Atrabiliary  capsules,  1021 
Attollens  aurem  muscle,  396 
Attraliens  aurem  muscle,  395 
Auditory  arterv,  889 

canal,  876 

meatus,  external,  179 
internal,  179 

nerve,  778,  890 
surgical  anatomy  of,  778 

process,  179 


Auditory  stris,  753 

tubercle,  754 

veins,  889 

vesicle,  124 
Auerbach's  plexus,  939 
Auricle  of  ear,  874 

cartilage  of,  874 

ligaments  of,  875 

of  heart,  left,  975 

appendix  of,  975 

sinus  of,  975 

right,  972 
opening  in,  972 
valves  in,  973 

sinus  of,  972 

septum  of,  973,  976 
Auricular  artery,  posterior,  559 
anterior,  561 

fissure,  180,  216 

lymphatic  glands,  683 

nerve  of  vagus,  783 

posterior  from  facial,  775 

surface  of  sacrum,  159 

veins,  anterior,  654 
posterior,  655 
Auricularis  anterior  muscle,  395 

posterior,  396 

superior,  396 

magnus  nerve,  793 
Auriculo-temporal  nerve,  768 
Auriculo- ventricular   groove  of 
heart,  971 

opening,  left,  976 
right.  973 
Axes  of  the  pelvis,  284 
Axilla,  589 

dissection  of,  468 

surgical  anatomy  of,  591 
Axillary  artery,  591 

branches  of,  594 
surface-marking  of,  593 

peculiarities,  592 

surgical  anatomv  of,  593 

lymphatic  glands,  686 

space,  589 

vein,  666 
surgical  anatomy  of,  667 
Axis,  or  second  vertebra,  149 

development  of,  156 

cerebro-spinal,  695 

coeliac,  612 

thyroid,  586 
Axis-cylinder  of  nerve-tubes,  71  * 
Azygos  artery,  articular,  643 

veins,  669 

uvulae  muscle,  424 

B. 

Bacillarv  laver  of  retina,  863 
Back  muscles  of,  first  layer,  430 

second  layer,  433 

third  layer,  434 

fourth  layer,  436 

fifth  layer,  439 
Ball-and-socket  joint    See  jE^nor- 

Ihrodia, 
Bartholine,  duct  of,  907 

glands  of,  1049 
Base  of  brain,  727 
of  skull,  210 

external  surface,  213 

internal  surface,  210 
Basement  membranes,  49 
Basi-hyal  of  hyoid  bone,  229 


Basilar  artery,  585 

membrane  of  cochlea,  886 

process,  167 

suture,  209 
Basilic  vein,  665 

median,  665 
Basis  vertebrarum  venae,  670 
Bauhin,  valve  of,  940 
Beak  of  corpus  callosum,  732 
Beaanis  et  Bouchard,  Table  of 
Development  of  Fcetiu 
from,  143 
Bend  of  elbow,  595 
Biceps  flexor  cniris,  520 

cubiti,  478 
Bicipital  fascia,  478 

groove,  249 

tuberosity,  261 

ridges,  249 
Bicuspid  teeth,  895 
Biliary  ducts,  955,  956 

structure  of,  957 
Biventer  oervicis  muscle,  439 
Bladder,  1023 

female,  1049 

ligaments  of^  1026 

trigone  of,  1028 

suriace  form  of,  1028 

surgical  anatomy  of,  1029 

vessels  and  nerves  of,  1028 
Blastodermic  membrane,  104 
Blood,  general  composition  of,  33 

circulation  of,  in  adult,  971 
in  foetus,  981 

gases  of,  37 
Blood-corpuscles,  34 
Blood-crystals,  37 
Blood-globules,  34 
Blood-plaques,  36 
Blood-vessels  of  brain,  575 
Bochdaiek,  ganglion  of,  765,  767 

on    musculus    triticeo-glossns, 
991,  note. 
Body  of  a  tooth,  894 

of  a  vertebra,  147 
Bone,  general  anatomy  of,  54 

animal  constituent  o^  58 

apophysis  of,  146 

articular  lamella  of,  315 

canaliculi  of,  56 

cancellous  tissue  of^  54 

cells,  58 

chemical  analysis  of,  58 

compact  tissue  of,  54 

diploe  of,  146 

development  of,  59 

earthy  constituent  of,  59 

eminences  and  depressiouR  of, 
146 

epiphysis  of,  146 

frowth  of,  63 
[aversian  canals  of,  56 
systems  of,  56 
inorganic  constituent  of,  59 
lacunfe  of,  58 
lamellae  of,  57 
lymphatics  of,  56 
marrow  of,  55 
medullary  canal  of,  54, 145 
membrane  of,  54 
microscopic  appearances,  55 
nerves  of,  55 
organic  constituent  of,  59 
ossification  of,  60 
ossific  centres,  number  of,  64 
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Bone,  periosteum  of,  54 

spongy  tissue  of,  145 

vessels  of,  55 
Bones,  forms  of — yiz.  long,  shorty 
flat,    mixed,   irregular, 
145 

number  of,  in  the  bod^,  145 
Bunes  or  bone,  descriptive  anat- 
omy of,  145 

astragalus,  305 

atlas,  148 

axis,  149 

calcaneum,  302 

carpal,  264 

clavicle,  240 

coccyx,  161 

cranial,  167 

cuboid,  305 

cuneiform,  of  carpus,  266 
of  tarsus^  307 

ear,  878 

ethmoid,  187 

facial,  190 

femur,  286 

fibula,  299 

frontal,  172 

hand,  264 

humerus,  249 

hyoid,  229 

ilium,  274 

incus,  881 

inferior  maxillary,  203 
turbinated,  202 

innominate,  274 

ischium,  277 

lachrymal,  197 

lesser  lachrymal,  197 

lingual,  229      . 

magnum,  268 

malar,  198 

malleus,  880 

maxillary,  inferior,  203 
superior,  191 

metacarpal,  269 

metatarsal,  308 

nasal,  191 

navicular,  306 

occipital,  166 

orbicular,  882 

palate,  199 

parietal,  170 

patella,  293 

pelvic,  281 

phalanges  of  foot,  310 
of  hand,  272 

pisiform,  266 

pubic,  279 

radius,  261 

ribs,  234 

sacrum,  167 

{scaphoid,  264 

scapula,  244 

semilunar,  268 

sesamoid,  314 

sphenoid,  182 

sphenoidal,  spongy,  186 

stapes,  881 

sternum,  230 

superior  maxillary,  191 

tarsal,  301 

temporal,  175 

tibia,  295 

trapezium,  268 

trapezoid,  268 

triquetral,  190 


Bones  or  bone,  turbinate,  infe- 
rior, 202 
middle,  188 
superior,  189 
tympanic,  181 
ulna,  256 
unciform,  269 
vertebra  prominens,  151 
vertebrae,  cervical,  147 
dorsal,  151 
lumbar,  153 
vomer,  203 
Wormian,  190 
Bowman,  glands  of,  851 

sarcous  elements  of,  67 
Bowman's  capsule,  1013 
Brachia  of  optic  lobes,  739 
Brachial  artery,  595 
branches  of,  598 
peculiarities  of,  596 
surface  marking  of,  597 
surgical  anatomy  of,  597 
lymphatic  glands,  686 
plexus,  796 

surgical  anatomy  of,  807 
region,  posterior,   muscles  of, 
487 
anterior,  481,  483 
veins,  666 
Brachialis  anticus  muscle,  479 
Brachio-cephalic     artery.      See 

InwmvMU. 
Brain,  704 
base  of,  727 
convolutions  of,  717 
development  of,  120 
dura  mater  of,  704 
general  anatomy  of,  73 
interior  of,  730 
lobes  of,  727 

membranes  and  dissection,  704 
subdivision  into  parts,  707 
upper  surface  of,  717 
weight  of,  717 
Branchial  arches,  119 
Breasts,  1060 
Bregma,  210 
Brim  of  pelvis,  283 
Broad  ligaments  of  uterus,  1052 

formation  of,  920 
Bronchi,  right  and  left,  993 
septum  of,  994 
in  lung,  1003 
Bronchial  arteries,  608, 1004 
lymphatic  glands,  694 
septum,  994 
tubes.    See  BroTicki, 
veins,  670,  1004 
Brnnner*s  glands,  936 
Bubonocele,  1071 
Buccal  arteries,  564 
cavity,  892 

development  of,  134 
glands.  893 
lympliatic  glands,  683 
nerve  of  facial,  777 

of  inferior  maxillary,  768 
veins,  655 
Buccinator  muscle,  404 
Bulb,  artery  of,  627 

of  corpus  cavernosum,  1035 
of  corpus  spongiosum,  1036 
olfactory,  728,  755 
Bulbi  vestibuli,  1049 
Bui  bo-cavernous  muscle,  465 


Bulbous  portion  of  the  urethra, 

1031 
Bulbs  of  the  fornix,  729 
Burdach's  column,  702 
Bursee  muoosse,  316 

of  knee,  374 

of  shoulder,  348 
Bursal  synovial  membranes,  316 

C. 

Csecum,  939 

Calamus  scrlptorius,  753 

Calcanean  arteries,  internal,  649 

external,  649 
Calcaneo-astragaloid    ligaments, 

383 
Calcaneo-cuboid  ligaments,  383 
Calcaneo-navicular       ligaments, 

384 
Calcaneum,  301 
Calcar  femorale,  291 

avis,  732 
Calcarine  fissure,  722 
Calioes  of  kidney,  1012 
Calloso-marginal  fissure,  722 
Camper's  ligament    See  Trian- 
gular ligament  of  Urethra, 
Canals  or  canal,  accessory  pala- 
tine, 199 

alimentary,  892 

anterior  dental,  193 
palatine,  196 
for  Arnold's  nerve,  180 

auditory,  876 

carotid,  179,  180 

central,  of  modiolus,  885 
for  chorda  tympani,  202, 878 
of  cochlea,  885 

crural,  1079 

dental  posterior,  192 

ethmoidal,  174 

Haversian,  of  bone,  56 

of  Huguier,  177 

incisive,  215 

inferior  dental,  205 

infraorbital,  192 

inguinal,  1067 

for      Jacobson's      (tympanic) 
nerve,  180 

lachrymal,  872 

naso-palatine,  196 

of  Nuck,  1046,  1059 

of  Petit,  867 

palatine,  anterior,  196 
posterior,  194 

pterygo- palatine,  184 

sacral,  159 

of  Schlemm,  855 

spermatic,  1067 

of  spinal  cord,  121 

spiral,  of  cochlea,  885 

of  Stilling,  865 

of  modiolus,  885    • 

semicircular,  884,  886 

for  tensor  tympani,  181,  857 

temporo-malar,  199 

vertebral,  164 

Vidian,  185 

of  Wirsung,  898 
Canaliculi  of  bone,  58 
Canalis  centralis  modioli,  885 

reunlens,  888 

spiralis  modioli,  886 
Cancellous  tissue  of  bone,  54 
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Canine  eminence,  192 
fossa,  192 
teeth,  894 
Canthi  of  evelids,  869 
Capillaries,  82 

structure  of,  83 
Capitellum  of  humerus,  253 
Capsular  ligament  of  hip,  364 
of  knee,  371 
of  shoulder,  348 
of  thumb,  361 
of  vertebrae,  323 
Capsule,  external,  of  brain,  734 
internal,  of  brain,  734 
in  f(x^tus,  124 
of  Glisson,  952 
of  kidney,  1012 
of  lens,  866 
of  Tenon,  852 
Cai)snles,  suprarenal,  1021 
Caput  cornu  posterioris,  702 

gallinaginis,  1030 
Cardiac  lymphatics,  694 
nerves,  833 

from  pneumogastric,  784 
plexus  of  nerves,  deep,  836 

superficial,  836 
veins,  679 
Cardinal  veins,  foetal,  131 
Carotid  artery,  common,  549 

branches  of  (occasional), 

551 
peculiarities  of,  551 
surface  marking  of,  551 
surgical  anatomy  of,  551 
external,  553 
branches  of,  554 
surface  marking  of,  553 
surgical  anatomy  of,  553 
internal,  567 
branches  of,  570 
peculiarities  of,  569 
surgical  anatomy  of,  570 
tubercle,  148 
branch  of  Vidian,  766 
cannl,  180 
ganglion,  831 
groove,  183 
plexus,  831 
triangle,  inferior,  565 
superior,  566 
Carpal  arteries,  from  radial,  601 
from  ulnar,  604,  605 
ligaments,  359 
Carpo-metacarpal    articulations, 

361 
Carpus,  264 

development  of,  273 
articulations  of,  359 
surface  form  of,  272 
surgical  anatomy  of,  273 
Cartilage,  general  anatomy  of,  51 
articular,  52 
cellular,  51 
costal,  52 
fibrous,  53 
hyaline,  51 
intercellular  substance  of, 

51 
reticular,  53 
temporary,  54,  60 
descriptive  anatomy  of, 
51 
arytenoid,  VK^6 
of  auricle,  874 


Cartilage  of  bronchi,  994 

costal,  52,  238 

cricoid,  985 

cuneiform,  986 

of  ear,  874,  876,  880 

ensiform,  230 

of  epiglottis,  986 

fibro-,  52 

hyaline,  51 

of  larynx,  984 

of  the  nose,  848 

of  the  pinna,  874 

reticular,  53 

of  Santorini,  986 

semilunar  of  knee,  372 

of  septum  of /lose,  848 

tarsaJ,  870 

temporary,  54 

thyroid,  984 

of  trachea,  994 

white  fibro-,  62 

of  Wrisbeig:,  986 

yellow  elastic,  63 

xiphoid,  230 
Cartilage-cells,  51 
Cartilage-lacunsp,  51 
Cartilagines  minores,  848 
Cartilago  triticea,  987 
Caruncnla  lachrymalis,  871 
Carunculte  myrtiformes,  1049 
Cauda  equina,  819 
Cava,  inferior,  675 
peculiarities,  675 

superior,  669 
Cavernous  body,  artery  of,  627 

groove,  183 

nerves  of  penis,  840 

plexus,  831 

sinus,  661 
nerves  in,  772 

surgical  anatomv  of,  661 
Cavity,  cotvloid,  280 

glenoid,  *247 

of  the  great  omentum,  920 

of  pelvis,  283 

sigmoid,  257 
Cells,  38 

of  bone,  58 

definition  of,  38 

division  of,  direct,  41 
indirect,  40 

ethmoidal,  188 

mastoid,  178 

prickle.  43 

reproduction  of,  40 

structure  of,  38 

wall,  41 
Cellular  tissue,  lymphoid,  48 
mucoid,  48 
retiforra,  48 
Cement  of  teeth,  901 

formation  of,  900 
Central  canal  of  cord,  699 

ganglionic  vessels  of  brain,  676 

lobe  of  cerebrum,  721 
Centres  of  ossification,  63 
Centrifugal  nerve-fibres,  75 
Centripetal  nerve-fibres,  75 
Centrum  ovale  majus,  731 

minus,  730 
Cephalic  vein,  665 

median,  665 
Cerato-hyal  of  hyoid  bone,  229 
Cerebellar  arteries,  anterior,  685 
inferior,  585 


Cerebellar  arteries,  superior,  5SS 
column,  701 
veins,  659 
Cerebelli  incisura,  anterior,  748 

posterior,  748 
Cerebellum,  747 
corpus  dentatum  of,  749,  762 
hemispheres  of,  748 
laminie  of,  751 
lobes  of,  748 
median  lobe  of,  748 
peduncles  of,  750 
structure  of,  749 
under  surface  of,  748 
upper  surface  of,  748 
the  valley  of,  748 
ventricle  of,  752 
weight  of,  748 
Cerebral  arteries,  672 

anterior,  572 

middle,  574 

posterior,  586 
convolutions,  717 
lymphatics,  684 
topography,  229 
veins,  6-^8 

ventricles,  732,  737,  739,  752 
C^rebro-epinal  axis,  695 
fluid,  706 
nerves,  69 
system,  69 
Cerebrum,  707,  716 
base  of,  727 

commissural  fibres  of,  743 
commissures  of,  743 
convolutions  of,  717 
crura  of,  730 
fibres  of,  743- 
fissures  of,  717 
general    arrangement    of   its 

parts,  730 
gray  matter  of,  73,  744 
hemispheres  of,  716 
interior  of,  730 
labia  of,  731 
lobes  of,  727 
peduncles  of,  729 
structure  of,  742 
sulci,  717 
under  surface,  727 
upper  surface,  717 
ventricles  of,  733,  739,  752 
CeruminouB  glands,  878 
Cervical  artery,  ascending,  586 

superficial,  587 
princeps,  569 
profunda,  689 
fascia,  409 
ganglion,  inferior,  834 

middle,  834 

superior,  831 
lymphatic  glands,  deep,  686 

superficial,  686 
nerves,  790 

anterior  divisions  of,  792 

posterior  divisions  of,  790 

roots  of,  685 
plexus,  793 

deep  branches  of,  796 

posterior,  790 

superficial  branches  of,  793 
veins,  deep,  657 
vertebrse,  147 

surgical  anatomy  ot,  329 
Cervicalis  ascendens  muscle,  438 
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Cervico-fadal  nerve,  777 
Cervix  cornu  posterioris,  702 

uteri,  1053 
Chalice  cells,  43 
Chambers  of  the  eye,  865 
Cha^aignac's  tubercle,  148 
Check  ligaments,  328 
Cheek,  muscles  of,  403 
Cheeks,  structure  of,  893 
Chest,  muscles  of  front,  469 
of  side,  472 
surface  form  of,  238 
surgical  anatomy  of,  239 
Chiasma,  or   optic  commissure, 

756 
Chondro-glossus  muscle,  418 
Chondro-sternal  lij^ments,  336 
Chondro-xiphoid  ligament,  336 
Chorda  doraalis,  107,  115 

tympani  nerve,  775,  883 
Chordie  tendineee,  of  right  ven- 
tricle, 974 
of  lefk  ventricle,  976 
vocales,  988 
Willisii,  659 
Chorion,  112 

Choroid  arteries,  anterior,  575 
posterior,  586 
coat  of  eye,  856 
plexus  of  lateral  ventricle,  735 
of  fourth  ventricle,  753 
of  third  ventricle,  739 
veins  of  brain,  658 
Choroidal  fissure,  123 
Chromatin,  39 
Chyle,  38 

Chyli  receptaculum,  682 
Cilia,  or  eyelashes,  869 
Ciliary  arteri^  572,  867 
ganglion,  761 
muscle,  860 
nerves,  long,  761 

short,  761 
processes  of  eye,  857 
arcle  of  Willis,  586 
Circular  sinus,  661 
Circulation  of  blood  in  adult,  971 

in  foetus,  981 
Circulus  tonsillaris,  767 
Circumduction,  318 
Circumferential     fibro-cartilage, 

53 
Circumflex  artery  of  arm,  ante- 
rior, 595 
posterior,  595 
of  thigh,  external,  638 
internal,  638 
iliac  artery,  632 
superficial,  637 
nerve,  801 

surgical  anatomy  of,  807 
vein,  674 
superficial,  672 
Circumflexus  palati  muscle,  424 
Circum vallate  papillse  of  tongue, 

843 
Claustral  formation  of  cortex,  745 
Claustrum,  734 

Clava  of  forniculus  gracilis,  716 
Clavicle,  240 
development  of,  243 
fracture  of,  501 
peculiarities  in  sexes,  243 
surface  form  of,  243 
surgical  anatomy  of,  243 


Cleft  palate,  425 
Clinoid  processes,  anterior,  185 
middle,  182 
posterior,  183 
Clitoris,  1049 

frsenum  of,  1048 

lymphatics  of,  691 

muscles  of,  467,  1049 

prepuce  of,  1048 
Clivus,  183 
Cloaca,  140 
Coccygeal  artery,  628 

gland,  619 

nerves,  820 
Coocygeus  muscle,  462 
Coccyx,  161 

development  of,  162 
Cochlea,  884 

aqueduct  of,  179 

arteries  of,  889 

central  axis  of,  885 

cupola  of,  885 

denticulate  lamina  of,  886 

infundibulum  of,  885 

lamina  spiralis  of,  885 

nerves  of,  890 

scalse  of,  886 

spiral  canal  of,  885 

veins  of,  890 
Cochlear  artery,  890 

nerve,  890 
Cochleariform  process,  181,  878 
Coeliac  axis,  612 

plexus,  838 
Colica  dextra  artery,  616 

media,  616 

sinistra,  616 
Collateral  circulation.    See  Sur- 
gical Anatomy    of   eojch 
Artery, 

fibres  of  cerebrum,  744 

fissure,  722 
Collecting  tubes  of  kidney,  1014 
Colliculus  nervi  opticl,  860 
Colon,  941 

Colostrum  corpuscles,  1061 
Columella  cocnlese,  885 
Column  of  Goll,  701 

of  Burdach,  702 

oerebellar-y  701 

Clarke's    vesicular,  of   spinal 
cord,  703 

mixed  lateral,  701 

vesicular    of   anterior   cornu, 
703 
Columna  nasi,  848 
Columns?  camese  of  left  ventriole, 
977 
of  right  ventricle,  974 

napillaries,  974,  977 
Columns  of  abdominal  ring,  1064 

of  spinal  cord,  698 

of  vagina,  1051 
Comes  nervi  ischiadici  artery,  628 

phrenici  artery,  588 
Commissura,  brevis,  of  cerebel- 
lum, 749 
Commissural  fibres  of  brain,  743 
Commissures,  of  brain,  anterior, 
740 
middle  or  soft,  740 
posterior,  740 

optic,  756 

of  spinal  cord,  gray,  698 
white,  698 


Common  ligaments  of  vertebrsei 

321 
Communicans  hypoglossi  nerve, 
796 
peronei,  827 
Communicating  artery  of  brain, 
anterior,  574 
posterior,  574 
from  dorsalis  pedis,  645 
ulnar,  606 
Compact  tissue  of  bone,  54,  145 
Complex  us  muscle,  439 
Compressor  narium  minor,  401 
nasi,  401 

sacculi  laryngis,  991 
urethne,  466 
in  female,  1090 
Conarium,  740 
Concentric  corpuscles  of  thymus, 

1009 
Conception,  where  effected,  100 
Concha,  874 

Condyles  of  bones.    See  Bones. 
Condyloid  articulations,  318 
foramina,  167 
fossfe,  162 
process,  206 
ridge,  external,  252 

internal,  252 
veins,  posterior,  659,  660 
Congenital  fissures  in  cranium, 
190 
hernia,  1071 
Conglobate  glands,  681 
Com  vasculosi,  1042 
Conjoined  tendon  of  internal  ob- 
lique and  transversalis, 
453,  1066 
Conjunctiva,  870 
Connecting  fibro-cartilages,  53 
Connective  tissue,  45 
development  of,  48 
lymphatics  of,  48 
nerves  of,  48 
Conoid  ligament,  346 

tubercle,  241 
Constrictor  inferior  muscle,  421 
medius,  422 
superior,  422 
isthmi  faucinm,  424 
urethne,  466 
Contractile  fibre-cells,  68 
Conns  arteriosus,  974 
Convolution  of  corpus  callosum, 

722 
Convolutions,  angular,  720 
of  cerebrum,  structure  of,  742 

topography  of,  724 
of  corpus  callosum,  722 
cuneate,  723 
frontal,  719 
marginal,  723 
occipital,  721 
occipito-temporal,  724 
orbital,  719 
parietal,  720 
precuneus,  723 
quadrate,  723 
supramarginal,  720 
temporo-sphenoidal,  727 
uncmate,  723 
Coraco-acromial  ligament,  346 
Coraco-brachialis  muscle,  478 
Coraco-clavicular  ligament,  345 
Coraco-humeral  ligament,  348 
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Ooracoid  ligament,  347 
process,  ^7 
fracture  of,  502 
Ck>rd,  spermatic,  1039 

umbilical,  115 
Cordiform  tendon  of  diaphragm, 

447 
Corium  of  skin,  91 

of  tongue,  842 
Cornea,  854 
Corneal  corpuscles,  855 

spaces,  855 
Comicula  lar3mgis,  921 
Comu  Ammonis,  735,  745 

formation  of,  745 
Cornua  of  the  coccyx,  161 
of  hyoid  bone,  229 
of  the  sacrum,  158 
of  thyroid  cartilage,  920 
Corona  glandis,  1034 

radiata,  73,  742 
Coronal  suture,  207 
Coronaria  ventriculi  artery,  613 
Coronary  arteries  of  lip,  558 
of  heart,  544 
peculiarities,  545 
ligament  of  liver,  950 
ligaments  of  knee,  370 
plexus,  anterior,  837 

posterior,  836 
sinus,  679 

opening  of,  972 
valve,  680,  974 
Coronoid  depression,  253 
process  of  jaw,  206 
of  ulna,  257 
Corpora  albicantia,  724 
Arantii,  975 
mammillaria,  729 
cavernosa  penis,  1035 

crura  of,  1034 
cavernosa  clitoridis,  1049 
geniculata,  742 
quadrigemina,  746 
striata,  733 
veins  of,  659 
Corpus  callosum,  731,  743 
cavemosum,  artery  of,  527 
convolution  of,  723 
genu  of,  732 
peduncles  of,  732 
ventricle  of,  732 
dentatum  of  cerebellum,  749 

of  olivary  body,  710 
fimbriatum,  735 
Highmorianum,  1041 
spongiosum,  1036 
dentatum,  749,  752 
Corpuscles,  blood-,  34 
colored,  34 
development  of,  126 
of  Herbst,  77 
white,  35 
Malpighian,  of  kidney,  1013 
of  Purkinje,  752 
of  spleen,  963 
tactile,  76 
of  Vater,  77 
Corrugator  cutis  ani,  460 
supercilii  muscle,  397 
Cortex  of  cerebellum,  751 

of  cerebrum,  744 
Corti,  membrane  of,  886 
organ  of,  887 
rods  of,  887 


Cortical  arteries  of  brain,  577 
arches,  1013 
columns,  1013 
substance  of  brain,  744 
of  kidney,  1013 
of  suprarenal  capsules,  1022 
of  teeth,  898 
Costal  cartilages,  52,  238 
connection  with  ribs,  336 
process,  148 

vertebral  ligaments,  332 
Costo-chondral  articulation,  337 
Costo-clavicular  ligament,  343 
Costo-colic  liffament,  925 
Co6to-coraooid  fascia,  470 

ligament,  470 
Costo-transverse       articulations, 

333 
Costo-vertebral  articulations,  332 
Chondro-xiphoid  ligaments,  336 
Cotunnius,  nerve  of,  767 
Cotyloid  cavity,  280 
ligament,  366 
notch,  280 
Coverings  of  direct  inguinal  her- 
nia, 1072 
of  femoral  hernia,  1081 
of  oblique,  1069 
of  testis,  1040 
Qowig^s  glands,  1034,  1088 
Cranial  bones,  165 

articulations  of,  210 
fossae,  210 
nerves,  754 
development  of,  117 
eighth,  778 
eleventh,  786 
fifth,  759 
first  pair,  754 
fourth,  758 
ninth,  778 
second,  755 
seventh,  773 
sixth.  772 
tenth,  781 
third,  757 
twelfth,  786 
sutures,  207 
Cranium,  165 
congenital  fissures  in,  190 
development  of,  189 
lymphatics  of,  684 
Cremaster  muscle,  454 
formation  of,  1066 
Cremasteric  arterv,  621 

fascia,  454 
Crescents  of  Gianuzzi,  908 
Crest,  frontal,  173 
of  ilium,  274 
lachrymal,  197 
nasal,  191 
occipital,  167 

internal,  168 
turbinated,  of  palate,  200 
of  the  superior  maxillary, 

194 
of  pubes,  279 
of  tibia,  295,  296 
Cribriform  fascia,  1075 
plate  of  ethmoid,  187 
Crico-arytronoideus  lateralis  mus- 
cle, 989 
posticus  muscle,  988 
Crico-thyroid  artery,  554 
membrane,  987 


Crico-thyroid  muscle,  989 
Cricoid  cartilage,  985 
Crista  falciformis,  179 
gain,  187,  210 
pubis,  279 
vestibuli,  883 
Crochet  of  uncinate  gyrus,  724 
Cross  pyramidal  fasciculus,  709, 

711 
Crown  of  a  tooth,  894 
Crucial  anastomosis,  638 
ligaments  of  knee,  371 
Cruciform  ligament,  326 
Crura  cerebri.  729 
of  clitoris,  1049 
of  corpora  cavernosa,  1035 
of  diaphragm,  447 
of  fornix,  737 
Crural  arch,  452,  1077 
deep,  459, 1079 
canal,  1079 
nerve,  anterior,  817 

surgical  anatomy  of,  827 
ring,  1080 
sheath,  1078 
septum,  1080 
Crureus  muscle,  512 
Crus  penis,  1035 
Crusta  petrosa  of  teeth,  898 
of  cms  cerebri,  730,  743 
Crypts  of  Lieberkiihn,  936 
Crystalline  lens,  866 
Crystals,  blood-,  37 
Cuboid  bone,  305 
Cuneate  lobe,  723 
fasciculus,  711 
Cuneiform  bone,  hand,  266 
foot,  external,  308 
internal,  307 
middle,  307 
cartilases,  986 
Cupola  o?  cochlea,  885 
Curvatures  of  the  spine,  163 
Cuspidate  teeth,  894 
Cutaneous  branches  of  accessory 
obturator,  817 
of  anterior  tibial  nerve,  827 
of  cervical  plexus,  793 
of  circumflex,  801 
of  dorsal  nerve  of  penis,  823 
of  dorsal  nerves,  808 
of  external  popliteal,  826 

internal  825 
of     inferior     hemorrh<»idal 

nerve,  823 
of  ilio-hypogastric,  813 
of  ilio-inguinal,  813 
of  intercostal  nerves,  810 
of  lesser  sciatic  nerve,  824 
of  lumbar  nerves,  812 
of  median,  802 
of  musculo-epiral,  805 
of  ulnar  nerve,  804 
of  arm,  musculo-cutaneous, 
801 
internal,  802 
lesser  internal,  802 
of  buttock  and  thigh,  824 
of  inguinal  r^ion,  1075 
of  isoiio-rectal  r^on,  1083 

from  obturator,  816 
of  thigh,  external,  814 
internal,  818 
middle,  818 
of  patella,  818 
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Cutaneous  branches  of  perineal 
nerve,  823 
plantar  nerve,  825 
of  posterior  tibial,  825 
of  radial,  806 
of  sacral  nerves,  819 
of  ulnar,  804 
Cuticle  of  skin,  90 
Cuticula  dentis,  900 
Cutis  vera,  91 
Cuvier,  ducts  of,  131 
Cystic  artery,  613 
duct,  956 

valve  of,  957 
plexus  of  nerves,  839 
veins,  679 

D. 

Dartos,  1038 
Decidua,  114 

refleza,  114 

serotina,  114 

vera,  114 
Deciduous  teeth,  894 
Decussation  of  optic  nerves,  756 

of  pyramids,  710 
Deep  crural  arch,  459,  1079 

palmar  arch,  600 

perineal  fascia,  465,  1086 
Deferent  artery,  624 
Deglutition,  actions  of,  425 
Deltoid  aponeurosis,  473 

muscle,  473 

tubercle,  241 
Demilunes  of  Heidenhain,  908 
D^mours,  membrane  of,  854 
Dens  sapientise,  893 
Dental  artery,  inferior,  563 
posterior,  563 

canal,  anterior,  193 
inferior,  205 
posterior,  192 

groove,  899,  902 

nerves,  anterior,  765 
inferior,  769 
middle,  764 

rterior,  764 
896 

ridges,  899 

sacs,  902 

tubuli,  897 

vein,  inferior,  655 
Dentate  fissure,  722 
Denticulate  lamina  of  cochlea, 

886 
Dentinal  sac,  900 

sheath,  898 
Dentine,  897 

formation  of,  900 
Depressions      of      Pacchionian 

bodies,  171 
Depressor  alse  nasi,  401 

an^ili  oris,  403 

epiglottidis,  991 

labii  inferioris,  403 
Derma,  or  true  skin,  91 
Descemet,  membrane  of,  854 
Descendens  hypoglossi  nerve,  788 
Descending  aorta,  607 

colon,  941 

oblique  muscle  of   abdomen, 
450 
Descent  of  testicle,  1045 
Development  of  atlas,  156 


Development,  axis,  156 

alimentaiy  canal  and  its  ap- 
pendages, 183 

arteries,  129 

bone,  59 

carpus,  273 

clavicle,  243 

coccyx,  162 

cranium,  117, 189 

ear,  124 

ethmoid,  189 

eye,  122 

face,  117 

femur,  292 

fibula,  300 

foot,  310 

frontal  bone,  175 

genital  organs,  137 

hand,  273 

heart,  326 

humerus,  254 

hyoid  bone,  229 

Inferior  turbinated  bone,  202 

lachrymal  bone,  198 

lens,  123 

lower  jaw,  208 

lumbar  vertebrae,  155 

malar  bone,  199 

mammse,  125 

metacarpus,  274 

metatarsus,  311 

muscles,  126 

nasal  bone,  191 

nervous  centres,  120 

nose,  125 

occipital  bone,  169 

06  innominatum,  280 

palate,  119 

palate  bone,  201 

parietal  bone,  172 

patella,  294 

permanent  teeth,  901 

phalanges  of  hand,  274 
of  foot,  311 

radius,  262 

ribs,  237 

sacrum,  160 

scapula,  248 

seventh  cervical,  156 

skin,  125 

sphenoid,  186 

spine,  115 

sternum,  233 

superior  maxillary  bone,  196 

tarsus,  311 

temporal  bone,  181 

temporary  teeth,  899 

tibia,  298 

ulna,  260 

veins,  130 

vertebr»,  154 

vomer,  203 

Wormian,  190 
Development  of  Organs,  Chron- 
ological Table  of,  143 
Diameters  of  pelvis,  282 
Diaphragm,  446 

development  of,  134 

lymphatics  of,  694 
Diaphysis,  64 
Diarthrosis,  317 
Digastric  muscle,  415 

fossa,  178 

lobe  of  cerebellum,  749 

nerve,  from  facial,  776 


Digestion,  organs  of,  892 
Digital  arteries  from  ulnar,  606 

from  plantar,  649 
cavity  of  lateral  ventricle,  732 
fossa,  287 
nerves,  from  median,  803 

from  radial,  806 

from  ulnar,  804 

of  foot,  836 
Dilatator  naris,  anterior,  401 

posterior,  401 
DiploS,  146 

veins  of,  657 
Direct  inguinal  hernia,  1071 
course  of,  1072 
coverings  of,  1072 
pyramidal  fasciculus,  701 
Discus  proligeruB,  100,  1059 
Disks,  blood,  36 

development  of,  127 
Dissection  of  abdominal  muscles^ 
449 
arm,  477 

auricular  region,  395 
axiUa,  468 
back,  430 

epicranial  region,  393 
eye,  856 
face,  396 

femoral  hernia,  1072 
foot,  530 
forearm,  480 
ffluteal  region,  516 
hand,  91 
heart,  left  auricle,  975 

left  ventricle,  976 

right  auricle,  972 

right  ventricle,  973 
hernia,  femoral,  1072 

inguinal,  1062 
iliac  region,  505 
inferior  maxillary  region,  402 
infrahyoid  re^on,  413 
inguinal  hernia,  1062 
intermaxillary  region,  403 
ischio-rectal  region,  1083 
leg,  522 

lingual  region,  417 
neck,  408 
orbit,  398 
palatal  region,  423 
palm  of  hand,  492 
palpebral  region,  396 
pancreas,  958 
pectoral  r^on,  468 
perineum,  1083 
pharynx,  421 
pterygoid  muscles,  406 
radial  region,  485 
scalp,  393 
sole  of  foot,  531 
spinal  cord  and    membranes, 

695 
suprahyoid  region,  415 
temporal  muscle,  405 
thign,  front  of,  507 

back  of,  520 

inner  side  of,  513 
Diverticulum,  Meckel's,  933 
Division  of  cells,  40 

direct,  41 

indirect,  41 
Dorsal  artery  of  penis,  626 
nerves  of  penis,  823 
nerves,  808 
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Dorsal  nerves,  anterior  divisions 
of,  808 
posterior  divisions  of,  808 
peculiar,  811 
roots  of,  808 
vein  of  penis,  675 
vertebne,  151 
peculiar,  153 
£k)rsai6s  poUicis  arteries^  602 
Dorsalls  hallucis  artery,  646 
indicis,  602 
linguH',  55o 
pedis,  64') 
branches  of,  646 
peculiarities  of,  645 
surface  marking  of,  645 
surgical  anatomy  of,  645 
scapulpe,  594 
Dorei-lumbar  nerve,  811 
Dorsi-«pinal  veins,  670 
DorHum  of  scapula,  245 
ephipii  or  sellae,  183 
Douglas,  pouch  of,  1052 
semilunar  fold  of,  457 
Ducts  or  duct,  of  Bartholine,  907 
biliary,  956 

of  Cowjier's  glands,  1031 
of  Cuvier,  131 
cystic,  956 
ejaculatory,  1044 
of  (xartner,  139 
galactophorons,  1061 
hemtic,  955,  956 
of  kidney,  1019 
lactiferous,  1061 
of  liver,  955 
lymphatics,  683 
nasal,  873 
of  pancreas,  960 
parotid,  904 
Rivini,  907 
seminal,  1043 
Stenson's,  905 
thoracic,  682 
Wharton's,  906 
Ductless  glands : 
spleen,  962 

suprarenal  capsule,  1021 
thyroid,  1006 
thymus,  1009 
Ductus  arteriosus,  542,  981 

how  obliterated  in  foetus,  983 
communis  choledochus,  957 
pancreaticus  minor,  960 
Kivini,  907 
venosus,  981 

how  obliterated,  983 
Duodenal  glands,  936 
Duodenum,  931 

vessels  and  nerves  of,  932 
Dura  mater  of  brain,  704 
arteries  of,  704 
nerves  of,  705 
processes  of,  705 
veins  of,  704 
of  cord,  695 

peculiarities  of,  695 

E. 

Ear,  874 
arteries  of,  877,  882,  889 
auditory  canal,  876 
coclilea,  S8') 
internal,  or  labyrinth,  8S3 


Ear,  membranous  labyrinth,  888 

muscles  of  auricle,  875 
of  tvmpanum,  880 

ossicula  of,  880 

pinna  or  auricle  of,  874 

semicircular  canals,  884 

surface  form  of,  877 

surgical  anatomy  of,  890 

tympanum,  878 

vestibule,  883 
Earthy  constituents  of  bone,  59 
Ectoderm,  104 
Eighth  nerve,  778 
E&rent  nerves,  75 

surgical  anatomy  of,  778 
Ejaculator  seminis  muscle,  463 
Ejaculatory  ducts,  1044 
Elastic  lamina  of  cornea,  855 
Elbow,  cartilage,  586 

anastomoses  around,  599 

bend  of,  595 

joint,  351 

surface  form  of,  354 

surgical  anatomy  of,  354 

vessels  and  nerves  of,  353 
Eleventh  nerve,  785 

surgical  anatomy  of,  785 
Embryo,  first  rudiments  of,  107 
Eminence    of  aquieductus    Fal- 
lopii,  879 

canine,  192 

frontal,  173 

ilio-pectineal,  279 

nasal,  173 

parietal,  170 
Eminences   and   depressions  of 

bones,  146 
Eminentia  articularis,  176 

collateralis,  732 
Emissary  veins,  663 
Enamel  epithelium,  900 

of  teeth,  898 

formation  of,  900 

germ,  899 

organ,  neck  of,  899 

rods,  898 
Enarthrosis,  319 
End-bull)s  of  Krause,  76 
End-plates,  motorial,  of  Ktihne, 

78 
Endocardium,  912 
Endolymph,  889 
Endomysuim,  65 
Endoneurism,  74 
P^ndothelium,  45 
Ensiform  appendix,  230 
Entoderm,  104 
Epencephalon,  120 
Ependvma,  732 
Epiblast,  104 
Epidermis,  structure  of,  90 

development  of,  125 
Epididymis,  1043 

development  of,  125 
Epigastric  artery,  deep,  631 
peculiarities,  632 
relation     to    femoral    ring, 

1080 
with  internal  ring,  1068 

superficial,  637 

sui>erior,  589 
plexus,  H37 
region,  914 
vein,  ()74 
suj)erficial,  672 


Epiglottic  glands,  992 
Epiglottis,  986 
Epineurium,  74 
Epiphvsial  cartilage,  60 
EpiphVsis,  64,  146 

cerebri,  740 
Epithelium,  42 

ciliated,  43 

columnar,  43 

pavement,  42 

spheroidal   or   glandular,   43. 
8ee  Various  Organs. 

stratified,  44 
Epoophoron,  139 
Erectile  tissue,  its  structure,  1035 
of  clitoris,  1049 
of  penis,  1035 
Erector  clitoridis,  466,  1049 

penis,  464 

spinee,  436 
Eruption  of  the  teeth,  902 
Ethmo-sphenoidal  suture,  209 
Ethmoid  bone,  187 

articulations  of,  188 

cribriform  plate  of,  187 

development  of,  189 

lateral  masses  of,  188 

OS  planum  of,  188 

perpendicular  plate  of,  188 

unciform  process  of,  188 
Ethmoidal  artery,  571 

canal,  anterior,  174 

rterior,  174 
188 
notch,  174,  188 
process  of  inferior  turbinated, 

202 
spine,  182 
Ethmo-frontal  suture,  209 
Eustachian  tube,  181,  880 
surgical  anatomy  of,  911 
valve,  973 

in  foetal  heart,  981 
Expiration,  muscles  of,  446 
Elxtensor  coccygls,  440 
brevis  digitorum  muscle,  532 
carpi  radial  is  brevior,  486 

longior,  486 
carpi  ulnaris,  488 
communis   digitorum   (hand), 

^  487 
indicis,  490 

longus  di^torum  (foot),  523 
minimi  digiti,  485 
ossis  metacarpi  pollicis,  488 
proprius  hallucis,  523 
pollicis,  4iX) 
External    abdominal    ring,  459, 
10«i4 
annular  ligament,  531 
capsule,  734 
inguinal  hernia,  1068 
orbital  foramina,  185 
pterygoid  plate,  185 
spermatic  fascia,  1064 
sphincter  ani,  460 
External  and  inferior  frontal  ar- 
tery, 574 
Extrinsic  muscles  of  tongue,  419 
Eye,  852 
appendages  of,  869 
chambers  of,  865 
ciliary  muscle,  860 
processes  of,  857 
humors  of,  865 
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Eye,  aqueous  humors  of,  865 
crystalline  lens,  866 

vitreous,  865 
membrana  pupillaris,  860 
choroid,  856 
conjunctiva,  870 
cornea,  854 

hyaloid  membrane,  865 
iris,  858 
Jacob's,  863 
retina,  860 
sclerotic,  853 
pupil  of,  858 
surgical  anatomy  of,  867 
tunics  of,  853 
uvea  of,  858 
vessels  of  globe  of,  867 
elastic  lamina  of  cornea,  855 
Eyeball,  muscles  of,  398 
nerves  of,  H67 
vessels  of,  867 
Eyebrows,  869 
Eyelashes,  869 
Eyelids,  869 
cartilages  or  plates  of,  870 
Meibomian  glands  of,  870 
muscles  of,  397 
tarsal  ligament  of,  870 
Eye-teeth,  894 

F. 

Face,  arteries  of,  556 
bones  of,  165,  190 

development  of,  116 
lymphatics  of,  684 
muscles  of,  397 
nerves  of,  735 
veins  of,  653 
Facial  artery,  556 

peculiarities  of,  558 
surgical  anatomy  of,  558 
transverse,  561 
bones,  190 
nerve,  773 

surgical  anatomy  of,  777 
vein,  653 

surgical  anatomy  of,  555 
Falciform  process  of  fascia  lata, 
510 
ligament  of  liver,  949 
Fallopian  tubes,  1056 
development  of,  138 
fimbriated  extremity  of,  1056 
lymphatics  of,  691 
nerves  of,  1060 
structure  of,  1056 
vessels  of,  1060 
False  ligaments  of  bladder,  1027 
pelvis,  282 
ribs,  234 
Falx  cerebelli,  705 

cerebri,  705 
Fangs  of  teeth,  894 
Fascia,  anal,  1092 
Fascise,  general    description  of, 
391 
of  arm,  477 
cervical,  deep,  409 
superficial,  409 
of  Colles,  464 
costo-coracoid,  470 
of  cranial  region,  394 
cremasteric,  454 
cribriform,  1075 


Fasdfe,  deep,  392 
dentata,  736 
dorsal,  of  foot,  532 
fibro-areolar,  its  structure,  391 
iliac,  505 

infundibuliform,  1068 
intercolumnar,  452,  1064 
intercostal,  443 
intermuscular,  of  arm,  477 

of  foot,  531 
ischio-rectal,  1092 
lata,  510,  1076 
falciform  process  of,  1076 
iliac  portion,  510,  1075 
pubic  portion,  510,  1076 
of  leg,  523 

deep  transverse,  526 
lumborum,  435 
of  mamma,  467 
masseteric,  405 
of  neck,  408 
obturator,  1092 
palmar,  492 
parotid,  405,  410 
pelvic,  1091 
perineal,  deep,  1086 

superficial,  1085 
plantar,  532 
of  foot,  531 
of  forearm,  480 
of  hand,  492 
propria  of  spermatic  cord,  1039 

of  femoral  hernia,  1072 
recto-vesical,  1092 
spermatic,  452,  1064 
superficial,  391 

of  inguinal  region,  1062 
of  ischio-rectal  region,  1083 
of  thigh,  508 
temporal,  405 

of  thigh,  deep,  508 
superficial,  508 
of  thorax,  443,  468 
transversal  is,  996 
visceral  layer  of  pelvic,  1092 
Fasciculi  teretes,  753 
Fasciculus,    crossed    pyramidal, 
701 
cuneate,  702 
fundamental,  701 
direct  pvramidal,  701 
of  Turck,  701 
unciformis,  728 
Fat,  50 
Fat-cells,  50 
Fauces,  isthmus  of,  903 
Fecundation  of  ovum,  108 
Female  organs  of  generation : 
bulbi  vestibuli,  1049 
carunculse      mvrtiformee^ 

1049 
clitoris,  1048 
development  of,  138 
fossa  navicularis,  1048 
glands  of  Bartholine,  1049 
hymen,  1049 
labia  niajora,  1047 

minora,  1048 
nymphffi,  1048 
uterus,  1051 
vagina,  1050 
vestibule,  1049 
Femoral  artery,  632 
branches  of,  637 
common,  633 


Femoral  artery,  deep,  637 
peculiarities  of,  635 
superficial,  634 
surface  marking  of,  635 
surgical  anatomy  of,  635 
or  crural  canal,  1080 
variation  in  size  of,  accord- 
ing to  position  of  limb, 
1080 
hernia,  complete,  1081 
coverings  of,  1081 
descent  of,  1081 
dissection  of,  1072 
incomplete,  1081 
seat  of  stricture,  10S2 
surgical  anatomy  of,  1072 
position  of  surrounding  parts, 

1080 
re^on,  muscles  of  anterior,  507 
internal,  513 
posterior,  520 
ring,  1080 
sheath,  1078 
spur,  291 
vein,  674 
relation    of    femoral    ring, 
1080 
Femur,  286 
articulations  of,  292 
attachment  of  muscles  to,  202 
condvles  of,  290 
development  of,  292 
fracture  of,  above  condyles,  539 

below  trochanters,  539 
head  of,  286 
neck  of,  286 
structure  of,  290 
surface  form  of,  292 
surgical  anatomy  of,  292 
trochanters  of,  287 
Fenestra  oval  is,  878 
rotunda,  878,  885 
Fenestrated  membrane  of  Henle, 

81 
Ferrein,  pyramids  of,  1015 
Fibre-celts,  contractile,  68 
Fibres  of  Muller,  863 
of  muscle,  67 
of  nerves,  69 
Fibrin,  33 

ferment,  33 
Fibrinogen,  33 
Fibro-cartilage,  52 
interarticular,  53 
connecting,  circumferential, 
and  stratiform,  53 
yellow,  53 
Fibro-cartilages,  acromio-clavic- 
ular,  345 
intercoccygean,  341 
intervertebral,  322 
of  knee,  72,  373 
of  lower  jaw,  331 
pubic,  342 
radio-ulnar,  357 
sacro-coccypean,  341 
sterno-clavicular,  345 
Fibro-serous  membranes,  96 
Fibrous  cartilage,  52 
connective  tissue,  45 
nervous  matter,  69 
rings  of  heart,  978 
tissue,  white,  45 
vellow,  46 
Fibula,  299 
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Fibula,  articulations  of,  300  ! 

attachment  of  muBcles  to,  301  t 

development  of,  300 

fracture  of,  with  dislocation  of 
the  tibia,  540 

surface  form  of,  301 
Fibular  region,  muscles  of,  529 
Fifth  nerve,  759 

surface  marking  of,  771 
surgical  anatomy  of,  771 

ventricle  of  brain,  737 
Filiform  papillie  of  tongue,  843 
Fillet  of  the  gyrus  fomicatus,  744 
Filum  terminale  of  cord,  697 
Fimbrise  of  Fallopian  tube,  1056 
First  nerve,  754 

surgical  anatomy  of,  755 
Fissure,  auricular,  181 

for  gall-bladder,  950 

Glaserian,  176,  878 

horizontal,  of  cerebellum,  749 
of  ductus  venosus,  891 

longitudinal,  of  cerebrum,  716, 
725 
of  liver,  950 

of  lunff,  1002 

of  medulla  oblongata,  707 

portal,  895 

pterygo-maxillary,  218 

sphenoidal,  184 

spheno-maxillary,  218 

of  spinal  cord,  698 

Sylvian,  717 

transverse,  of  cerebrum,  736 
of  liver,  951 

umbilical,  951 

for  vena  cava,  951 
Fissures,  congenital,  in  cranium, 
190 

calcarine,  722 

collateral,  722 

calloso-marginal,  722 

dentate,  722 

intraparietal,  720 

parallel,  721 

parieto-occipital,  722 

Srecentral,  718 
:olando,  717 
Sylvias,  717.  725 
Flat  bones,  145 

Flexor  accessorius  muscle,  534 
brevis  di^itorum,  532 
minimi  digiti  (hand),  497 

(foot),  535 
pollicis,  494 
iiallucis,  534 
carpi  radialis,  481 

ulnaris,  482 
digitorom  sublimis,  482 

profundus,  483 
longus  digitorum,  527 
pollicis  (hand),  484 
hallucis,  527 
ossi  metacarpi  pollicis,  496 
Floating  ribs,  234 
Flocculus,  749 
Fluids  of  tlie  body,  33 
Fa'tus,  circulation  in,  981 
Eustachian  valve  in,  980 
foramen  ovale  in,  128,  980 
liver  of,  distribution  of  its  ves- 
sels, 981 
ovaries  in,  138 

vascular  system  in,  peculiari- 
ties, 981 


Fold  of  Douglas,  457 

Folds,  aryteno-epiglottidean,  987 

genital,  140 

recto- uterine,  1052 

recto-vesical,  1026 

vesioo-uterine,  1052 
Follicle  of  hair,  94 

of  intestine,  936 
Follicles,  sebaceous,  94 
Fontana,  spaces  of,  855 
Fontanelles,  169, 190 
Foot,  arteries  of,  645,  648 

bones  of,  301 

development  of,  310 

dorsum,  muscles  of,  532 

fascia  of,  532 

ligaments  of,  530,  531 

nerves  of,  825 

sole  ol^  muscles  of,  532 
fascia  of,  531 

surface  form  of,  312 

surgical  anatomy  of,  313 

veins  of,  672 
Foramen  caecum  of  frontal  bone, 
173,  210 
of  medulla  oblongata,  708 
of  tongue,  843 

carotid,  180 

condyloid,  167 

dental  inferior,  205 

ethmoidal,  211 

incisive,  215 

infraorbital,  192 

intervertebral,  163 

iugular,  213 

lacerum  anterius,  212 
posterius,  213 

magnum,  167 

of  Majendie,  896 

mastoid,  177 

medium,  213 

mental,  204 

of  Monro,  734,  740 

obturator,  280 

optic,  185,  212 

ovale  of  heart,  915 
of  sphenoid,  184 

palatine,  anterior,  195,  213 
posterior,  200,  215 

parietal,  171 

ptery  go-palatine,  184 

rotundum,  184,  212 

sacro-sciatic,  277,  339 

of  Scarpa,  196,  215 

of  Sommerring,  860 

spheno-palatine,  201,  223 

spinosum,  184,  212 

of  Stenson,  196,  215 

sternal,  231 

stylo-mastoid,  180 

supraorbital,  173 

thyroid,  280 

Vesalii,  184,  212 

of  Winslow,  918 
Foramina,  sacral,  158 

of  diaphragm,  448 

external  orbital,  184 

malar,  198 

olfactorv,  188 

Thebesu,  680,  972 
Forearm,  arteries  of,  598 

bones  of,  256 

fascia  of,  480 

lymphatics  of,  686 

tnuscles  of,  480 


Forearm,  nerves  of,  801 

veins  of,  664 
Form  of  bones,  145 
Fozmatio  reticularis  of  medulla, 

712 
Formation  of  the  oomu  Ammo- 

nis,  745 
Fornix,  737 

bulbs  of,  729 

oox^unctivs^  870 

crura  o^  737 
Fossa  acetabuli,  280 

of  antihelix,  874 

canine,  192 

condyloid,  167 

cystis  fellese,  951 

digastric,  178 

digital,  287 

glenoid,  177 

of  helix,  874 

iliac,  276 

incisive,  192,  204 

infra-  and  supraapinoos,  246 

innominata,  874 

ischio-rectal,  1083 

jugular,  181 

lachrymal,  174 

myrtiform,  192 

navicularis  of  urethra,  1030 
of  vulva,  1048 

occipital,  167 

olfactory,  of  foetus,  125 

ovalis,  973 

palatine,  anterior,  196 

pituitary,  182 

pterygoid,  of  sphenoid,  185 
of  lower  jaw,  206 

scaphoid,  185 

scaphoidea,  874 

sigmoidea,  178 

spheno-maxillary,  218 

of  skull,  anterior,  210 
middle,  212 

Cerior,  213 
gual,  204 
submaxillary,  205 
subscapular,  245 
temporal,  217 
trocnanteric,  287 
zygomatic,  218 
Foesffi,  nasal,  221,  850 

ofskuU,  210 
Fourchette,  1048 
Fourth  nerve,  759 

surgical  anatomy  of,  759 
ventricle,  752 
Fovea,  anterior  of  fourth  ven- 
tricle, 753 
centralis  retins,  860 
hemispherica,  883 
posterior  of  fourth  ventricle^ 

753 
semi-elliptica,  883 
Fracture    of  acromion  process, 
502 
centre  of  clavicle,  501 
acromial  end  of,  502 
coracoid  process,  502 
coronoid  process  of  ulna,  503 
femur  above  condyles,  539 

below  trochanters,  539 
fibula,    with    dislocation    of 

tibia,  540 
humerus,  anatomical  neck,  502 
shaft  of,  502 
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Fracture  of  hamerus,  shaft,  502 
non-union  of,  255 
sui^ical  neck,  502 
neck  of  femur,  539 
olecranon  process,  503 
patella,  539 
Pott's,  540 
radius,  503 
lower  end  of,  504 
neck  of,  503 
shaft  of,  503 
and  ulna,  504 
Frsena  of  ileo-caecal  valve,  940 
Krpenulnm  of  Vieussens'  valve, 

750 
Fnennm  clitoridis,  1048 
labii  superioris  et    inferioris, 

893 
linguae,  841 
pneputii,  1034 
Frontal  artery,  572 
bone,  172 
articulations  of,  175 
attachment  of  muscles  to,  175 
development  of,  175 
structure  of,  175 
cresty  173 
eminence,  173 
lobe,  718 
nerve,  760 

process  of  malar,  198 
sinuses,  175 
suture,  173, 175 
vein,  653 
Fronto-nasal  process,  119 
Fronto-sphenoidal  suture,  209 
Fundamental  fasciculus,  701 
Fundus  of  bladder,  1025 

of  uterus,  10-51 
Fungiform    papillse   of   tongue, 

843 
Funiculi  of  nerve,  73 
Funiculus  cuneatus,  709 
gracilis,  710 
of  Rolando,  709 
Furrow,  auriculo- ventricular,  97 1 
genital,  140 
interventricular,  971 
Furrowed  band  of   cerebellum, 
749 

G. 

Gralactophorous  ducts,  1061 
Galen,  veins  of,  659,  738 
Gall-bladder,  956 

development  of,  135 

fissure  for,  951 

structure  of,  956 

surface  form  of,  957 

valve  of,  956 
(ianglion  corpuscles,  80 
Ganglion    or    ganglia,    general 
anatomy  of,'  79 

of  Andersch,  779 

Arnold's,  770 

of  Bockdalek,  765,  767 

cardiac,  836 

carotid,  831 

cephalic,  761 

of  the  cerebellum,  752 

cervical,  inferior,  834 
middle,  834 
superior,  731 

ciliary,  761 

70 


Ganglion  or  ganglia  on  circum- 
flex nerve,  801 

diaphragmatic,  837 

on  facial  nerve,  774 

of  fifth  nerve,  761 

Gasserian,  759 

of  glosso-pharvngeal,  779 

impar,  827,  836 

intercarotid,  834 

on  posterior  interosseous  nerve, 
807 

jugular,  779 

lenticular,  761 

lingual,  834 

lumbar,  835 

Meckel's,  765 

mesenteric,  839 

ophthalmic,  761 

otic,  770 

petrous,  779 

pharyngeal,  833 

of  pneumogastric,  782 

of  portio  dura,  774 

of  Kibes,  833 

of  root  of  vagus,  781 

sacral,  835 

semilunar,  of  abdomen,  837 
of  fifth  nerve,  761 

spheno-palatine,  765 

of  spinal  nerves,  789 

spirale,  890 

submaxillary,  771 

suprarenal,  837 

of  sympathetic  nerve,  829 

temporal,  834 

thoracic,  834 

thyroid,  834 

of  trunk  of  vagus,  781 

of  Wrisberg,  836 
Ganglionic  branch  of  nasal  nerve, 

761 
Gartner,  duct  of,  139 
Gases  of  the  blood,  37 
Gasserian  ganglion,  759 

depression  for,  179 
Gastric    arteries    (vasa   brevia), 
614 

arterv,  613 

follicles,  928 

impression  of  liver,  952 

nerves  from  vagus,  784 

plexus.  839 

vein,  678 
Gastrocnemius  muscle,  524 
Gastro-colic  omentum,  923 
Gastro-duodenal  artery,  613 

plexus,  839 
Gastro-epiploic  plexus,  839 

veins,  677 
Gastro-epiploica   dextra  artery, 
613 

sinistra,  614 
Gastro-hepatic  omentum,  923 
Gastro-phrenic  ligament,  926 
Gastro-splenic  omentum,  923 
Gelatinous  connective  tissue,  48 

nerve-fibres,  72 
Gemellus  inferior  muscle,  519 

superior,  519 
Generative  organs,  development 
of,  137 
female,  1047 
male,  1032 
Genial  tubercles,  204 
Geniculate  bodies,  742 


Geniculate  ganglion,  774 
Genio-hyo-glossus  muscle,  417 
Genio-hyoid  muscle,  416 
Genital  cord,  136 

corpuscles.  76 

folds,  140  ' 

furrow,  140 

ridge,  137 

tubercle,  140 
Genito-crural  nerve,  814 
Genu  of   the  corpus  callosum, 

732 
Gerlach's  nerve  network,  703 
Germinal  area,  104 

disk,  104 

spot,  101 

vesicle,  101 
Giant  cells,  55 
Gianuzzi,  crescents  of,  908 
Gimbernat's  ligament,  450, 1065 
Ginglymus,  318 
GiraldSs,  organ  of,  138 
Girdle,  pelvic,  240 

shoulder,  240 
Glabella  of  frontal  bone,  173,  219 
Gladiolus,  231 
Glands,  development  of,  125 

ductless,  961 

spleen,  961 

suprarenal,  1021 

thymus,  1009 

thyroid,  1006 
Glands,  lymphatics,  87 
Gland  or  glands,  secreting,  98 

accessory  of  parotid,  906 

arytenoid,  992 

of  Bartholine,  1049 

of  biliary  ducts,  956 

Brunner^s,  936 

buccal,  893 

ceruminous,  876 

coccygeal,  619 

C'owpers,  1034, 1086 

duodenal,  936 

epiglottic,  992 

gastric,  928 

of  Havers,  316 

labial,  893 

lachrymal,  871 

of  larynx,  992 

lingual,  844 

of  Littr^,  1031 

of  Luschka,  619 

mammary,  1060 

Meibomian,  870 

molar,  895 

mucilaginous,  of  Havers,  316 

odorifene,  1034 

oesophageal,  912 

of  Pacchioni,  659,  705 

palatial,  903,  910 

parotid,  904 

peptic,  929 

Peycr's,  937 

pharyngeal,  910 

pineal,  740 

pituitary,  729 

prostate,  1082 

salivary,  904 

sebaceous,  94 

solitary,  936 

sublingual,  907 

submaxillary.  906 

sudoriferous,  95 

suprarenal,  1021 
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Gland  or  glands,  thymus,  1009 

thyroid,  1006 

tnicheal,  995 

of  Tyson,  1034 

uterine,  1054 

of  vulva,  1049 
Glandulae  odorifene,  1034 

Pacchioni,  659,  705 
(ilans  penis,  1034 

clitoridis,  1049 
(jlaserian  fissure,  176,  878 
Glenoid  cavity,  247 

fossa,  177 

ligament  of  shoulder,  348 

of  Cruveilhier,  363 

of  phalanges,  363 
Gliding  movement,  320 
Glisson's  capsule,  923,  952 
Globules,  blood-,  34 

development  of,  127 
Globus  major  of  epididymus,  1042 

minor,  1042 
Glosso-epiglottidean     ligaments, 

841,  987 
Glosso-pharyngeal  nerve,  778 
Glottis,  rima  of,  988 
Gluteal  aponeurosis,  517 

arterv,  6-29 
inferior,  628 

lymphatic  glands,  688 

nerve,  inferior,  823 
superior,  823 

region,  lymphatics  of,  691 
muscles  of,  516 

ridge,  288 

veins,  675 
(iluteus  maximus  muscle,  516 

medius,  517 

minimus,  518 
Goblet  cells,  43 
Golgi,  organs  of,  78 
Goll's  column,  701 
Gomphosis,  317 
Graafian  vesicles,  1058 

membrana  granulosa  of,  1058 
ovicapsule  of,  1058 
structure  of,  1058 
Gracilis  muscle,  513 
Granular  formation    of    cortex, 

745 
Gray  nervous  substance,  69 

matter  of  cerebellum,  751 
of  cerebrum,  743 
of  fourth  ventricle,  753 
of  medulla  oblongata,  713 
of  spinal  cord,  7U2 
Great  omentum,  923 

sciatic  nerve,  824 

surgical  anatomy  of,  328 
Cxreater  wings  of  sphenoid,  184 
Gn»in,  1072 

cutaneous  vessels  and   nerves 
of,  1072 

superficial  fiiscia  of,  1072 

surgical  anatomy  of,  1072 
Groove,  auriculo-ventricular,  971 

bicipital,  249 

cavernous,  183 

infraorbital,  193 

lachrymal,  194 

mylo-hyoid,  205 

nasal,  191 

occipital,  178 

optic,  182 

primitive  dental,  899 


Groove,  subclavian,  236 
Grooves  in  the  radius,  262 

interventricular,  971 
Growth  of  bones,  63 
Gubemaculum  testis,  1045 
Gums,  894 
Gustatory  nerve,  769 
Gvri,  or  convolutions  of  brain, 
721 

annectant,  724 

operati,  721 
Gyrus  fornicatus,  723 

or  lingual  lobule,  724 

H. 

Hsematoidin  crystals,  37 
Htemin  crystals,  37 
Haemoglobin,  34 

crystals,  37 
Hair-cells  of  internal  ear,  888 
Hair-folUcles,  94 
Hairs,  93 

root-sheath  of,  93 

shaft  of,  94 

structure  of,  93 
Ham,  region  of  the,  639 
Hamstring      tendons,     surgical 

anatomy  of,  522 
Hamular  process    of   sphenoid, 
185 
of  humerus,  252,  note. 
of  lachrymal,  197 
Hand,  arteries  of,  603 

bones  of,  264 

fascia  of,  491 

ligaments  of,  358,  359 

muscles  of,  491 

nerves  of,  from  median,  802 
from  radial,  806 
from  ulnar,  804 

surface  form  of,  272,  500 

veins  of,  664 
Hard  palate,  903 
Harmonia,  317 
Hasner,  valve  of,  873 
Havers,  glands  of,  316 
Havensian  canals  of  bone,  56 
Head,  Ivmphatics  of,  683 

muscles  of,  392 

veins  of,  652 
Heart,  970 

annular  fibres  of  auricles,  978 

arteries  of,  547,  979 

circular  fibres  of,  978 

development  of,  126 

endocardium,  978 

fibres  of  the  auricles,  978 
of  the  ventricles,  978 

fibrous  rings  of,  978 

foetal  relics  in,  972 

infundibulum  of,  973 

left  auricle,  975 
ventricle,  976 

looped  fibres  of  auricles,  978 

lymphatics  of,  694,  980 

muscular  fibres  of,  67 
structure  of,  978 

nerves  of,  784,  836,  979 

position  of,  970 

right  auricle,  972 
ventricle,  973 

septum  ventriculorum,  973 

size  and  weight,  971 

spiral  fibres  of,  978 


Heart,  stnicture  of,  978 

subdivision  into  cavities,  971 

surface  marking  of,  980 
j      veins  of,  679 

vortex  of,  979 
Heidenhain,  demilunes  of,  908 
Helicine  arteries,  1056 
Helicis  major  muscle,  876 

minor,  876 
Helicotrema  of  cochlea,  885 
Helix,  874 

fossa  of,  874 

muscles  of,  875 

process  of,  875 
Hemorrhoidal    artery,  infenOT, 
589 
middle,  624 
superior,  617 

nerve,  inferior,  823 

plexus  of  nerves,  840 

veins,  inferior,  674 
middle,  674 
superior,  677 

venous  plexus,  676,  677 
surgical  anatomy  of,  674 
Henle,  looped  tubes  of,  1014 
Henle's  layer  of  hair-follicle,  94 
Hepatic  artery,  613,  954 

cells,  954 

duct,  956 

plexus,  839 

veins,  677,  952,  954 
Hernia,  congenital,  1071 

descent  of,  1081 

direct  inguinal,  1071 
dissection  of,  1072 

encysted,  1071 

femoral,  coverings  of,  1081 

of  funicular  process,  1071 

general  remarks  on,  997 

infantile,  1071 

inguinal,  1062 
dissection  of,  1062 

oblique  inguinal,  1069 

scrotal,  1071 
Hesselbach's  triangle,  1072 
Hiatus  Fallopii,  179 
Highmore,  antrum  of,  194 
Hilton's  muscle,  991 
Hilum  of  kidney,  1011 

of  spleen,  961 
Hinge-joint,  318 
Hip-joint,  364 

muscles  of,  516 
in  relation  with,  367 

surface  form  of,  368 

surgical  anatomy  of,  368 
Hippocampus  major,  735 

minor,  732 
Horizontal  plate  of  ethmoid,  187 

of  palate,  199 
Homer's  muscle,  397 
Houston's  valves  of  rectum,  945 
Howship's  lacunse,  55 
Huguier,  canal  of,  177 
Humerus,  249 

anatomical  neck,  fracture  of, 
502 

articulations  of,  254 

attachment  of  muscles  to,  254 

development  of,  254 

head  of,  249 

neck  of,  249 

nutrient  artery  of,  598 

shaft,  fracture  of,  502 
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Humerus,  surgical  anatomy  of, 
255 
tuberosities    of,    greater    and 
lesser,  249 
Humors  of  the  eye,  865 
Hunter's  canal,  632 
Huxley's  layer  of  hair-follicle,  94 
Hyaline  cartilage,  51 
Hyaloid  membrane  of  eye,  866 
Hydatid  ot  Morgagni,  338 
Hymen,  1049 

Hyo-epiglottic  lieament,  987 
Hyo-glossal  membrane,  845 
Hyo-glossus  muscle,  418 
Hyoid  arch  (foetal),  119 
artery    of    superior    thyroid, 

'  557 
bone,  229 
attachment  of   muscles    to, 

229 
comua  of,  229 
development  of,  229 
branch  of  lingual  artery,  555 
region,  muscles  of,  infra-,  413 
supra-,  415 
Hypoblast,  104 
Hypochondriac  regions,  914 
Hypogastric  arteries    in    foetus, 
622,  981 
how  obliterated,  983 
plexus,  839 

inferior,  839 
region,  916 
Hypoglossal  nerve,  786 

surgical  anatomy  of,  788  * 
Hypophysis  cerebri,  729 
of  pituitary  body,  121 

I. 

Ileo-csecal  fossa,  940 

valve,  940 
Ileo-colic  artery,  616 
fossa,  940 
valve,  940 
Ileum,  933 

Iliac  arteries,  common,  620 
peculiarities,  620 
surface  marking  of,  621 
surgical  anatomy  of,  621 
external,  630 
surface  marking  of,  621 
surgical  anatomy  of,  630 
internal,  622 
at  birth,  623 
peculiarity  in  the  foetus, 

623 
surgical  anatomy  of,  623 
fascia,  505 

portion  of  fascia  lata,  505 
fossa,  276 

lymphatic  glands,  690 
re^on,  muscles  of,  505 
veins,  common,  675 
peculiarities  of,  675 
external,  674 
internal,  674 
Iliacus  muscle,  506 
Ilio-costalis  muscle,  436 
Ilio-femoral  ligament,  365 
Ilio-hypogastric  nerve,  813 
Ilio-inguinal  nerve,  813 
Ilio-lumbar  artery,  628 
ligament,  338 
vein,  675 


Hio-))ectineal  eminence,  279 
Ilio-tibial  band,  509,  510 
Ilium,  274 
crest  of,  277 
dorsum  of.  274 
spines,  274 
venter  of,  276 
Impressio  colica,  952 
duodeualis,  952 
renal  is,  952 
Incisive  foramina,  215 

fossa,  193,  204 
Incisor  teeth,  894 
Incisura  intertragica,  874 
cerebelli,  748 
Santorini,  876 
Incremental  lines  of  dentine,  898 
Incus,  881 
development  of,  125 
ligament  of^  881 
suspensory,  881 
Infantile  hernia,  1071 
Inferior  dental  artery,  563 
canal,  205 
maxillarv  bone,  203 

changes  produced  by  age 
in,  206 
meatus  of  nose,  223 
occipital  fossa,  168 
profunda  artery,  598 
turbinated  bones,  202 
articulations  of,  202 
development  of,  202 
ethmoidal  process  of,  202 
lachrymal  process  of,  202 
maxillary  process  of,  202 
vena  cava,  675 
Inferior-posterior  lobe  of  cere- 
bellum, 749 
Infracostal  muscles,  444 
Infraglenoid  tubercle,  247 
Inframaxillary  nerves  from  fa- 
cial, 777 
Infraorbital  artery,  564 
canal,  193 
foramen,  192 
groove,  193 
plexus  of  nerves,  764 
branches  of  facial,  777 
Infraspinatus  muscle,  475 
Infraspinous  fascia,  475 

fossa,  246 
Infratrochlear  nerve,  761 
Infundibula  of  kidney,  1012 
Infundibuliform  fascia,  459, 1068 
Infundibulum  of  brain,  729 
of  cochlea,  885 
of  ethmoid,  189 
of  heart,  973 
Ing^rassias,  processes  o(  185 
Inguinal  canal,  1067 
glands,  deep,  688 

superficial,  688,  1063 
hernia,  1068 

dissection  of,  1062 
region,  916 
Inlet  of  pelvis,  283 
Innominate  artery,  547 
peculiarities  of,  548 
surgical  anatomy  of,  548 
bone,  274 
articulations  of,  280 
attachment    of   muscles   to, 

281 
development  of,  280 


Innominate  veins,  667 

peculiarities  of,  667 
Inorganic  constituents  of  bone,  59 
Inspiration,  muscles  of,  446 
Interarticular  iibro-cartilage,  53 
of  acromio-clnvicular  joint, 

345 
of  jaw,  331 
of  knee,  372,  373 
of  radio-ulnar  joint,  357 
of    stemo-clavicular    joint, 
345 
ligament  of  ribs,  336 
Intercarotid  ganglion,  834 
Intercellular  substance  of  carti- 
lage, 51 
biliary  passages,  955 
Interchondral  ligaments,  3.'t6 
Interclavicular  ligament,  343 
Intercolumnar  fascia,  452,  1064 

fibres,  452 
Intercondyloid  notch,  290 
Intercostal  arteries,  608 
anterior,  609 
superior,  589 
fascia,  444 

lymphatic  glands,  693 
lymphatics,  694 
muscles,  444 
nerves,  810 
spaces,  230 
veins,  superior,  668 
Intercosto-humeral   uerves,  802, 

810 
Interglobular  spaces,  898 
Interlobular  arteries  of  kidney, 
1018 
biliary  plexus,  955 
Intermaxillary  suture,  219 
Intermediate  disk   of  muscular 

tibre,  66 
Intermembranous  ossification,  63 
Internal  abdominal  ring,  996 
annular  ligament,  5<30 
capsule,  734 
carotid  artery,  567 
cutaneous  nerve,  802 
inguinal  hernia,  1069 
mammary  artery,  588 
maxillary  artery,  561 
branches  oi,  562 
peculiarities  of,  561 
surgical  anatomy  of,  563 
mammary  vein,  668 
oblique  muscle,  450 
occipital  crest,  168 
pterygoid  plate,  185 
sphincter,  1011 
Intema'ial  suture,  219 
Intemodia  or  phalanges,  272 
Intemodal  segment  of  nerves,  71 
Interossei     muscles,    dorsal     of 
hand,  498 
of  foot,  536 
palmar,  498 
plantar,  536 
Interosseous  artery  of   foreaim, 
603 
of  foot,  646 
fibro-cartilages,  317 
membrane  of  forearm,  356 

of  leg,  378 
nerve,  anterior,  803 

posterior,  807 
veins  of  forearm,  666 
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Interpeduncular  space  of  brain, 

729 
Interspinales  muscles,  440 
Interspinous  ligaments,  324 
Intertransversaies  muscles,  440 
Intertransverse  ligaments,  324 
Intertubular  stroma  of  kidney, 

1019 
Intervertebral  notches,  147 

foramen,  164 

substance,  322 
Intestine,  development  of,  133 

large,  coats  of,  944 

lymphatics  of,  693 

small,  931 
coats  of,  893 
surface  marking  of,  946 
surgical  anatomy  of,  946 
Intracartilaginous  ossification,  60 
Intralobular  veins,  954 
Intraparietal  fissure,  720 
Intrinsic  muscle  of  tongue,  4l9 
Intumescentia  gangliformis,  774 
Investing  mass  of  Rathke,  118 
Involuntary  muscle,  68 
Iris,  858 

Irregular  bones,  146 
Ischiatic  lymphatic  glands,  688 
Ischio-rectul  fascia,  1092 

fossa,  1084 

position  of  vessels  and  nerves 
in,  1084 

region,  surgical    anatomy  of, 
1083 
Ischium,  277 

body  of,  277 

ramus  of,  278 

spine  of,  277 

tuberof»itv  of,  278 
Island  of  Keil,  721 
Isthmus  of  the  fauces,  903 

of  thvroid  gland,  1007 
Iter  ad  infundibulum,  740 

a  tertio  ad  quartum  ventricu- 
lum,  740 

chordte  anterius,  878 
posterius,  878 
Ivory  of  tooth,  897 

J. 

Jacob's  membrane.  863 
Jacobson's  nerve,  779,  883 

canal  for,  180 

cartilage  of,  850 

organ  of,  850 
Jaw,  lower,  203 

articulations  of,  206 

attachment  of  muscles  to,  206 

changes  produced  in,  bv  age, 
207 

condyle  of,  206 

development  of,  206 

ligaments  of,  329,  830 

oblique  line  of,  204 

pterygoid  fossa  of,  206 

rami  of,  205 

sigmoid  notch  of,  206 

symphysis  of,  203 

upper.     See  MaiiUary  Bone. 
Jejunum,  932 
Joint.     See  Articulations. 
Jugular  foramen,  213 

fossa,  181 

ganglion,  779 


Jugular  process,  168 
surface,  180 
yeiuy  anterior,  656 
external,  655 

surgical  anatomy  of,  655 
internal,  656 
sui^cal  anatomy  of,  657 
sinus  or  gulf  of,  656 
posterior,  external,  656 

K. 

Earyokinesis,  40 
Karyomitoeis,  40 
Kerkring,  valves  of,  933 
Kidney,  1011 

calices  of,  1012 

cortical  substance  of,  1013 

development  of,  135 

ducts  of,  1020 

hilum  of,  1011 

infundibula  of,  1012 

lymphatics  of,  692,  1019 

Malpighian  bodies  of,  1013 

mammillie  of,  1013 

medullary  substance,  1013 

nerves  of,  1018 

papillae  of,  1013 

pelvis  of,  1012 

pyramids  of  Ferrein,  1015 

renal  artery,  618,  1017 

sinus  of,  1012 

surface  marking  of,  1019 

surgical  anatomy  of,  1019 

tubuli  uriniferi,  1014 

veins  of,  677,  1018 

weight  and  dimensions,  1011 
Knee-)oint,  370 

surface  form  of,  377 

surgical  anatomy  of,  377 
Krause*s  membrane,  66 

end-bulbs  of,  76 
Ktihne's  views  on  the  termina- 
tions of  motor  nerves,  78 
Kurschner,     on     structure     of 
heart's  valves,  974 

Labia  cerebri,  731 
pudendi  majora,  1047 
minora,  1048 
lymphatics  of,  691 
Labial  arterv,  558 
glands,  893 
veins,  superior,  654 
inferior,  654 
Labium  tympanicum,  883 

veatibuiare,  884 
Labyrinth,  883 
arteries  of,  889 

fibro-serous  membrane  of,  888 
lachrymal  apparatus,  871 
artery,  570 
bone* 197 

articulations  of,  198 
attachment  of   muscles  to, 

198 
development  of,  198 
canals,  872 
caruncula,  871 
crest,  197 
fossa,  174 
gland,  871 
groove,  194 


Lachrvmal  nerve,  760 
notch,  193 
papilla,  869,  872 
process  of  inferior  turbinated 

bone,  202 
puncta,  872 
sac,  872 
tubercle,  195 
Lacteah^  681,  683,  935 
i  Lactiferous  ducts,  1061 
Lacuna  magna,  1031 
Lacune  of  bone,  58 

Howship's,  55 
Lacus  lacnrymalis,  871 
Lambda,  210 
Lambdoid  suture,  207 
Lamella,  horizontal,  of  ethmoid, 
187 
perpendicular,  of  ethmoid,  188 
of  bone,  articular,  315 
Lamellae  of  bone,  57 
Lamina  cinerea,  728 
of  cornea,  elastic,  854 
cribrosa,  179 

of  sclerotic,  853 
fusca,  853 

spiralis  ossea  of  cochlea,  885 
Buprachoroidea,  857 

membranacea,  887,  note, 
of  the  vertebne,  146 

cerebellum,  749 
vitrea,  857 ' 
Laminae  dorsales,  107 
Laminated  tubercle  of  oerebel- 

lum,  749  ^ 
Lancisi,  nerves  of,  728 
Lanugo  (foetal  hairs),  125 
Large  intestine,  939 
areolar  coat,  945 
caecum,  939 
colon,  941 

ilio-caecal  valve,  940 
mucous  coat,  945 
muscular  coat,  944 
rectum,  943 
serous  coat  of,  944 
Laryngeal  artery,  inferior,  586 
superior,  554 
nerve,  external,  783 
internal,  783 
recurrent,  784 
superior,  783 
surgical  anatomy  of,  784 
from  sympathetic,  833 
pouch,  989' 
veins,  668 
Laryngo-tracheotomy,  996 
Larvngotomy,  996 
Lari'nx,  984 
actions  of  muscles  of,  991 
arteries  of,  992 
cartilages  of,  984 
cavity  of,  988 
glands  of,  992 
interior  of,  987 
ligaments  of,  986 
lymphatics  of,  992 
mucous  membrane  of,  992 
muscles  of,  989 
nerves  of,  992 
rima  ^lottidis,  988 
superior  aperture  of,  987 
surface  form  of,  995 
surgical  anatomy  of,  995 
veins  of,  992 
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Larynx,  ventricle  of,  988    • 
vocal  chords  of,  false,  987 
true,  987 
Lateral  disk  of  muscular  fibre,  66 
horn  of  spinal  cord,  702 
ligaments  of  liver,  950 
roa^fies  of  ethmoid,  188 
region  of  skull,  216 
sinus  of  brain,  660 
tract    of    medulla    oblongata, 
709,711 
Lateralis  nasi  artery,  558 
Latissimus  dorsi  muscle,  432 
Leg,  arteries  of,  641 
bones  of,  293 
fascia  of,  522 

deep  transverse,  526 
ligaments  of,  364 
lymphatics  of,  688 
muscles  of,  522 
back  of,  524 
front  of,  523 
nerves  of,  782 
veins  of,  672 
I^ens,  866 
changes  produced  in,  by  age, 

866 
development  of,  126 
suspensory  ligament  of,  867 
Lenticular  ganglion,  761 
glands  of  stomach,  929 
L^ser  lachrymal  bone,  197 
omentum,  923 
sciatic  nerve,  824 
wings  of  sphenoid,  185 
Levator  anguli  oris,  402 
scapulie,  433 
ani,  461 

glandulae  thyroidie,  1007 
labii  inferioris,  402 
superior  alceque  nasi,  402 
superioris,  402 
menti,  402 
palati,  423 
palpebne,  397 
prostate,  462 
Levatores  costarum,  444 
Lieberkiihn,  crypto  of,  936 
Ligament,  structure  of,  315 
acromio-clavicular,      inferior, 
345 
superior,  345 
alar  of  knee,  374 
of  ankle,  anterior,  379 

lateral,  380 
annular  of  radius,  355 
of  wrist,  anterior,  358 

posterior,  359 
of  ankle,  379 
external,  380 
internal,  380 
of  stapes,  381 
anterior,  of  knee,  370 
arcuate,  446 
aryteno-epiglottic,  986 
astragalo-navicular,  385 
atlanto-axial,  anterior,  325 

posterior,  325 
of  bladder,  false,  1027 

true,  1026 
broad,  of  liver,  949 
calcaneo-astragaloid,  external, 
383 
interosseous,  383 
posterior.  383 


Ligament,  calcaneo-cuboid,  inter- 
nal, 383 
long,  383 
short,  383 
superior,  383 
calcaneo-navicular,      inferior, 
384 
superior,  384 
capsular.  See  Individtud  JoirUs. 
carpo-metacarpal,  dorsal,  359 
interosseous,  300 
palmar,  359 
of  carpus,  359 
central,  of  spinal  cord,  697 
check,  328 
chondro-stemal,  anterior,  336 

posterior,  336 
common    vertebral,    anterior, 
321 
posterior,  321 
conoid,  346 
coraco-acromial,  346 
coraco-clavicular,  345 
coraco-humeral,  348 
coracoid,  347 
coronary  of  liver,  950 
costo-clavicular,  343 
costo-colic,  925 
costo-transverse,  333 
costo-vertebral,  or  stellate,  332 
cotyloid,  366 
crico-arytenoid,  987 
crico-thyroid,  987 
crucial,  of  knee,  371 
cruciform,  326 
deltoid,  380 

dorsal.    See  Individtud  JoinU. 
of  elbow,  351 
anterior,  351 
external  lateral,  352 
internal  lateral,  352 
posterior,  352 
falciform  of  liver,  949 
gastro-phrenic,  926 
Gimbernat's,  450,  1065, 1078 
glenoid,  348 

gloHso-epiglottidean,  986 
of  hip,  364 
hyo-epiglottic,  986 
ilio-femoral,  365 
ilio-lumbar,  338 
of  incus,  881 

interarticular  of  ribs,  333 
interclavicular,  343 
interchondral,  336 
interosseous.      See   Individual 

Joints. 
interspinous,  324 
intertransverse,  324 
intervertebral,  322 
of  jaw,  329 
of  knee,  370 
of  larynx,  986 

lateral.     See  Individual  Joints. 
longitudinal  of  liver,  949 
long  plantar,  383 
Innibo-iliac,  338 
lumbo-siicral,  338 
of  malleus,  881 
metacarpo-phalangeal,  363 
metacarpal,  363 
metatarsal,  387 
metatarso-phalanpoal,  388 
mueosum  of  knee,  370 
nuchfe,  432 


Ligament,  oblique,  356 
obturator,  518 

oocipito-atlantal,  anterior,  327 
lateral,  327 
posterior,  327 
occipito-azial,  328 
odontoid,  328 
orbicular,  355 
of  ossicula,  881 
of  ovary,  1057 
palpebral  or  tarsal,  870 
of  patella,  370 
of  pelvis,  338 
of  the  phalanges,  hand,  364 

foot,  389 
of  the  pinna,  375 
plantar,  387 
posterior  of  knee,  or  posticum 

Winslowii,  370 
Poupart  s,  450,  10«5, 1077 
ptervgo-maxillary,  404 
pubic,  anterior,  342 
posterior,  342 
superior,  342 
pubcHprofitatic,  957 
radio-carpal,  357 
radio-ulnar  joint,  inferior,  357 
middle,  357 
superior,  357 
recto-uterine,  1052 
rhomboid,  343 
round,  of  uterus,  1059 
of  liver,  950 
of  radius  and  ulna,  356 
of  hip,  365 
sacro-coccygeal,  anterior,  341 

posterior,  341 
sacro-iliac,  anterior,  339 
oblique,  339 
posterior,  339 
sacro-sciatic,  greater,  339 

lesser,  340 
sacro-uterine,  1052 
sacro-vertebral,  338 
of  scapula,  346 
scapulo-clavicular,  345 
of  shoulder,  347 
stellate,  332 
stemo-clavicular,  anterior,  343 

posterior,  343 
of  sternum,  333 
stylo-maxillary,  330 
subpubic,  342 
supraspinous,  324 
suspensory,  of  incus,  881 
of  lens,  867 
of  liver,  949 
of  malleus,  881 
of  mamma,  468 
of  penis,  964 
of  spleen,  1034 
sutural,  315 
tarsal,  of  eyelids,  870 
tarso-raetatarsal,  386 
of  tarsus,  382 
teres,  of  hip,  466 
of  thumb,  361 
thyro-arytenoid,  inferior,  988 

superior,  988 
thyro-epiglottio,  986 
thyro-hyoid,  987 
tibio-fibula,  380 
tibio-tarsal,  379 
transverse,  of  atlas,  325 
of  hip,  363 
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Ligament,  transverse,  of  knee,  373 

of  scapula,  347 
trapezoia,  346 
triangular,  of  urethra,  1086 
of  tympanic  bones,  881 
of  uterus,  1052 
of  vertebrsp,  322 
vesico-uterine,  1052 
of  Winslow,  370 
of  wrist,  anterior,  358 

lateral  external,  358 

lateral  internal,  358 

posterior,  359 
of  Zinn,  399 
Ligamenta  alaria,  374 
subflava,  323 

suspensoria  of  mamma,  468 
Ligamentum    arcuatura    exter- 
num, 447 

internum,  446 
denticulatum,  697 
latum  pulmonis,  997 
mucosum,  374 
nucha?,  432 
patellar,  370 
pectinatum  iridis,  858 
posticum  Winslowii,  370 
spirale,  887 
suspensoriura,  328 
teres,  366 
Ligature  of  arteries.     See  each 

Liipbs,  development  of,  126 
Limbus  laminae  spiralis,  886 

luteus,  860 
Linea  alba,  457 

aspera,  288 

ilio-iiectinea,  276 

quadrati,  288 

splendens,  696 

suprema,  166 
Lineffi  semilunares,  458 

transversse  of  abdomen,  458 
Lingual  artery,  555 

surgical  anatomy  of,  555 

bone,  229 

ganglion,  834 

nerve,  769 

veins,  656 
Lingualis  muscle,  inferior,  420 
superior,  419 
transverse,  420 
vertical,  420 
Lingula,  750 

of  sphenoid,  183 
Lips,  892 

arteries  of,  558 
Liquor  amnii,  112 

Cotunnii,  888 

Scarpa-,  889 

sanguinis,  36 
Lithotomy,   parts  concerned  in 
operation  of,  1089 
avoided  in  <»peration,  1089 
divided,  1089 
Littr^,  glands  of,  1U31 
Liver,  948 

changes  of  position  in,  957 

development  of,  IIU 

distribution  of   vessels   to,  in 
ftptus,  981 

ducts  of,  9'V) 

fibrous  foat  of,  953 

fissures  of,  9")0 

hepatic  artery,  613,  954 


Liver,  cells,  954 
duct,  956 
veins,  677,  974 
ligaments  of,  949 
coronary,  950 
lateral,  950 
longitudinal,  949 
round,  950 
lobes  of,  952 
lobules  of,  952 
lymphatics  of,  692 
nerves  of,  839 
portal  vein,  677 
situation,  size,  and  weight,  948 
structure  of,  953 
surface  marking  of,  957 
in  surfaces  and  borders,  949 
surgical  anatomy  of,  958 
vessels  of,  952 
Lobe,  central,  721 
cnneate,  723 
frontal,  718 
marginal,  722 
occipital,  721 
orbital,  719 
parietal,  719 
quadrate,  723 
temporo-sphenoidal,  721 
uncinate,  723 
Lobes  of  cerebrum,  717 
of  cerebellum,  748 
ofkidnev,  1012 
of  liver, "950 
of  lung,  1002 
of  prostate,  1033 
of  testis,  1042 
of  thymus,  1009 
of  thyroid,  1007 
Lobule  of  the  ear,  874 
Lobules  of  liver,  952 
of  kidney,  1012 
of  lung,  1003 
Lobuli  testes,  1042 
Lobulus  Spigelii,  952 
Lobus  caudatus,  952 

quadratus,  952 
Locus  cceruleus,  753 

niger,  730 
Long  bones,  145 

saphenous  nerve,  818 
Longissimus  dorsi  muscle,  438 
Longitudinal    fissure,  of    brain, 
716,  728 
of  liver,  950 
ligament  of  liver,  950 
sinus  of  brain,  superior,  659 
inferior,  660 
Longus  colli  muscle,  427 
Looped  tubes  of  Henle,  1015 
Lower  extremity,  arteries  of,  632, 
633 
bones  of,  274 
fascia  of,  504 
ligaments  of,  364 
lymphatics  of,  688 
muscles  of,  504 
nerves  of,  812 
surface  form  of,  537 
veins  of,  672 
Lower,  tubercle  of,  972 
Lumbar  arteries,  619 
fascia,  4li") 
ganglia,  S.So 
glands.  iWn) 
nerves,  Si  1 


Lumbar,  anterior  divisions  of,  812 
posterior  divisions  of,  812 
roots  of,  811 

plexus  of  nerves,  813 

region,  916 

surgical  anatomy  of,  827 

vein,  ascending,  676 

veins,  676 

vertebne,  153 
development  of,  156 
Lumbo-iliac  ligament,  338 
Lumbo-sacral  ligament,  338 

nerve,  812 
Lumbrioales  muscles,  hand,  498 

foot,  534 
Lungs,  1001 

air>cells  of,  1003 

bronchial  arteries,  1004 
veins,  1004 

capillaries  of,  1003 

development  of,  135 

in  fcetus,  981 

lobes  and  fissures  of,  1001 

lobules  of,  1003 

lymphatics  of,  694,  1004 

nerves  of,  1004 

pulmonary  artery,  1003 
veins,  1004 

root  of,  1002 

structure  of,  1002 

surface  marking,  1004 

weight,  color,  etc.,  1002 
Lnnulte  of  nails,  92 
Luschka's  gland,  619 
Lymph,  37 

path  or  sinus,  88 
Lymphatic  duct,  right,  683 

§  lands,  ^neral  anatomy  of,  87 
escriptive  anatomy,  anterior 
mediastinal,  693 

auricular  posterior,  683 

axillary,  686 

brachial,  686 

bronchial,  694 

buccal,  683 

cervical,  deep,  685 
superficial,  685 

in  front  of  elbow,  686 

gluteal,  688 
of  head,  683 
iliac,  external,  689 

internal,  690 
inguinal,  deep,  688 
superficial,  688 
intercostal,  693 
internal  mammary,  693 
ischiatic,  688 
of  large  intestine,  693 
of  lower  extremity,  688 
lumbar,  690 
of  neck,  686 
occipital,  683 
parotid,  683 
of  pelvis,  689 
popliteal,  688 
radial,  686 
sacral,  690 

of  small  intestines,  693 
of  spleen,  692 
of  stomach,  692 
submaxillary,  683 
of  thonrx,  693 
tibial  anterior,  688 
ulnar,  686,  687 
of  upjKjr  extremity,  686 
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Lymphatic,  zygomatic,  683 
Lymphatics,  general  anatomy  of, 
85 
origin  of,  86 
plexus  of,  86 

subdivision  into  deep  and  su- 
perficial, 681 
terminations  of,  87 
valves  of,  86 
descriptive  anatomy: 

abdomen,  689 

arm,  686 

bladder,  691 

bone,  56 

broad  ligaments,  691 

cardiac,  694 

cerebral,  684 

cervical,    superficial    and 
deep,  685 

chest,  694 

of  clitoris,  691 

of  cranium,  684 

diaphragm,  694 

face,  superficial,  684 
deep,  684 

Fallopian  tubes,  691 

gluteal  region,  691 

head,  superficial,  683 

heart,  694 

intercostal,  693 

internal  mammary,  694 

intestines,  693 

kidneys,  692 

labia,  692 

lacteals,  693 

large  intestine,  693 

leg,  688 

liver,  692 

lower  extremity,  688 

lung,  694 

lymphatic  duct,  683 

meningeal,  684 

mouth,  684 

neck,  685 

nose,  684 

nymphte,  691 

oesophagus,  694 

ovaries,  692 

pancreas,  692 

pelvis,  689 

penis,  691 

perinseum,  691 

pharynx,  685 

pia  mater,  684 

prostate,  691 

rectum,  691 

scrotum,  691 

small  intestine,  693 

spleen,  692 

stomach,  692 

testicle,  692 

thoracic  duct,  682 

thorax,  693 

thymic,  694 

thvroid,  694 

upper  extremity,  686 
deep,  686 
superficial,  687 

uterus,  691 

vagina,  691 
Lymphoid  connective  tissue,  48 

of  tongue,  845 

of  tonsil,  912 
Lyra  of  fornix,  737 


M. 

Macula  cribrosa,  883 
fferminativa,  100 
lutea,  864 
Magnum  of  carpus,  268 
Majendie,  foramen  o^  696 
Malar  bone,  198 

articulations  of,  199 
attachment    of   muscles  to, 

199 
development  of,  199 
frontal  process  of,  198 
maxillary  process  of,  199 
orbital  process  of,  198 
zygomatic  process  of,  199 
canals,  198 

nerves,  from  facial,  777 
process  of  superior  maxillarv, 
194 
Male  urethra,  1030 
Malleolar  arteries,  external  and 

internal,  645 
Malleolus,  external,  299 

internal,  299 
Malleus,  880 
development  of,  325 
suspensory  ligament  of,  881 
Malpighi,  pyramids  of,  1013 
Malpighian    bodies  of   kidnev, 
1013 
capsules,  1013 
corpuscles  of  spleen,  964 
tufts,  1013 
Mamma,  areola  of,  1060 
lobules  of;  1061 
nerves  of,  1061 
nipple  or  mamilla  of,  1060 
vessels  of,  1061 
Mammse,  development  of,  125 
Mammary  artery,  internal,  688 
glands,  1060 
lymphatic  glands,  683 
veins,  internal,  668 
Mam  nulla  of  breast,  1061 

of  kidney,  1013 
Mamniillary  processes,  154 
Mandibular  arch,  119 
Manubrium  of  sternum,  230 

of  malleus,  880 
Marginal  lobe,  723 
Marrow  of  bone,  55 
Marshall,  vestigial  fold  of,  668 
Masseter  muscle,  405 
Masseteric  arteries,  564 
nerve,  768 
veins,  654 
Mastoid  cells,  178 

openings  of,  878,  879 
foramen,  177 

portion  of  temporal  bone,  177 
process,  178 
vein,  655 
Masto-occipital  suture,  209 
Masto-parietal  suture,  209 
Matrix  of  nail,  92 
Maxillary  arch,  foetal,  119 
artery,  internal,  561 
bone,  inferior,  203 

superior,  191 
development  of,  196 
nerve,  inferior,  767 

superior,  763 
process  of  inferior  turbinated, 
202 


Maxillarv  process  of  malar  bone, 
199 
processes  (fodtal),  119 
sinus,  192 
tuberosity,  192 
vein,  internal,  654 
Meatus  auditorius  extemus,  179 
intemus,  179 
of  nose,  inferior,  223,  850 

middle,  223,  850 
superior,  223,  850 
urmarius,  male,  1031 
female,  1049 
Meatuses  of  the  nose,  223,  850 
Meckel's  cartilage,  120 
diverticulum,  933 
ganglion,  766 
Median  artery  of  forearm,  605 
of  spinal  cord,  586 
nerve,  802 

surgical  anatomy  of,  807 
vein,  665 

disk  of  Hensen,  67 
Mediastinal  arteries,  from  inter- 
nal mammary,  588 
posterior,  from  aorta,  608 
lymphatic  glands,  653 
Mediastinum,  anterior,  1000 
middle,  1000 
posterior,  1000 
superior,  1000 
testis,  1041 
Medio-tarsal  joint,  381 
Medulla  oblongata,  708 
arcuate  fibres  of,  710 
back  of,  711 
fissures  of,  708 
/ormatio  reticularis  of,  712 
funiculus  cuneatus,  711 
of  Rolando  of,  711 
gracilis  of,  711 
gray  matter  of,  713 
lateral  column,  709 

tract,  710 
olivary  body,  709,  711 
pvramids,  709 
raphe  of,  712 
restiform  bodies,  710,  711 
structure  of,  711 
spinalis,  697 
Medullary  canal  of  bone,  62,  145 
formation  of,  63 
of  spine,  development  of,  120 
membrane  of  bone,  54 
plates,  107 

sheath  of  nerve-fibres,  71 
spaces  of  bone,  61 
of  kidney,  1012 
of  suprarenal  capsules,  1022 
velum,    posterior    of   cerebel- 
lum, 749 
superior,  750 
Medullated  nerve-fibres,  70 
Medullo-spinal  veins,  670 
Meibomian  glands,  870 
Meissner's  plexus,  939 
Membrana  basilaris,  886 
fusca,  853 
granulosa,  of  Graafian  vesicle, 

1058 
limitans  of  retina,  861 
nictitans,  870 
pupilJaris,  860 
sacciforniis,  362 
tectoria,  886    • 
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Meiubraoa  tympani,  880 

secTiudaria,  885 
Membrane  of  aqueous  chamber, 
855 

arachnoid,  spinal,  696 

cerebral,  705 

choroid,  856 

of  Corti,  886 

costo-coracoid,  470 

crico-thyroid,  987 

of  Descemet,  854 

fenestrated,  81 

hyaloid,  865 

Jacob's,  863 

limiting,  861 

pituitary,  850 

pupillary,  860 

of  Keiss'ner,  886 

Schneiderian,  850 

thyro-hyoid.  987 
Membranes  of  spinal  oord,  695 

of  brain,  704 
Membranous  labyrinth,  888 

portion  of  urethra,  1030 

semicircular  canals,  888 
Meningeal  artery,  from  ascending 
pharyngeal,  560 

anterior,  from  internal  carotid, 
570 

lymphatics,  684 

middle,  from  internal  maxil- 
lary, 562 
from  occipital,  559 

posterior,  from  vertebral,  584 

small,   from    internal    maxil- 
lary,  563 

veins,  656, 704 
Meninges.     See  Manbranes. 
Menisci,  52 
Mental  foramen,  204,  219 

process,  204 

tubercles,  204 
Mesencephalon,  121 
Mesenteric  artery,  inferior,  616 
superior,  615 

glands  693 

plexus  of  nerves,  inferior,  839 
superior,  839 

vein,  inferior,  677 
superior,  677 
Mesenteries,  867 
Mesoblast,  104 
Mesoblastic  somites,  107 
Mesocaecum,  924 
Mesocolon,  ascending,  924 

descending,  924 

transverse,  925 
Mesoderm,  104 
Mesonephros,  135 
Mesorchium,  13S 
Mesoreotum,  925 
Mesosternum,  231 
Mesovarium,  138 
Metacarpal  artery,  602 

articulations,  3G3 
Metacarpo-phalan^eal    articula- 
tions,  363 
Metacarpus,  21)9 

common  cliaracters  of,  269 

development  of,  274 

peculiar  Ixmes  of,  271 
Motanepheros,  135 
Metatarsjd  articulations,  387 

artery,  (»4() 

bones,  308 


Metatarso-phalangeal      articula- 
tions, 388 
Metatarsus,  308 

development  of,  311 
Metasternum,  231 
Metencephalon,  121 
Middle    and    internal     frontal 

artery,   574 
Middle  cliuoid  processes,  182 

ear,  or  tympanum,  878 

fossa  of  skull,  212 

meatus,  223,  850 
Mid-frontal  process  (foetal),  119 
Milk  teeth,  896 
Mitral  valve,  977 
Mixed  bones,  146 

lateral  column,  701 
Modiolus  of  cochlea,  885 
Mohl,  glands  of,  869 
Molar  glands,  894 

teeth,  895 
Monro,  foramen  of,  740 
Mons  Veneris,  1045 
Morgagni,  hydatid  of,  138 

sinus  of,  422 
Motor  nerves,  78 

oculi  nerve,  757 

surgical  anatomy  of,  758 
Motorial  end-plates,  87 
Mouth,  892 

mucous  membrane  of,  892 

muscles  of,  402 

surface  form  of,  909 
Movement    admitted    in  joints, 

318 
Mucilaginous  glands,  316 
Mucoid  cellular  tissue,  48 
Mucous  glands  of  tongue,  844 

membrane,  97 
Muller,  duct  of,  135 

fibres  of,  864 
Multicuspidati  teeth,  895 
Multifidus  spinse  muscle,  440 
Muscle,  general  anatomy  of,  64 

of  animal  life,  64 

arrangement  of  fibres  of,  65 

bipenniform,  390 

blood-vessels  of,  67 

chemical  composition  of,  68 

derivation  of  names,  390 

development  of,  126 

fasciculi  of,  65 

fibres  of,  65 

fibrils  of,  65 

form  of,  390 

fusiform,  390 

involuntary,  68 

lymphatics  of,  68 

meaning  of  the  terms  "  origin  " 
and  "  insertion,"  391 

mode  of  connection  of,  with 
bone,  cartilage,  skin, 
etc.,  391 

nerves  of,  68,  78 

of  organic  life,  78 

pen ni form,  390 

quadrilateral,  390 

rhomboidal,  390 

sarcous  elements  of,  66 

sheath  of,  ijo 

size  of,  390 

striped,  65 

structure  of,  65 

tendons  of,  391 

triangular,  390 


Muscle,  unstriped,  68 

voluntary,  64 
Muscles  or  muscle,   descriptive 
anatomy :   of  abdomen, 
449 
abductor  minimi  digiti  (hand  i, 
496 

(foot ),  533 

indicis,  498 

pollicis  (handj,  494 

tiallucis,  532 
accelerator  u rinse,  463 
aocessorii  orbicularis  oris,  403 
accessorius  pedis,  534 

ad  ilio-costalem,  438 
adductor  brevis,  514 

longus,  514 

magDus,  515 

obllquus  pollicis  (hand),  495 

transversus  pollicis,  495 

obliquus  hallucis,  535 

transversus  hallucis,  535 
anconeus,  488 
antitragicus,  876 
arytieno-e[)iglottideus,  inferior, 
991 

superior,  991 
ar^^ienoideus,  990 

rectus,  990 
attollens  aurem,  396 
atirahens  aurem,  395 
azygos  uvulee,  424 
biceps  (arm),  478 

(thigh),  520 
hi  venter  cervicis,  439 
brachialis  anticus,  479 
buccinator,  404 
cervical  is  ascendens,  438 
chondro-glossus,  418 
ciliary  of  eye,  860 
circumflexus  (lalati,  424 
coccygeus,  462 
complexus,  439 
compressor  narium  minor,  401 

nasi,  401 

sacculi  laryngis,  991 

urethne,  467 
in  female,  1090 
constrictor  isthmi  faucium,  418 

pharyngeus  inferior,  421 
mediiis,  422 
superior,  422 
coraco-brachialis,  478 
corrugator  supercilii,  397 
of  cranial  region,  393 
crem aster,  454 

crico-arvtaenoideus      lateralis, 
990 

posticus,  9S9 
crico-thyroid,  989 
crureus,  511 
cutis  ani,  460 
deltoid,  473 
depressor  angnli  oris,  403 

alae  nasi,  4()1 

epiglottidis,  926 

labii  inferioris,  403 
diaphragm.  446 
digastric,  415 
dilatator  naris,  anterior,  401 

posterior,  401 
erector  clitoridis,  467 

penis,  464 

spinse,  436 
of  external  ear,  396 


INDEX, 


1113 


Muscles    or    muscle,     external 
sphincter,  460 
extensor  brevis  digitoruni,  532 
carpi  radial  is  brevior,  486 
longior,  486, 
ulnaris,  488 
coccygis,  440 
digitorum  communis,  487 
indicis,  490 
longus  digitorum,  523 

poUicis,  490 
minimi  digiti,  487 
ossi  metacarpi  poUicis,  488 
brevis  pollicis,  490 
primi  internodii  pollicis,  490 
proprins  hallucis,  523 
of  face,  396 

femoral  region,  anterior,  507 
internal,  513 
posterior,  520 
fibular  region,  529 
flexor  accessor!  us,  534 

brevis  minimi  digiti  (hand), 
498 
(foot),  535 
hallucis,  534 
digitorum,  532 
pollicis  (hand),  494 
carpi  radialis,  481 

ulnaris,  482 
digitorum  sublimis,  482 
longus  digitorum,  528 
hallucis,  527 
pollicis  (hand),  484 
oasis  metacarpi  pollicis,  494 
profundus  digitorum,  483 
gastrocnemius,  524 
gemellus  superior,  519 

inferior,  519 
genio-hyo-glossus,  417 
genio^hjoid,  416 
gluteus  maximus,  516 
medias,  517 
minimus,  518 
graculis,  513 
of  hand,  494 
of  head  and  face,  392 
helicis,  major,  876 

minor,  876 
Hilton's,  991 
of  hip,  516 
Homer^s,  397 
hyo-glossus,  418 
iliac  region,  505 
iliacus,  506 
ilio-costalis,  436 
infracostal,  444 
infraspinatus,  475 
intercostal,  443 
internal  sphincter,  461 
interossei  of  foot,  536 

of  hand,  498 
interspinales,  440 
inter  trans  versales,  440 
labial,  402 
of  larynx,  989 
latissimus  dorsi,  432 

of  leg,  522 
levator  anguli  oris,  402 
ani,  416 

glandulae  thyroideae,  1007 
labii  inferioris,  402 
superioris,  398 
superioris    alteque     nasi, 
401 


Muscles  or  muscle,  labii  menti, 
402 

palati,  423 

palpebre,  397 

prostatic,  462 
levatores  costarum,  444 
lingual  is,  417 
longissimus  dorsi,  438 
longus  colli,  427 
lumbricales  (hand),  498 

(foot),  534 
masseter,  405 
multifidus  spina*,  440 
musculus  accessorius  ad  ilio- 

oostalem,  438 
mylo-hyoid,  416 
naso-labialis,  401 
of  neck,  408 
obliquus  auris,  876 

abdominus  externus,  450 
internus,  453 

capitis  superior,  441 
inferior,  441 
obturator,  extemus,  520 

internus,  518 
occipito-frontalis,  393 
oculi,  inferior,  400 

superior,  399 
omo-hyoid,  414 
opponens  minimi  digiti,  497 

pollicis,  494 
orbicularis  oris,  403 

palpebrarum,  396 
palate,  423 
palato-glossus,  424 
palato-pharyngeus,  424 
palmaris  brevis,  496 

longus,  482 
pectineuH,  513 
pectoralLs,  major,  469 

minor,  471 
of  perineum,  male,  460 

female,  466 
peroneus  brevLs,  529 

longus,  529 

tertius,  524 
of  pharj^nx,  421 
plantaris,  526 
platysma  myoides,  408 
popliteus,  526 
pronator  quadratus,  485 

radii  teres,  481 
psoas  magnus,  506 

parvus,  506 
pterygoid,  internal,  407 

external,  406 
pyramidalis  abdominis,  457 

nasi,  401 
pyriformis,  518 
quadratus  femoris,  519 

lumborum,  460 

menti,  403 
quadriceps  extensor  cruris,  51 1 
rectus  abdominis,  455 

capitis  anticis  major,  426 
minor,  426 

femoris,  511 

lateralis,  427 

oculi,  cxternus,  superior,  in- 
ferior, and  internus,  399 

posticus  major,  441 
minor,  441 
retrahens  an  rem,  396 
rhoraboides  major,  433 

minor,  433 


Muscles  or  muscle,  risorius,  404 
rotatores  spins,  440 
sacro-lumbalis,  436 
salpingo-pharyngeus,  424 
sartorius,  510 
scalenus  anticus,  427 

medius,  427 

posticus,  428 
scapulfc,  433 
semimembranosus,  521 
semispinal  is  dorsi,  439 

colli,  439 
semitendinosus,  521 
serratus  magnus,  472 

posticus,  superior,  434 
inferior,  434 
sole  of  foot,  532 

first  layer,  532  ^ 

fourth  layer,  536 

second  layer,  534 

third  layer,  534 
soleus,  525 
sphincter,  external,  461 

internal,  461 

vaginse,  466 
spinalis  dorsi,  438 

colli,  438 
Bplenius,  435 

capitis,  435 

colli,  43*5 
stapedius,  882 
sterno-cleido-mastoid,  411 
sterno-hyoid,  413 
stenio-thyroid,  413 
stylo-glossus,  418 
stylo-hyoid,  415 
stylo-pharyngeus,  422 
subanconeus,  480 
subclavius,  471 
subcrureus,  512 
subscapularis,  474 
supinator  brevis,  488 

longus,  485 
BUpraspinales,  440 
supraspinatus,  475 
temporal,  405 
tensor-palati,  424 

tarsi,  397 
tympani,  882 

vaginse  femoris,  510 
teres  major,  476 

minor,  476 
thyro-arytwnoideus,  090 
thyro-epiglottidcus,  991 
thyro-hyoid,  413 
tibialis  anticus,  523 

}X)sticus,  528 
of  tongue,  418 
trachelo-mastoid,  438 
tragicus,  876 
transversaiis  abdominis,  455 

colli,  438 
transversus  auriculie,  876 

perinsei,  612 
(female),  466 

profundus,  1090 
trapezius,  430 
triangularis  stcrni,  444 
triceps,  extensor  cubiti,  479 

extensor  cruris,  511 

femoralis,  512 
of  tympanum,  882 
of  ureters,  1028 
vastus  extcrnus,  511 

internus  and  crureus,  512 
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Muscles  or  muscle,  zygomaticus 
major,  402 
minor,  402 
Muscles  of  inspiration  and  ex- 
piration. 446 
Muscular  columns,  66 

fibres  of  heart,  67 
Muscularis  mucosae,  97 
Musculi  papillares,  left  ventricle, 
977 
right,  974 
pectinati  in  left  auricle,  976 
in  right,  973 
Musculo-ciitaneous  nerve  of  arm, 
801 
from  peroneal,  827 
Musculo-spiral  groove,  252 
surgical  anatomy  of,  807 
nerve,  805 
Musculo-phrenic  artery,  588 
Musculus    accesisorius    ad    ilio- 
costalem,  436 
suspensorius  duodeni,  932 
Myelo-plaques,  55 
Mylo-hyoia  artery,  563 
groove,  205 
muscle,  416 
nerve,  769 
ridge,  205 
Myrtiform  fossa,  192 

Nails,  92 

Nares.  anterior,  224,  849 
posterior,  224,  849,  910 
septum  of,  223,  848 
Nasal  angle,  191 
artery,  of  internal  maxillary, 
564 
of  ophthalmic,  572 
of  septum,  558 
bones,  191 

articulations  of,  191 
development  of,  191 
cartilages,  848 
crei^t,  191 
duct,  873 
eminence,  173 
fossjp,  221,849 
arteries  of,  851 
mucous  membrane  of,  850 
nerves  of,  851 
surgical  anatomy  of,  852 
veins  of,  851 
groove,  191 
nerve,  760 
nerves  from  Meckel's  ganglion, 

765 
notch,  173 
process,  194 
spine,  173 
anterior,  196,  219 
posterior,  198 
venous  arch,  653 
Nasion,  219 

Nasmyth's  membrane,  900 
Naso-maxillary  suture,  219 
Naso-palatine  nerve,  705 
Nates  of  brain,  741 
Navicular  bone,  306 

articulations  of,  307 
attachment   of    muscles   to, 

307 
tuberosity  of,  306 


Neck,  glands  of,  685 
lymphatics  of,  685 
muscles  of,  408 
triangle  of,  anterior,  565 

()Osterior,  567 
veins  of,  655 
Nerve-corpuscles,  69 
Nerve-epithelium  cells,  78 
Nerves,  general  anatomy  of,  73 
oerebro-spinal,  73 
endoneurium,  74 
epineurium,  74 
funiculi  of,  73 
origin  of,  75 
perineum,  74 
plexus  of,  75 
sheath  of,  74 
spinal  roots  of,  789 
sympathetic,  75 
termination  of,  75 
vessels  of,  74 
Nerves  or  nerve,  descriptive  an- 
atomy of:  abducens.  772 
accessory  obturator,  816 
anterior  crural,  817 
auditory,  778 

auricular,  posterior,  775 
of  vagus,  783 

auricularis  magnus,  794 

of  auriculo-temporal,  768 

of  second  cervical,  790 

of  small  occipital,  793 
of  brachial  plexus,  796 
buccal,  768 

of  facial,  777 
cardiac,  834 

inferior,  834 

middle,  834 

plexus,  deep,  836 
superficial,  836 

of  pneumogastric,  781 

superior,  833 
cavernous,  of  penis,  840 
cervical,  anterior,  792 

posterior,  790 

superficial,  793 
cervico-facial,  777 
chorda  tympani,  775,  883 
ciliary,  long,  763 

short,  763 
circumflex,  801 
coccygeal,  820 
cochlear,  890 
communicans  hypogloesi,  795 

peronei,  825 
of  Cotunnius,  767 
cranial,  754 
crural  anterior,  817 
cutaneous.    See  Oiot  heading, 
deep  palmar,  805 

temjwral,  768 
dental  anterior,  765 

inferior,  769 

posterior,  764 
descendens  hypoglossi,  788 
digastric,  from  facial,  776 
digital  (foot),  825 
dorsal  (iiand),  808 

peculiar,  811 

of  penis.  823 

spinal,  SOS 
dorsi-lumbar,  811 
of  dura  mater,  705 
eighth  pair,  778 
eleventh  pair.  785 


Nerves  or  nerve  of  eveball,  756 
facial,  773 
fifth,  759 
fourth,  759 
frontal,  760 
ganglionic    branch    of   nasal, 

761 
gastric  branches  of  vagus,  839 
genito-crural,  814 
glofiso-pharyngeal,  778 
gluteal,  inferior,  823 

superior,  823 
great  petrosal,  766 
great  splanchnic,  835 
gustatory,  769 
hemorrhoidal,  inferior,  823 
of  heart.     See  Cardiac, 
hepatic,  839 
hypc^lossal,  786 
ilio-hypogastric,  813 
ilio-inguinal,  813 
incisive,  769 
inferior  maxillary,  767 
inframaxillary,  of  facial,  777 
infraorbital,  of  facial,  777 
infratrochlear,  761 
intercostal,  810 
intercosto-humeral,  811 
interosseous,  anterior,  803 

posterior,  807 
ischiadic,  great,  824 

small,  824 
Jacobson's,  779 
labial,  765 
of  labyrinth,  889 
lachrymal,  760 
of  Lancisi,  728 
large  cavernous,  840 
laryngeal,  external,  783 

internal.  783 

recurrent,  784 

superior,  783 
leaser  splanchnic,  835 
lingual  of  fifth,  769 

of  glosso-pharyngeal,  781 
long  ciliary,  761 

saphenous,  818 

thoracic,  797 
lumbar,  811 
lumbo-eacral,  812 
malar  branch  of  orbital  nerve, 
764 

of  facial,  777 
masseteric,  768 
maxillary,  inferior,  767 

superior,  763 
median,  802 
menUl,  769 
middle  cardiac,  834 
motor  of   the    eye,  common, 
757 
external,  770 
musculo-cutaneous,  of  arm,  801 

leg,  827 
musculo-spiral,  805 
mylo-jiyoid,  769 
nasal,  ophthalmic,  760 

from  Meckel's  ganglion,  765 

from  Vidian,  766 
naso-palatine,  767 
ninth,  778 
obturator,  816 
occipital,  great,  790 

small,  793 

of  facial,  776 
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Nerves  or  nerve,  occipital,   of 
third  cervical,  792 
opsophageal,  784 
olfactory,  754 
ophthalmic,  759 
optic,  755 

orbital  nerves,  their  relation, 
772 

in  cavernous  sinus,  772 

in  orbit,  773 

in  sphenoidal  fissure,  772 

of  superior  maxillary,  763 
palatine,    anterior    or    large, 
766 

external,  766 

posterior  or  small,  766 
palmar,  cutaneous,  of  median, 
803 

ulnar,  804 
palpebral,  765 
par  vagum,  781 
pathetic,  758 
perforans  Casserii,  801 
perinea],  823 

superficial,  823 
peroneal,  826 

petrosal,  superficial,  external, 
or  large,  766 ;  small,  779 

deep  large,  766 

deep  small,  779 

long,  779 
pharyngeal,  of  external  laryn- 
geal, 783 

of  fflosso-pharyngeal,  781 

of  Meckel's  ganglion,  767 

of  pneumogHStric,  783 

of  sympathetic,  833 
phrenic,  795 
plantar,  cutaneous,  825 

external,  826 

internal,  825 
pneumoeastric,  781 
popliteal,  external,  826 

internal,  824 
portia  inter  duram  et  mollem, 

/  I  6 
portia  dura,  773;  mollis,  773 
posterior  auricular,  775 
pterygoid,  767,  768 
ptery go-palatine,  767 
pudendal,  inferior,  824 
pudic,  823 

pulmonary,  from  vagus,  784 
radial,  806 
recurrent  laryngeal,  784 

to  tentorium,' 758 
renal  splanchnic,  835 
respiratory,  external,  798 

internal,  795 
sacral,  819 

plexus,  821 
saphenous,  long    or  internal, 
818 

short  or  external,  825 
sciatic,  great,  824 

small,  824 
short  ciliary,  761 
sixth,  772 

small  cavernous,  840 
spinal,  789 

accessory,  785 
splanchnic,  great,  835 

small,  835 
smallest,  835 
stylo-hyoid  of  facial,  776 


Nerves  or  nerve,  subclavian,  798 
suboccipital,  790 

posterior  branch  of,  790 
subscapular,  800 
superficialis  colli,  794 
superior  cardiac,  834 

maxillary,  763 
supra-acromial,  795 
supraclavicular,  795 
supramaxillary  of  facial,  777 
supra-orbital,  761 
suprascapular,  800 
suprasternal,  795 
supratrochlear,  760 
sympathetic,  828 
temporal,  deep,  768 
of  facial,  776 
of  auriculo-temporal,  768 
temporo-facial,  776 
temporo- malar,  764 
tenth,  781 

third,  or  motor  oculi,  757 
thoracic  anterior,  800 

posterior,  797 
thyro-hyoid,  788 
tibial,  anterior,  827 

posterior,  825 
of  tongue,  846 
tonsillar,  781 

trifacial  or  trigeminus,  759 
trochlear,  759 
twelfth,  786 

tympanic    of     glosso-pharyn- 
geal,  779,  882 
of  facial,  775 
ulnar,  804 
uterine,  840 
vaginal,  840 
vngus,  781 
vestibular,  890 
Vidian,  766 
of  Wrisberg,  802 
Nervi-nervorum,  74 
Nervous     substance,     chemical 
analysis,  72 
grajr,  69 
vesicular,  69 
white,  70 
layer  of  retina,  861 
system,   general   anatomy    of, 

69 
fibrous  nervous  matter,  70 

ganglia,  79 
gelatinous  fibres,  69,  72 
gray  or  cineritious  substance, 

69 
sympathetic,  72 

composition  of,  72 
vesicular  nervous  matter,  69 
white  or  medullary  substance, 
70 
Nervus  cardiacus  magnus,  834 
minor,  834 
petrosus  profundus,  766 
superficialis  cordis,  833 
Neural  crest,  122 
Neurilemma,  71,  note. 

of  cord,  697 
Neumann,  dentinal    sheath    of, 

898 
Neuroblasts,  122 
Neuroglia,  73 
of  cord,  700 
Nidus  hirundinis,  of  cerebellum, 
749 


Ninth  nerve.  778 

Nipple,  1061 

Nodes  of  Ranvier,  72 

Nodule  of  cerebellum,  749 

Non-medullated  nerve-fibres,  72 

Nose,  847 

arteries  of,  849 

bones  of,  191 

cartilage  of  septum  of,  848 

cartilages  of,  848 

development  of,  125 

fossae  of,  221,  849 

mucous  membrane  of,  849 

muscles  of,  400 

nerves  of,  849 

surgical  anatomy  of,  851 

veins  of,  849 
Notch,  cotyloid,  280 

ethmoidal,  175,  187 

intercondyloid,  290 

nasal,  173 

sacro-sciatic,  greater,  278 
lesser,  278 

sigmoid,  206 

spheno-palatine,  201 

supra-orbital,  173 

suprascapular,  247 
Notochord,  107,  115 
Nuck,  canal  of,  1046,  1059 
Nuclei  pontis,  715 
Nucleus  amygdalae,  734 

caudatus,  733 

of  a  cell,  39 

lenticularis,  733 
Nutrient  artery  of  bone,  55 
NymphfiB,  1048 

lymphatics  of,  691 

O. 

Obelion,  210 

Oblique  inguinal  hernia,  1069 

coverings  of,  1069 
ligament,  356 
line  of  the  clavicle,  241 

of  lower  jaw,  204 

of  radius,  261 
ridge  of  ulna,  257 
Obliquus  auris  muscle,  876 
extemus  abdominis,  450 

intemus,  451 
inferior  capitis,  441 

superior,  441 
inferior  oculi,  399 

superior,  399 
Obturator  artery,  624 

peculiarities  of,  624 

relation  of,  to  femoral  ring, 
1007 
extemus  muscle,  520 

intemus,  518 
fascia,  1091 
foramen,  280 

ligament  or  membrane,  518 
nerve,  816 

accessorv,  816 

surgical  anatomy  of,  827 
veins,  675 
Occipital  artery,  558 
bone,  166 

articulations  of,  170 

attachment  of  muscles  to,  170 

development  of,  109 
crests,  166, 168 

protuberances,  166,  168 
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Occipital  fossee,  167 

lobe,  721 

lymphatic  glands,  683 
groove,  178 

sinus,  661 

triangle,  567 

vein,  655 
Occipitalis  major  nerve,  791 

minor,  793 
Occipito-atlantal        articulation, 

327 
Occipital-axial  articulation,  328 
Occipito-frontalis  muscle,  393 
Occiput,  arteries  of,  558 
Ocular  cleft,  123 

cup,  123 

vesicle,  primitive,  123 
secondary,  123 
Odontoblasts,*  896,  901 
Odontoid  ligaments,  328 
tubercle  for,  168 

process  of  axis,  150 
(E^phageal  arteries,  608 

branches  of  vagus  nerve,  785 

glands,  912 

opening  of  diaphragm,  448 

plexus,  785 
(Esophagus,  911 

lymphatics  of,  694 

structure  of,  912 

surgical  anatomy  of,  913 
Olecranon  process,  256 

fracture  of,  503 
Olfactory  bulb,  746,  755 

cells,  850 

foramina,  187 

fossff?  (fcetal),  125 

nerve,  754 

sulcus,  755 
surgical  anatomy  of^  765 
Olivary  bodies  of  medulla  ob- 
longata, 709,  711 

nucleus,  superior,  715 

peduncle,  713 

process,  182 
Omenta.  867 

Omental  tuberosity  of  liver,  952 
Omentum,  gastro-colic  923 

gastro-hepatic,  923 

gastro-splenic,  923 

great,  923 

lesser,  923 
Omo-hyoid  muscle,  414 
Omphalo-mesenteric  arteries,  foe- 
tal, 127 

duct,  109 

veins,  128 
Opening  of  aorta  in  left  ventricle, 
976 

aortic,  in  diaphragm,  448 

caval,  in  diapnragm,  448 

of  coronary  sinus,  973 

of  inferior  cava,  972 

left  auriculo-ventricular,  976 

a?sophageal  in  diaphragm,  526 

of  pulmonary  artery,  974 
veins,  975 

right  auriculo-ventricular,  974 

saphenous,  509,  107  (J 

of  superior  cava,  972 
Operations  :  amputations  of  foot, 
313 
of  penis,  1037 

arteries,  ligature  of,  abdominal 
aorta,  611 


Operations:     arteries,    axillary, 
593 
brachial,  598 
carotid,  common,  552 
external,  553 
internal,  570 
femoral,  635 
iliac,  common,  621 
external,  630 
internal,  623 
innominate,  548 
lingual,  555 
popliteal,  640 
raciial,  600 
subclavian,  581 
thyroid,  inferior,  587 
tibial,  anterior,  644 

posterior,  647 
ulnar,  604 
catheterism      of      Eustachian 
tube,  911 
cholecystotomy,  958 
for  cleft  palate,  425 
colotomy,  948 
division  of  nerves,  facial,  777 
infraorbital,  771 
lingual,  772 
sciatic,  great,  828 
spinal  accessory,  785 
supra-orbital,  771 
excision  of  ankle,  382 
elbow,  355 
hip,  369 
knee,  377 
of  shoulder,  351 
extirpation  of  thyroid,  1008 

of  spleen,  966 
gastrostomy,  930 

gastrotomy,  930 
amstring    tendons,    division 
of,  522 
larrngotomv,  995 
lithotomy,  i089 
nephrotomy  and  nephrectomy, 

1019 
oesophagotomy,  913 
paracentesis    of    pericardium, 

970 
prostatectomy,  1034 
puncture  of  the  bladder,  1029 
removal  of  the  clavicle,  243 
lower  jaw,  228 
upper  jaw,  228 
tongue,  420,  846 
scapula,  249 
testis,  1043 
for  strabismus,  400 
tapping  chest,  240 
for  torticollis,  413 
tracheotomy,  996 
venesection,  665 
Ophthalmic  artery,  570 
ganglion,  761 
nerve,  759 
vein,  662 
Opponens  minimi  digiti  muscle, 
497 
pollicis  muscle,  494 
Optic  commissure,  756 
foramen,  182,  212 
groove,  182,  212 
lolies,  741 
nerve,  755 

intercerebrai  fibres  of,  756 
inter-retinal  fibres  of,  766 


Optic  nerve,  anatomy  of,  756 

thalami,  738 

tract,  755 
Ora  serrata,  860 
I  Oral  cavity,  892 
Orbicular  bone,  881 

ligament,  355 
Orbicularis  ciliaris,  398 

latus,  898 

oris  muscle,  402 

palpebrarum,  396 
OAit,  219 

arteries  of,  571 

muscles  of,  398 

relation  of  nerves  in,  773 
Orbital  artery,  564 

foramina,  185 

lobe,  719 

nerve,  763 

process  of  malar,  198 
of  palate,  201 
Organs  of  Golgi,  78 
Organic  constituent  of  bone,  60 
Orifice,  oesophageal,  of  stomach, 
926 

pyloric,  of  stomach,  926 
Ob  calcis,  301 

development  of,  310 

hyoides,  229 

innominatum,  274 
development  of,  280 

magnum  of  carpus,  268 

orbiculare,  881 

planum,  188 

unguis,  197 

uteri,  1062 
Ossa  triquetra,  190 
Ossicula  auditfls,  880 

ligamentb  of,  881 
Ossification  of  bone,  59 

defects  in,  165 

intracartilaginous,  60 

intramembranous,  63 

period  of,  63 

of  spine,  progress  in,  156 

subperiosteal,  59 
Osteoblasts,  55,  60 
Osteoclasts,  55 
Osteo-dentine,  899 
Osteology,  145 

Ostium  abdominale  of  Fallopian 
tube,  1056 

internum  or  uterinum,  1053 
Otic  ^nglion,  770 

vesicle,  124 
Otoliths,  889 
Outlet  of  pelvis,  283 
Ovarian  arteries,  618 

plexus  of  nerves,  838 

veins,  677 
Ovary,  1057 

development  of,  138 

Graafian  vesicles  of,  1058 

ligament  of,  1059 

lymphatics  of,  692 

nerves  of,  1060 

ovicapsule  of,  1058 

shape,  position,    and    dimen- 
sions,  lOo/ 

stroma  of,  1058 

tunica  albuginea  of,  1058 

vessels  of,  1060 
Ovicapsule  of  Graafian  vesicle, 

1058 
Oviducts,  1056 
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OviiACS  of  ovary,  1058 
Ovula  of  Naboth,  1054 
Ovum,  100 

discharge  of,  1059 

discus  proligerus  of,  100 

fecundation  of,  102 

germinal  spot  of,  101 
vesicle  of,  101 

vitelline  membrane  of,  100 

yolk  of,  101 

zona  pellucida  of,  100 
Oxyntic  cells  of  peptic  glands, 
929 

P. 

Pacchionian  depressions,  171 

glands,  659,  700 
Pacinian  corpuscles,  77 
Pad  of  corpus  callosum,  732 
Palatal  glands,  903 
Palate,  arches  of,  903 
development  of,  119 
bone,  199 
articulations  of,  202 
attachment  of   muscles   to, 

202 
development  of,  201 
horizontal  plate  of,  199 
orbital  process  of,  201 
process  of  superior  maxil- 
lary, 195 
sphenoidial  process  of,  201 
turbinated  crest  of,  200 
vertical  plate  of,  200 
hard,  903 
muscleif  of,  423 
soft,  903 

sphenoidal  process  of,  201 
aponeurosis,  424 
Palatine  artery,  ascending,  557 
descending  or  postenor,  564 
canal,  anterior,  196 
accessory,  199 
posterior,  199 
fossa,  anterior,  196 
nerves,  766 
process  of  superior  maxillary, 

195 
veins,  inferior,  654 
Palato-glossus  muscle,  418,  424 
Palato-pharyngeus,  424 
Palmar  arch,  deep,  600 
superficial,  606 
surface  marking  of,  606 
cutaneous  nerve,  803,  804 
fascia,  492 

interossei  arteries,  603 
nerve,  deep,  of  ulnar,  805 

superficial,  804 
veins,  665 
Palmaris  brevis  muscle,  496 

longus  muscle,  482 
PalpeW,  819 
Palpebral  arteries,  572 
cartilages  or  plates,  869 
fissures,  869 

surface  form  of,  873 
folds  of  conjunctiva,  870 
ligaments,  870 
muscles,  396 
veins,  inferior,  654 
superior,  654 
Pampiniform  plexus    of   veins, 
676,  1039,  1060 


Pancreas,  958 

development  of,  135 

lymphatics  of,  692 

structure  of,  960 

surgical  anatomy  of,  961 

surgical  marking  of,  961 

vessels  and  nerves  of,  961 
Pancreatic  arteries,  614 

duct,  960 

plexus  of  nerves,  839 

veins,  677 
Panci'eatica  magna  artery,  614 
Pancreatico-duodenal  artery,  613 
inferior,  615 

plexus  of  nerves,  839 

vein,  677 
Papilla  lachrymalis,  872 

spiralis,  887 
Papillae  of  tooth,  899 

conicse  vel  filiformes,  843 

fungiformes  (medise),  843 

of  kidney,  946 

maximse  (circumvallatse),  843 

of  skin,  91 

of  tongue,  842 
Papillary  layer  of  skin,  91 
Par  vagum,  781 
Paraglobulin,  33 
Parallel  fissure,  721 
Paramastoid  process,  167 
Parietal  bones,  170 

articulations  of,  172 
attachment  of   muscles   to, 

172 
development  of,  172 

cells  of  peptic  glands,  928 

eminence,  170 

foramen,  171 

lobe,  719 

veins,  131 
Parieto-ocojpital  fissure,  718,  722 
Parieto-sphenoid  artery,  575 
Parotid  duct,  905 

fascia,  405,  410 

gland,  904 
accessory  portion  of,  906 
nerves  of,  906 
vessels  of,  906 

lymphatic  glands,  683 

veins,  654 
Parovarium,  139,  1059 
Patella,  293 

articulations  of,  294 

attachment  of  muscles  to,  294 

development  of,  294 

fracture  of,  539 

surface  form  of,  294 

surgical  anatomy  of,  294 
Pecquet,  reservoir  of,  682 
Pectineus  muscle,  513 
Pectiniforrae  septum,  1035 
Pectoral    region,   dissection    of, 

469 
Pectoralis  major,  469 

minor,  471 
Peculiar  dorsal  vertebrae,  153 
Pedicles  of  a  vertebra,  146 
Peduncles  of  cerebellum,  750 

of  cerebrum,  729 

of  corpus  callosum,  732 

of  pineal  gland,  740 
Peduncular  fibres  of  cerebrum, 
743 
of  cerebellum,  750 
Pelvic  fascia,  1091 


Pelvic  fascia,  parietal  or  obtu- 
rator layer,  1091 
visceral  layer,  1092 

girdle,  240 

plexus,  840 
Pelvis,  281,  1023 

arteries  of,  iVl'l 

articulations  of,  338 

axes  of,  284 

boundaries  of,  282 

brim  of,  282 

cavity  of,  283 

diameters  of,  284 

false,  282 

inlet  of,  283 

ligaments  of,  338 

lymphatics  of,  689 

male  and  female,  difiereuoes 
of,  284 

outlet  of,  283 

position  of,  284 
of  viscera  at  outlet  of,  1088 

surface  form  of,  285 

surgical  anatomv  of,  285 
Pelvis  of  kidney,  1012 
Penis,  1034 

arteries  of,  1036 

body  of,  1034 

corpora  cavernosa,  1035 

corpus  spongiosum,  1036 

development  of,  141 

dorsal  artery  of,  626 
nerve  of,  823 
vein  of,  675 

lymphatics  of,  691,  1037 

muscles  of,  464 

nerves  of,  1037 

prepuce  of,  1035 

root  of,  1034 

surgical  anatomy  of,  1037 

suspensory  ligament,  1033 
Penniform  muscle,  390 
Peptic  glands,  928 
Perforans  Casserii  nerve,  801 
Perforated  space,  anterior,  728 

posterior,  729 
Perforating    arteries    of    hand, 
603 
from  mammary  artery,  588 
plantar,  649 
profunda,  638 
Pericardiac  arteries,  588,  608 
Pericardium,  relations  of,  967 

diverticula  of,  968 

fibrous  layer  of,  968 

nerves  of,  969 

serous  layer  of.  969 

structure  of,  968 

vessels  of,  968 

vestigial  fold  of,  668,  969 
Perichondrium,  51 
Perilymph,  888 
Perinivftium.  external,  65 

internal,  65 
Perineal  artery,  superficial,  627 

transverse,  627 

•     fascia,  deep,  465,  1086 

superficial,  462 

nerve,  823 

superficial,  823 
Perineum,  1083 

abnormal  course  of  arteries  i% 
1090 

deep  boundaries  of,  1085 

in  the  female,  1089 
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Perineum,  development  of,  140 
lymphatics  of,  691 
in  the  male,  1084 
muscles  of,  460,  461 
surgical  anatomy  of,  1083 
Perineurium,  74 
Periosteum,  54 
of  teeth,  894 
Peripheral  termination  of  nerves, 

76 
Peritoneum,  greater    cavity  of, 
918 
lesser  cavity  of,  918,  922 
ligaments  of,  923 
mesenteries  of,  923 
omenta  of,  923 
reflections  traced,  917 
Perivascular  lymph-sheaths,  87, 

659 
Permanent  cartilage,  51 

teeth,  894 
Peroneal  artery,  648 
anterior,  648 
peculiarities  of,  648 
nerve,  826 
ridge,  303 
veins,  673 
Peroneus  brevis  muscle,  529 
lon^us,  529 
tertius,  524 
Perpendicular  plate  of  ethmoid, 
188 
line  of  ulna,  260 
Pes  accessorius,  733 
anserinus,  774 
hippocampi,  735 
Petit,  canal  of,  867 

triangle  of,  451 
Petrosid    nerve,    superficial   or 
large,  from  Vidian,  766 
small  superficial,  779 
deep  large,  766 

small,  779 
long,  779 
sinus  inferior,  662 
superior,  662 
Petro-mastoid    portion    of  tem- 
poral bone,  181 
Petro-occipital  suture,  209 
Petro-sphenoidal  suture,  209 
Petrous  ganglion,  779 

portion    of     temporal     bone, 
178 
Peyer's  glands,  937 
Phalanges,  hand,  272 

articulations  of,  272,  364 
development  of,  274 
foot,  310 

articulations  of,  310,  389 
development  of,  311 
Pharyngeal  aponeurosis,  910 
arclies,  118 
artery,  ascending,  560 
clefts'  118 
ganglion,  833 
glands,  910 

nerve,  from  external  laryngeal, 
783 
from  glosso-pharyngeal,  781 
from  Meckel's  ganglion,  767 
from  sympathetic,  833 
from  vap^us,  783 
plexus  of  nerves,  783,  833 
spine,  l()7 
tonsil,  911 


Pharyngeal  vein,  656 
Pharynx,  910 
aponeurosis  of,  910 
arteries  of,  560 
development  of,  132 
mucous  membrane  of,  910 
muscles  of,  421 
surgical  anatomy  of,  911 
Phleboliths,  675 
Phrenic  arteries,  618 
nerve,  795 

plexus  of  nerves,  837 
veins,  677 
Pia  mater  of  brain,  706 
of  cord,  696 
testis,  988 
Pigment,  50 
of  iris,  859 
of  skin,  91 
Pigmentary  layer  of  retina,  863 
Pillars  of  diaphragm,  448 
of  external    abdominal   ring, 

451,  1064 
of  fauces,  903 
Pineal  gland,  740 

peduncles  of,  740 
Pinna  of  ear,  874 
ligaments  of,  875 
muscles  of,  875 
nerves  of,  856 
vessels  of,  876 
Pisiform  bone,  266 
Pituitary  body,  729 

development  of,  119 
fossa.  182 
membrane,  850 
Pivot-joint,  318 
Placenta,  114 
Placental  sinus,  114 

circulation,  129 
Plantar  artery,  external,  649 
intemal,  649 
cutaneous  nerve,  825 
fascia,  531 
ligaments,  383 
nerve,  external,  826 

intemal,  825 
veins,  extei-nal,  673 
internal,  673 
Plantaris  muscle,  526 
Plasma,  36 
Plates,  tarsal,  870 
Platysma  myoides,  409 
Pleura,  997 
cavity  of,  997 
costal  is,  997 
pulmonalis,  997 
reflections  of,  traced,  997 
surgical  anatomy  of,  998 
vessels  and  nerves  of,  998 
Pleuro-peritoneal  cavity,  112 
Plexus  of  nerves,  75 
aortic,  739 
brachial,  796 
cardiac,  deep,  836 
superficial,  836 
carotid,  831 

external,  831 
cavernous,  831 
cervical,  793 

posterior,  792 
coeliac,  839 
colic,  left,  840 
middle,  840 
right,  840 


Plexus,  coronary,  anterior.  837 
posterior,  836 

cystic,  839 

diaphragmatic,  837 

epigastric  or  solar,  837 

facial,  833 

gastric,  839 

gastro-duodenal,  839 

gastro-epiploic,  839 
lea,  839 

great  cardiac,  836 

hemorrhoidal  superior,  840 
inferior,  840 

hepatic,  839 

hypogastric,  839 
inferior,  840 

ileo-colic,  840 

infra-orbital,  765 

lumbar,  813 

mesenteric,  inferior,  839 
superior,  839 

oesopnageal,  784 

ophthalmic  831 

ovarian,  838 

pancreatic,  839 

paucreatico-duodenal,  839 

patellse,  818 

pharyngeal,  783,  833 

phrenic,  837 

prostatic,  840 

pulmonary,  anterior,  784 
posterior,  784 

pyloric,  839 

renal,  837 

sacral,  820 

sigmoid,  839 

solar,  837 

spermatic,  837 

splenic,  839 

superficial  cardiac,  836 

suprarenal,  837 

tonsillar,  781 

tympanic,  779 

vaginal,  840 

vertebral,  834 

vesical,  840 
Plexus  mngnus  profdndus,  836 

of  veins.    See  Veins. 
Plica  semilunaris,  871 
Pneumpgastric  lobule  of  oerebel* 
lum,  749 

nerve,  781 
Polar  globules  of  Robin,  101 
Pomum  Adami,  984 
Pons  hepatis,  951 

Tarini,  729 

Varolii,  714 
Popliteal  artery,  639 
branches  of,  641 
peculiarities  of,  640 
surface  marking  of,  640 
sui^ical  anatomy  of,  640 

lymphatic  glands,  688 

nerve,  external,  826 

surgical  anatomy  of,  827 
intemal,  824 

space,  639 

vein,  673 
Popliteus  muscle,  526 
Pores  of  the  skin,  95 
Portal  canals,  952 

fissure,  951 

vein,  679,  952,  954 
Portio  dura  of  seventh  nerve,  773 

inter  duram  et  mollem,  7<  3 
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Portio  mollis^  773 
Porus  opticus  of  sclerotic,  854 
Posterior.    See  under  each  sepa- 
rate head. 
Posterior   and    internal   frontal 
artery,  574 
choroid  p.rtery,  586 

glenoid  process,  177 

vertebral  veins  of  Bathke,  132 

vesicular  column,  702 
Postero-lateral   ganglionic  arte- 
ries, 586 

median  ganglionic  arteries,  586 
Post-oral  arches  (foetal),  118 
Poet-patellar  bursa,  512 
Pott's  fracture,  540 
Pouch' of  Douglas,  1052 
Pouches,  laryngeal,  989 
Poupart's  ligament,  1065,  1077 
Prsevertebral  fascia,  411 
Precentral  fissure,  718 
Pre-oral  arches  (foetal),  119 
Prepatellar  bursa,  512 
Prepuce,  1035 

of  clitoris,  1048 
Prestemal  notch,  231 
Presternum.  231 
Prickle  cells,  43 
Primary  areolae  of  bone,  60 
Primitive  jugular  veins,  132 

aorta,  127 

fibuke  of  SchuUze,  71 

otxc  vesicle,  124 

sheath  of  nerve-fibre,  71 

trace,  104 
Princeps  cervicis  artery,  559 

pollicis  artery,  602 
Processes  or  process,  acromion, 
246 

alveolar,  195 

angular,  external,  173 
internal,  173 

auditory,  179 

basilar,  167 

ciliaijr,  867 

clinoid,  anterior,  185 
middle,  182 
posterior,  183 

cochleariform,  186,  879 

condyloid  of  lower  jaw,  206 

coracoid,  247 

coronoid  of  lower  jaw,  206 
of  ulna,  256 

ethmoidal  of  inferior  turbinat- 
ed, 202 

frontal  of  malar,  198 

hamular  of  lachrymal,  197 
of  sphenoid,  185 

of  helix,  875 

of  Ingrassias,  185 

jugular,  168 

lachrymal  of   inferior    turbi- 
nated bone,  202 

malar,  194 

of  malar  bone,  198 

mastoid,  178 

mammillary,  154 

maxillary   of   inferior    turbi- 
nated, 202 

mental,  204 

nasal,  194 

odontoid  of  axis,  151 

olecranon,  256 

olivary,  182 

orbital  of  malar,  198 


Processes  or  process,  orbital,  of 
palate,  201 
palatine  of  superior  maxillary, 

195 
post-glenoid,  177 
pterygoid  of  palate  bone,  200 

of  sphenoid,  185 
sphenoidal  of  palate,  201 
spinous  of  tibia,  295 
of  ilium,  277 
of  sphenoid,  184 
styloid  of  temporal,  180 
of  ulna,  260 
of  radius,  262 
unciform,  269 

of  ethmoid,  188 
vaginal  of  sphenoid,  184 

of  temporal,  180 
vermiform  of  cerebellum,  in- 
ferior, 749 
superior,  748 
zygomatic,  199 
Processes  of  Ingrassias,  185 
Processus  ad  medullam,  750 
ad  pontem,  750 
brevis  of  malleus,  881 
caudatus,  875 
cochleariformis,  1-81,  879 
e  cerebello  ad  testes,  750 
gracilis  of  malleus,  881 
Profunda  cervicis  artery,  589 
femoris  artery,  637 
inferior  artery  of  arm,  598 

superior,  598 
vein,  674 
Promontory  of  tympanum,  879 

of  sacrum,  157 
Pronator  quadratus  muscle,  485 
radii  teres  muscle,  481 
ridge,  257 
Pronephros,  135 
Pronucleus,  female,  102 

male,  102 
Prosencephalon,  121 
Prostate  gland,  1032 
levator  muscle  of,  462 
lobes  of,  1033 
lymphatics  of,  691 
surgical  anatomy  of,  1033 
vessels  and  nerves  of,  1033 
Prostatic  plexus  of  nerves,  840 
of  veins,  675 
portion  of  urethra,  1030 
sinus,  1030 
Protoplasm,  39 
Proto  vertebrae,  107 
Protovertebral  column,  115 

somites,  107 
Protuberance,  occipital,  external, 
166 
internal,  168 
Psoas  magnus  muscle,  506 

surgical  anatomy  of,  507 
parvus,  506 
Pterion  ossicle,  190 
Pterygoid  arteries.  564 
fossa  of  sphenoid,  185 

of  lower  jaw,  206 
muscles,  406 
nerve,  67,  768 
notch,  185 
plexus  of  veins,  654 
process  of  palate  bone,  200 
prm'csses  of  sphenoid,  185 
ridge,  184 


Pterygo-maxillary  fissure,  218 

ligament,  404 
Pterygo-palatine  artery,  564 
canal,  184 
nerve,  767 
Pubes,  angle  of,  279 
crest  of,  279 
08,  279 
spine  of,  279 
svmphvsis  of,  279,  341 
Pubic  arch,  283 

articulations  of,  342 
portion  of  fascia  lata,  510 
Pubo-prostatic  ligaments,  1026 
Pudendum,  1047 
Pudic  artery  in  male,  625 
peculiarities  of,  626 
accessory,  626 
deep  external,  637 
in  female.  627 
superficial  external,  637 
nerve,  823 
vein,  external,  672 
internal,  674 
Pulmonary  artery,  542,  l(m 
opening  of,  in  right  ventri- 
cle, 974 
capillaries,  1004 
nerves  from  vagus,  784 
sinuses,  975 
veins,  651,  652,  1004 
openings   of,     left    auricle, 
975 
Pulp-cavity  of  tooth,  896 
of  teeth,  development  of,  902 
of  spleen,  963 
Pulvinar  of  optic  thalamus,  739 
Puncta  vasculosa,  730 

lachrvmalia,  873 
Pupil  o'f  eye,  858 

membrane  of,  800 
Purkinje,  axis-cylinder  of,  71 
corpuscles  of,  752 
granular  layer  of,  898 
vesicle  of,  101 
Pyloric  artery,  613 
inferior,  613 
glands,  928 
plexus,  839 
Pylorus,  926 

Pyramid  in  vestibule,  883 
of  cerebellum,  749 
of  thyroid  gland,  1007 
of  tympanum,  878 
Pvramidal  cell  or  nerve-corpusle, 

745 
Pyramidalis  muscle,  457 

nasi,  401 
Pyramids  of  medulla,  709,  7 1 1 
decussation  of,  709 
of  Ferrein,  1016 
ofMalpighi,  1013 
of  the  spine,  163 
Pyriformis  muscle,  518 

Q. 

Quadrate  lobe,  723 
Quadratus  femoris  muscle,  519 
lumborum,  457 

fascia  covering,  460 
menti,  403 
Quadriceps  extensor  cruris  mu» 

cle,  511 
Quadrigeminal  bodies,  741 
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R. 

Racemose  glands,  99 
Radial  artery,  599 
branches  of,  601 
peculiarities  of,  600 
surface  marking  of,  600 
surncal  anatomy  of,  600 

lymphatic  glands,  686 

nerve,  806 

recurrent  artery,  601 

region,  muscles  of,  485 

vein,  665 
Radialis  indicis  artery,  603 
Radicular  zone,  anterior,  701 
Radio-carpal  articulation,  358 

surface  form  of,  359 

surgical  anatomy  of,  359 
Radio-ulnar    articulations,  infe- 
rior, 357 
middle,  356 
superior,  355 
Radius,  261 

articulations  of,  263 

development  of,  262 

fracture  of,  503 

grooves  in  lower  end  of,  262 

muscles  attached  to,  263 

oblique  line  of,  26 1 

sigmoid  cavity  of,  262 

surface  form  of,  263 

surgical  anatomy  of,  263 

tuberosity  of,  261 

and  ulna,  fracture  of,  504 
Rami  of  the  lower  jaw,  205 
Ramus  of  ischium,  278 

descending,  279 

horizontal  of  pubes,  279 

of  pubes,  279 
Ranine  artery,  555 

vein,  654,  656 
Ranvier,  nodes  of,  71 
Raphe  of  corpns  callosum,  732 

of  medulla,  712 

of  palate,  903 

of  perineum,  1084 

of  scrotum,  1037 

of  tongue,  842 
Rathke,  posterior  vertebral  veins 

of,  132 
Receiving  tubes  of  kidney,  1014 
Receptaculi  arteriie,  570 
Receptaculum  chyli,  682 
Recessus  labyrinth  i,  124 
Recto-uterine  ligaments,  1052 
Recto- vesical  fascia,  1092 

fold,  peritoneal,  1026 
Rectum,  943 

development  of,  133 

folds  of,  945 

lymphatics  of,  691 

relations  of,  male,  944 
female,  944,  1050 

surgical  anatomy  of,  946 
Rectus  abdominis,  455 

capitis  anticns  major,  426 
minor,  426 

femoris  muscle,  511 

surgical  anatomy  of,  513 

lateralis,  427 

oculi,  internus,  superior,  infe- 
rior, and  externus, 
399 

posticus  major,  441 
minor,  441 


Recurrent    artery,    interosseous, 
605 
radial,  601 
tibial  anterior,  644 

posterior,  644 
ulnar,  anterior,  604 
posterior,  604 
laryngeal  nerve,  784 
nerves  to  tentorium,  760 
Region,  abdominal,  muscles  of, 
449 
acromial,  muscles  of,  473 
i^uricular,  395 
nack,  muscles  of,  429 
brachial,  anterior,  483 

posterior,  487 
cervical  superficial,  muscles  of, 

409 
diaphragmatic,  446 
epicranial,  muscles  of,  393 
epigastric,  914 

femoral,  muscles  of,  anterior, 
507 
internal,  513 
posterior,  520 
fibular,  529 
foot,  dorsum  of,  532 

sole  of,  532 
gluteal,  muscles  of,  516 
groin,  1072 

of  hand,  muscles  of,  505 
humeral,  anterior,  477 

posterior,  479 
hypochondriac,  914 
hypogastric,  916 
iliac,  muscles  of,  505 
infrahyoid,  413 
inguinal,  1072 

intermaxillary,  muscles  of,  403 
ischio-rectal,  1083 
laryngo-tracheal,  surgical  an- 
atomy of,  995 
lingual,  muscles  of,  417 
lumbar,  916 

maxillary,  muscles  of,  inferior, 
402 
superior,  402 
nasal,  muscles  of,  400 
orbital,  muscles  of,  398 
palatal,  muscles  of,  423 
palmar,  491 
palpebral,  396 
perineum,  1083 
pharvngeal,  muscles  of,  421 
popliteal,  639 
ptery go- maxillary,  muscles  of, 

406 
radial,  muscles  of,  485 
scapular,  muscles  of,  anterior, 
474 
posterior,  475 
Scarpa's  triangle,  632 
suprahyoid,  muscles  of,  414 
temporo-maxillary,  muscles  of, 

405 
thoracic,  443 
anterior,  469 
lateral,  472 
tibio-fibular,  anterior,  523 

posterior,  524 
ulnar,  496 
umbilical,  916 

vertebral,  muscles  of,  anterior, 
426 
lateral,  427 


Regions  of  abdomen,  914 

Reil,  island  of,  718 

Remak,  fibres  of,  72 

Renal  afiTerent  vessels,  1013, 1018 

artery,  618,  1017 

efferent  vessels,  1013,  1018 

plexus,  837 

veins,  677,  1018 
Respiration,  organs  of,  984 

muscles  of,  446 
Respiratory  nerves  of  Bell,  ex- 
ternal, 798 
internal,  795 

organs,  development  of,  135 
Restiform  bodies  of  medulla  ob- 
longata, 711 
Rete  mucosum  of  skin,  90 

Malpighii,  90 

testis,  1042 
Reticular  cartilage,  53 

layer  of  skin,  91 

lamina  of  KoUiker,  888 
Retiform  connective  tissue,  48 
Retina,  860 

arteria  centralis  of,  572, 865 

externa,  863 

fovea  centralis  of,  864 

limbus  luteus  of,  860 

membrana  li  mi  tans  of,  861 
layers  of,  861 

structure  of.  861 
Retinacula  of  ileo-csecal  valve, 

940 
Retrahens  aureiu  muscle,  396 
Rhomboid  impression,  242 

ligament,  343 
Rhomboidnl  sinus,  1 20 
Rhomboideus  major,  433 

minor,  433 
Rihes.  ganglion  of,  829 
Ribs,  234 

an^le  of,  235 

articulations  of,  332 

attachment  of  muscles  to,  237 

development  of,  1 17,  237 

false,  234 

floating,  234 

head  of,  235 

ligaments  of,  332,  333 

neck  of,  235 

peculiar,  236 

true,  234 

tuberosity  of,  235 
Ridge,  internal  occipital,  168 

mylo-hyoidean,  204 

pterygoid,  185 

superciliary,  173 

temporal,  176,  217 
Rima  glottidis,  988 
Ring,  abdominal,  external,  451, 
1064 
internal,  1068 

femoral  or  crural,  1080 

fibrous,  of  heart,  978 
Risorius  muscle,  404 
Rivini,  ducts  of,  907 
Robin,  polar  globules  of,  101 
Rods  of  Corti,  867 
Rolando,  tubercle  of,  71 1 

fissure  of,  717 

funiculus  of,  711 

topography  of,  725 
Roof  nuclei  of  Stilling,  752 
Root  of  lung,  1002 
Root  of  spinal  nerves,  788 
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Boot  of  teeth,  896 

of  zygomatic  process,  176 
Rosen ui ill ier,  organ  of,  138, 1059 

accessory  gland  of,  872 
Rostrum  of  sphenoid  bone,  184 

of  corpus  calloeum,  732 
Rotation,  320 

Rotatores  spinse  muscles,  440 
Round  ligaments  of  uterus,  1059 
relations    of,    to    femoral 
ring,  1080 
of  liver,  950 
^u^  of  stomach,  928 

of  vagina,  1051 
Rupture  of  urethra,  course  taken 

by  urine  in,  1085 
Rust-colored  layer  of  cerebellar 
cortex,  752 

S. 

Sac,  lachrymal,  872 
Saccular  secretory  glands,  98 
Saccule  of  vestibule,  888 
Sacculus  laryngis,  924 
Sacra-media  artery,  619 
Sacral  nrteries,  lateral,  629 
canal,  159 
cornua,  158 
foramina,  157 
ganglia,  836 
groove,  158 
lymphatic  glands,  690 
nerves,  817 
anterior  divisions  of,  820 
posterior  divisions  of,  820 
roots  of,  819 
plexus,  821 
vein,  lateral,  675 
middle,  675 
peculiarities  of,  675 
Sacro-coccygeal  ligaments,  341 
Sacro-iliac  articulation,  339 
Sacro-lumbalis  muscle,  436 
Sacro-sciatic    foramen,    greater, 
278,  340 
lesser,  278,  340 
ligaments,  339,  340 
notch,  greater,  278 
lesser,  278 
Sacro-nterine  ligament,  1053 
■Sacro-vertebral  angle,  157 

ligament,  338 
Sacrum.  157 
ala  of,  159 
articulations  of,  161 
attachment  of  muscles  to,  161 
development  of,  160 
peculiarities  of,  160 
structure  of,  160 
Sacs,  dentol,  900 
Saddle-joint,  318 
Sagittal  suture,  207 
Salivary  glands,  904 
structure  of,  907 
Salpingo-pharyngeus,  425 
Salter,       incremental    lines   of, 

898 
Santorini,  cartilages  of,  986 
Saphena  veins,  surgical  anatomy 

of,  673 
.Saphenous  nerve,  long  or  inter- 
nal, 818 
short,  824 
opening,  509,  1076 
71 


Saphenous    vein,    external    or 
short,  672 
internal  or  long,  672, 1072 
surgical  anatomy  of,  673 
Sarcolerama,  65 
Sarcoplasm,  66 
Sarcostyles,  66 

Sarcoas  elements  of  muscle,  66 
Sartorius  muscle,  510 
Scala  tvmpani  of  cochlea,  865 

media,  886 

Testibuli  of  cochlea,  886 
Scalse  of  cochlea,  886 
Scalenus  anticus,  427 

medins,  427 

posticus,  428 
Scaphoid  bone,  hand,  264 
foot,  306 

fossa  of  sphenoid,  185 
Scapula,  244 

articulations  of,  249 

attachment  of  muscles  to,  249 
i     development  of,  248 

dorsum  of,  245 

glenoid  cavity  of,  247 

head  of,  471 

ligaments  of,  346,  347 

muscles  of,  475 

spine  of.  246 

surface  form  of,  249 

surgical  anatomy  of,  249 

venter  of,  244 
Scapular  artery,  posterior,  587 

region,   muscles    of,  anterior, 
474 
posterior,  475 

veins,  668 
Scapulo-clavicular    articulation, 

343 
Scarfekin,  89 

Scarpa,  foramina  of,  196,  215 
Scarpa's  triangle,  632 
Schachowa,  spiral  tubes  of,  1014 
Schindylesis,  317 
Schneiderian  membrane,  850 
Schlemm,  canal  of,  855 
Schreger,  lines  of,  898 
Schultze,  cells  of,  755, 830 

primitive  fibrillse  of,  71 
Scnwann,  white  substance  of,  71 
Sciatic  artery,  628 

nerve,  greater,  824 

surgical  anatomy  of,  828 
lesser,  824 

veins,  675 
Sclerotic,  853 
Scrobiculus  cordis,  239 
Scrotal  hernia,  1071 
Scrotum,  1037 

dartos  of,  1038 

development  of,  141 

lymphatics  of,  691 

nerves  of,  1039 

septum  of,  1037 

surgical  anatomy  of,  1039 

vessels  of,  1039 
Sebaceous  glands,  94 
Second  nerve,  755 

surgical  anatomy  of,  756 
Secreting  glands,  98 
Segmental  organs,  135 
SeUa  Turcica,  182,  212 
Semicircular  canals,  884 
Semilunar  bone,  265 

cartilages  of  knee,  372 


Semilunar  fold  of  Douglas,  457 

fascia,  478 

ganglion  of  fifth  nerve,  759 
of  abdomen,  834 

valves,  aortic,  977 
pulmonic,  974 
Semimembranosus  muscle,  521 
Seminal  cells,  1042 

tubes,  1042 

vesicles,  1044 
Semispinalis  muscle,  439 
Semitendinosus  muscle,  521 
Senac  on    structure  of   heart's 

valves,  974 
Senses,  organs  of  the,  841 
Septum  auricularum,  976 

cartilage  of,  848 

crurale,  1080 

lucidum,  736 

of  nose,  223 

pectiniforme,  1035 

of  pons  Varolii,  716 

scroti,  1037 

subarachnoid,  696 

of  tongue,  845 

ventriculorum,  978 
Septum  between  bronchi,  993 
Serous  glands  of  tongue,  844 
Serous  membranes,  96 
SerratuB  magnus,  472 

posticus,  inferior,  434 
superior,  434 
Serum,  33,  37 

globulin,  33  « 

Sesamoid  bones,  314 

cartilages,  848 
Seventh  nerve,  773 

surgical  anatomy  of,  777 
Shaft  of  a  bone,  its  structure,  145 
Sheath  of  arteries,  81 

femoral  or  crural,  1078 

of  muscles,  65 

of  nerves,  74 

of  rectus  muscle,  455 
Shin,  296 
Short  bones,  145 
Shoulder,  muscles  of,  469 

girdle,  240 

joint,  347 

surface  form  of,  350 

surgical  anatomy  of,  350 

vessels  and  nerves  of,  349 
Sigmoid  artery,  616 

cavity,  greater  and  lesser,  of 
ulna,  257 
of  radius,  262 

flexure  of  colon,  941 

mesocolon,  925 

notch  of  lower  jaw,  206 
Sinus  circularis  iridis,  855 

of  external  jugular  vein,  655 
internal,  656 

of  kidney,  1012 

of  Morgagni,  422 

pocularis,  1030 

prostaticus,  138, 1030 

venosus,  131 
Sinuses,  cranial,  173,  652,  659 

cavernous,  661 

circular,  662 

of  coronary  vein,  679,  972 

ethmoidal,  187 

frontal,  173 

of  heart,  of  right  auricle,  972 
of  left,  975 
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Sinuses,  lateral,  660 

longitudinal  inferior,  660 
superior,  659 

maxillary,  194 

of  nose,  173 

occipital,  661 

petrosal,  inferior,  662 
superior,  662 

pulmonary,  975 

sphenoidal,  183 

straight,  660 

transverse,  663 

of  Valsalva,  544,  977 
Sixth  nerve,  772 

surgical  anatomy  of,  773 
Skeleton,  145 

number  of  its  pieces,  145 
Skin,  general  anatomy  of,  89 

appendages  of,  92 

arteries  of,  92 

corium  of,  91 

cuticle  of,  89 

derma,  or  true  skin.  91 

development  of,  125 

epidermis  of,  89 

furrows  of,  91 

hairs,  93 

muscular  fibres  of,  94 

nails,  92 

nerves  of,  92 

papillary  layer  of,  91 

rete  mucosum  of,  90 

sebaceous  glands  of,  94 

sudoriferous  or  sweat-f^lands  of, 
95 

tactile  corpuscles  of,  76 

vessels  of,  92 
Skull,  165,  210 

anterior  region,  219 

base  of,  external  surface,  210 
internal  surface,  210 

fossa  of,  anterior,  210 
middle,  212 
posterior,  213 

lateral  region  of,  216 

surface  marking  of,  224 

tables  of,  145 

vertex  of,  210 

vitreous  table  of,  146 
Slender  lobe  of  cerebellum,  749 
Small  intestine,  areolar  ooat  of, 
933 

mucous  coat  of,  933 

muscular  coat  of,  933 

serous  coat  of,  933 

simple  follicles,  936 

vaivulfe  conniventes,  933 

villi  of,  934 

intestines,  931 

duodenum,  931 

ileum,  933 

jejunum,  932 

Socia  parotidis,  906 
Soft  palate,  903 

aponeun)sis  of,  904 

arches  or  pillars  of,  903 

muscles  of,  424 

structure  of,  903 
Solar  plexus,  837 
Sole  of  foot,  muscles  of,  first  layer, 
532 
fourth  layer,  536 
second  layer,  534 
third  layer,  534 
Soleus  muscle,  525 


Solitary  glands,  936 
Somatopleure,  108 
Sommerring,  yellow  spot  of,  860 
Space,  anterior  perforated,  728 
axillary,  589 
intercostal,  234 
popliteal,  639 
posterior  perforated,  729 
Spaces  of  Fontana,  855 
Spermatic  artery,  618,  1039 
canal,  1067 
cord,  1039 

arteries  of,  1039 
course  of,  1039 
fascia,  external,  452,  1064 
lymphatics  of,  1039 
nerves  of,  1039 
plexus  of  nerves,  837 

of  veins,  676 
relation  to  femoral  ring,  1080 
of,  in  inguinal  canal,  1039, 
1067 
veins,  676,  1039 
surgical  anatomy  of,  676 
Sphenoid  bone,  182 
articulations  of,  187 
attachment  of  muscles  to,  187 
body  of,  182 
development  of,  186 
greater  wings  of,  184 
lesser  wings  of,  185 
pterygoid  processes  of,  186 
rostrum  of,  184 
spinous  processes  of,  184 
vaginal  processes  of,  184 
Sphenoidal  fissure,  185 
nerves  in,  772 
process  of  palate,  201 
sinuses,  183 

spongy   or   turbinated    bones, 
186 
Spheno-maxillary  fissure,  218 

fossa,  218 
Spheno-palatine  artery,  564 
foramen,  201 
ganglion,  765 
nerves,  765 
notch,  201 
Spheno-parietal  suture,  209 
Sphincter  muscle  of  bladder,  1027 
of  rectum,  external,  460 

internal,  461 
of  vagina,  466 
Spina  bifida,  164 
Spinal  accessory  nerve,  786 

surgical  anatomy  of,  786 
foramen,  147 
arteries,  anterior,  584 
lateral  584 
median,  584 
posterior,  584 
canal,  164 
cord,  697 

arachnoid  of,  696 
arrangement    of    gray  and 

white  matter  in,  700 
central  canal  of,  699 

ligament  of,  697 
columns  of,  698 
development  of,  115 
dura  mater  of,  695 
fissures  of,  698 
foetal,  peculiarity  of,  697 
gray  commissure  of,  698 
internal  structure  of,  698 


Spinal  cord,  ligamentum  dentic^ 
ulatum  of,  697 
membranes  of,  595 
minute  structure,  of,  700 
neuroglia  of,  700 
pia  mater  of,  696 
sections  of,  698 
white  commissure  of,  699 
matter  of,  700 
nerves,  788 

arrangement    into     groups, 

divisions  of,  anterior,  789 

posterior,  789 
development  of,  122 
distribution  of,  789 
origin  of,  in  cord,  703 
of  roots,  anterior,  788 
posterior,  789 
points  of  emergence  of,  790 
veins,  670 

longitudinal,  anterior,  671 
[K)sterior,  671 
Spinalis  colli  muscle,  438 

dorsi,  438 
Spine,  146 
articulations  of,  321 
development  of,  1 15 
general  description  of,  162 
ossification  of,  156 
Spines  of  bones,  ethmoidal,  182 
of  ischium,  278 
nasal,  173 
anterior,  196 
posterior,  199 
of  06  pubis,  279 
pharyngeal,  167 
of  scapula,  246 
Spinous  process  of  ilium,  277 
of  sphenoid,  184 
of  tibia,  295 
of  vertebra?,  147 
Spiral  canal  of  cochlea,  885 
Splanchnic  nerve,  greater,  835- 
lesser,  835 

smallest  or  renal,  835 
Splanchnopleure,  108 
Spleen,  961 
artery  of,  964 
capillaries  of,  964 
fibro-elastic  coat  of,  962 
lymphatics  of,  692,  965 
Malpighian  corpuscles  of,  964 
nerves  of,  965 
proper  substance  of,  963 
relations  of,  961 
serous  coat  of,  962 
size  and  weight,  962 
structure  of,  962 
surface  marking  of,  965 
surgical  anatomy  of,  966 
trabeculse  of,  962 
veins  of,  965 
Splenic  artery,  613 

distribution  of,  964 
corpuscles,  964 
plexus,  839 
pulp,  963 
vein,  677 
Splenium  of  corpus  callosum,  732 
Splenius  muscle,  435 
Spongy  portion  of  urethra,  1031 

tissue  of  bone,  145 
Squamo-parietal  suture,  209 
Squamo-sphenoidal  suture,  209 
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Squamo-zygomatic    portion    of 

temporal  bone,  181 
Squamous  portion  of  temporal 

bone,  175 
Stapedius  muscle,  882 
Stapes,  881 

annular  ligament  of,  881 

development  of,  125 
Stellate  ligament,  332 

plexus  of  kidney,  1018 
Stenson,  foramina  of,  196,  215 
Stenson's  duet,  905 
Sternal  end  of  clavicle,  fracture 
of,  501 

foramen,  233 

furrow,  238 

ligaments,  338 
Sterno-clavicular       articulation, 
342 
surface  form  of,  344 
surgical  anatomy  of,  344 
Stemo-hyoid  muscle,  413 
Sterno-mastoid  muscle,  411 

artery,  559 
Sterno-thvroid  muscle,  413 
Sternum, '230 

articulations  of,  234 

attachment    of     muscles     to, 
234 

development  of,  117,  233 

ligaments  of,  338 
Stilling,  canal  of,  865 
Stomach,  925 

alteration  in  position  of,  926 

alveoli  of,  928 

areolar  coat  of,  927 

curvatures  of,  926 

development  of,  133 

fundus  of,  925 

gastric  follicles  of,  928 

lenticular  glands  of,  929 

ligaments  of,  926 

lymphatics  of,  837 

mucous  membrane  of,  927 

muscular  coat  of,  927 

orifices  of,  926 

peptic  glands  of,  928 

pyloric  end  of,  925 
glands  of,  928 

pylorus,  926 

serous  coat  of,  926 

splenic  end  of,  925 

structure  of,  926 

surface  marking  of,  930 

surfaces  of,  925 

surgical  anatomy  of,  930 

vessels  and  nerves  of,  929 
Stomodceum,  120 
Straight  sinus,  660 

tu^  of  kidney,  1014 
Stratiform  fibro-cartilage,  53 
Stratum  cinereum,  746 

corneum,  90 

geiatinosum,  746 

glomerulosum,  746 

lucidum,  91 

opticum,  747 
Striae  laterales,  732 

longitudinales,  732 

of  muscle,  66 
Striped  muscle,  64 
Stroma  of  ovary,  1058 
Stylo-glossus  muscle,  418 
Stylo-hyoid  ligament,  416 

muscle,  416 


Stylo-hyoid  nerve    from  facial, 

776 
Stylo-mastoid  artery,  559 
foramen,  180 
vein,  655 
Stylo-maxillary    ligament,  330, 

341 
Stylo- pharyngeus  muscle,  422 
Styloid  process  of  radius,  262 
of  temporal  bone,  180 
of  ulna,  260 
Subanconeus  muscle,  480 
Subarachnoid  of  coi^d,  696 
fluid,  706 

space  of  brain,  706 
septum,  696 
tissue,  696 
Subcsecal  fossa,  940 
Subclavian  arteries,  577 
branches  of,  582 
first  part  of,  left,  580 

right,  577 
peculiarities  of,  581 
second  portion  of,  580 
surface  form  of,  581 
surgical  anatomy  of,  581 
third,  580 
groove,  236 
nerve,  797 
triangle,  567 
vein,  667 
Subclavius  muscle,  471 
Subcostal  angle,  230 

muscle,  444 
Subcrureus  muscle,  512 
Subdural  space,  696 
Sublingual  artery,  555 
fossa,  204 
gland,  907 

vessels  and  nerves  of,  907 
Sublobular  veins,  954 
Submaxillary  artery,  557 
fossa,  205 
ganglion,  771 
gland,  906 
nerves  of,  907 
vessels  of,  907 
lymphatic  gland,  685 
triangle,  566 
vein,  654 
Submental  artery,  557 

vein,  654 
Suboccipital  nerve,  789 

posterior  branch  of,  789 
triangle,  584 
Subpeduncular  lobe  of  cerebel- 
lum, 749 
Subpleural  mediastinal    plexus, 

^  588 
Subpubic  ligament,  342 
Subscapular  angle,  245 
artery,  594 
fascia,  474 
fossa,  244 
nerves,  801 
Subscapularis  muscle,  475 
Substantia    cinerea     gelatinosa, 

702 
Sudoriferous  glands,  95 
Sulci  of  cerebrum,  717 
Sulcus,  frontal  inferior,  788 
superior,  718 
intmparietal,  720 
occipital  inferior,  721 
middle,  721 


Sulcus,  occipital  superior,  721 
for  olfactory  tract,  719 
orbital,  719 
parallel,  721 
postcentral,  720 
precentral,  718 
of  Reil,  anterior,  721 
external,  721 
posterior,  721 
temporo-sphenoidal,     middle, 
721 
superior,  721 
Sulcas  spiralis,  886 
Supercilia,  869 
Superciliary  ridge,  173 
Superficial  cervical  artery,  587 
circumflex  iliac  artery,  637 
epigastric,  637 
external  pudic,  637 
palmar  arch,  606 
perineal  artery,  627 
surgical  anatomy  of,  561 
temporal  artery,  560 
transverse  ligament  of  fingerBy 
494 
Superficialis  colli  nerve,  794 

volse  artery,  601 
Superior  maxillary  bone,  191 
articulations  of,  197 
attachment  of   muscles  to, 

197 
changes  in,  produced  by  age, 

197 
development  of,  196 
maxillary  nerve,  763 
meatus,  223,  850 
mediastinum,  1000 
medullary  velum,  750 
profunda  artery.  598 
thvroid  arterv,  554 

surgical  anatomy  of,  554 
turbinated  crest,  194 

of  palate,  200 
vena  cava,  669 
Supinator  brevis  muscle,  488 

longus,  485 
Supraclavicular  nerves.  785 
Suprahyoid  ai)oneurosis,  415 
Supramarginal  convolution,  720 
Supraraaxillarv  nerves  from  fa- 
cial, 7'77 
Supraorbital  arch,  173 
artery,  571 
foramen,  173,  219 
nerve,  761 
notch,  173 
Suprarenal  arteries,  617 
capsules,  1021 
development  of,  1 37 
nerves  of,  1023 
vessels  of,  1023 
plexus,  837 
veins,  677 
Suprascapular  artery,  587 
nerve,  800 
notch,  247 
Supraspinales  muscles,  440 
Supraspinatus  muscle,  475 
Supraspinous  fascia,  475 
fossa,  246 
ligaments,  324 
Supratrochlear  foramen,  253 

nerve,  760 
Sural  arteries,  641 
veins,  674 
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Surface  form  or  marking  of  ab- 
dominal aorta,  611 

of  acromio-clavicular  joint, 
346 

of  ankle-joint,  381 

of  anterior  tibial  artery,  644 

of  axillary  artery,  593 

of  back.  442 

of  bladder,  1028 

of  brachial  artery,  597 

of  branches  of  internal  iliac 
artery,  629 

of  carpus,  272 

of  cerebral  convolutions,  725 

of  clavicle,  243 

of  common  carotid  artery, 
551 

of  common  iliac  artery,  621 

of  cranium,  224 

of  dorsalis  pedis  artery,  645 

of  elljow,  354 

of  external  auditory  meatus, 
877 

of  external  carotid  artery, 
553 

of  external  iliac  artery,  621 

of  femoral  artery,  6^5 

of  femur,  292 

of  fibula,  301 

of  fifth  cranial  nerve,  771 

of  foot,  312 

of  head  and  face,  408 

of  heart,  980 

of  hip-joint,  368 

of  humerus,  255 

of  hyoid  bone,  230 

of  intestines,  946 

of  kidnejr,  1019 

of  knee-joint,  376 

of  knuckles  364 

of  larynx,  995 

of  liver,  957 

of  lower  extremity,  537 

of  lungs,  1004 

of  mouth,  909 

of  muscles  of  abdomen,  459 

of  neck,  429 

of  palmar  arches,  606 

of  palpebral  fissure,  873 

of  pancreas,  961 

of  patella,  294 

of  pelvis,  285 

of  plantar  arch,  650 

of  popliteal  artery,  640 

of  posterior  tibial  artery,  647 

of  radial  artery,  600 

of  radio-ulnar  joint,  supe- 
rior, 355 
inferior,  358 

of  radius,  263 

of  scapula,  249 

of  shoulder-joint,  350 

of  skull,  224 

of  spleen,  965 

of  spine,  164 

of  upper  extremity,  499 

of  stemo-clavicular  joint,  344 

of  Rterno-mastoid,  413 

of  stomach,  930 

of  subclavian  artery,  581 

of  tarsus  and  fcx)t,  312 

of  temporo-maxillary  joint, 
332 

of  thorax,  238 

of  tibia,  298 


Surface  form  or  marking  of  ulna, 
261 
of  ulnar  arterv,  604 
of  vertebral  column,  164 
of  wrist  and  hand,  272 
of  wrist-joint,  359 
Surgical  anatomy  of  abdominal 
aorta,  611 
of  abducent  nerve,  773 
of  acromio-clavicular  joint, 

346 
of  adductor  longus  muscle, 

516 
of  ankle-joint,  381 
of  anterior  tibial  artery,  644 
of  arch  of  aorta,  545 
of  arterv  of  the  bulb,  627 
of  ascending  pharyngeal  ar- 
tery, 560 
of  auditory  nerve,  778 
of  axilla,  591 
of  axillary  artery,  593 

glands,  687 

vein,  667 
of  azvgos  veins,  670 
of  base  of  bladder,  1089 
of  brachial  artery,  597 

plexus,  807 
of  branches  of  internal  iliac, 

629 
of  bend  of  elbow,  597 
of  bones  of  face,  227 
of  cavenious  sinus,  661 
of  cervical  glands,  686 

vertebne,  329 
of  clavicle,  243 
of  club-foot,  530 
of  common  carotid,  551 

iliac,  621 
of  deep  epigastric,  632 
of  deltoid  muscle,  474 
of  descending  aorta,  607 
of  dorsalis  pedis  artery,  645 
of  elbow-joint,  354 
of  Eustachian  tube,  911 
of     extensor     muscles     of 

thumb,  491 
of  external  carotid   artery, 
553 

ear,  890 

iliac  artery,  621 

jugular  vein,  655 
of  eye,  867 
of  facial  artery,  558 

vein,  654 

nerve,  777 
of  femoral  artery,  635 

hernia,  1072 
of  femur,  293 
of  foot,  bones  of,  313 
of  forearm,  bones  of,  263 
of  gluteal  artery,  629 
of  htemorrhoidal  veins,  674 
of  hamstrings,  522 
of  hand,  bones  of,  273 
of  hip-joint,  368 
of  humerus,  255 
of  hyoid  bone,  230 
of  hypoglossal  nerve,  788 
of  iliac  fascia,  507 
of  inferior  thyroid  artery, 
587 

vena  cava,  670 
of  inguinal  hernia,  1062 

glands,  688 


Surgical  anatomy  of  innominate 
artery,  548 

of  intercostal  nerves,  81 1 

of   internal   carotid  artery, 
570 
jugular  vein,  657 
mammary  artery,  589 
iliac  artery,  623 
j)udic  artery,  626 

of  intestines,  946 

of  ischio-rectal  region,  1C83 

of  joints  of  cervical   verte- 
bne, 329 

of  kidneys,  1019 

of  knee-joint,  376 

of  lachrymal  apparatus,  873 

of  laryngeal  nerves,  784 

of  laryngo-tracheal  region, 
995 

of  larynx,  995 

of  leg,  bones  of,  301 

of  lingual  arterv,  555 

of  liver,  957 

of  lumbar  plexus,  827 

of  lungs,  1006 

of  middle  meningeal  arterv, 
563 

of  motor  oculi  nerve.  758 

of  muscles  of  eye,  400 
of  lower  extremity,  539 
of  soft  palate,  425 
of  upper  extremity,  501 

of  musculo-spiral  nerve,  807 

of  nasal  fosae,  852 

of  nose,  851 

of  oesophagus,  913 

of  olfactory  nerve,  755 

of  optic  nerve,  756 

of  palmar  arch,  607 
fascia,  494 

of  pancreas,  961 

of  patella,  294 

of  pelvis,  bones  of,  285 

of  penis,  1037 

of  perinseum,  1083 

of  peroneal  or  external  pop- 
liteal nerve,  828 

of  pharynx,  911 

of  plantar  arch,  650 
ligaments,  384 

of  pleura,  998 

of  popliteal  artery.  640 

of  posterior  tibial,  647 

of  pronator  radii  teres  mus- 
cle, 481 

of  prostate  gland,  1033 

of  psoas  magnus,  507 

of  radial  artery,  600 

of  radio-ulnar  joint,  356 

of   rectus    femoris    muscle^ 
513 

of  ribs,  239 

of  saphena  veins,  673 

of  scapula,  249 

of  Scarpa's  triangle,  632 

of  sciatic  artery,  630 
(great)  nerve,  828 

of  scrotum,  1039 

of  serratus  magnus  muscle, 
473 

of  shoulder-joint,  350 

of  skull,  226 

of  spermatic  veins,  676 

of  spinal    accessory    nerre^ 
784 
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Soigical  anatomy  of  spine,  164 

of  spleen,  966 

of    stemo-clavicnlar    joint, 
344 

of    sterno-mastoid    muscle, 
413 

of  sternum,  239 

of  stomach,  930 

of  subclavian  artery,  581 

of  superior  tliyroid   artery, 
554 

of  synovial  sheaths  of  ten- 
dons of  wrbt,  492 

of  talipes,  530 

of  tarsal  joints,  384,  386 

of  temporal  artery,  561 

of  temporo-maxillary  joint, 
332 

of  testis,  1043 

of  thoracic  aorta,  607 

of  thorax,  239 

of  thyroid  gland,  1008 

of  tongue,  420,  846 

of  triangles  of  neck,  565 

of  triceps,  480 

of  trifacial  nerve,  771 

of  trochlear  nerve,  759 

of  ulnar  artery,  604 

of  urethra,  1031 

of  vertebral  arler^',  585 

of   vesico-prostatic    plexus, 
675 

of  vesiculte  seminales,  1045 

of  wrist-joint,  359 
Suspensory  ligament  of  incus,  882 

of  lens,  867 

of  liver,  949 

of  malleus,  881 

of  penis,  1035 
Sustentacular  cells  of  spleen,  963 
Sustentaculum  tali,  303 
Siitura,  317 
dentata,  317 
harmonia,  317 
limbosa,  317 
notha,  317 
serrata,  317 
squamosa,  317 
vera,  317 
Suture,  basilar,  209 
coronal,  207 
cranial,  207 
frontal,  207 
fronto-parietal,  207 
fronto-sphenoidal,  209 
intermaxillary,  219 
internasal,  21*9 
interparietal,  207 
lambdoid,  207 
masto-occipital,  209 
masto- parietal,  209 
occipi to-parietal,  207 
petro-occipital,  209 
petro-sphenoidal,  209 
saeittal,  207 
spheno-parietal,  209 
squamo-parietal,  209 
squamo-sphenoidal,  209 
temporal,  179 
transverse  facial,  209 
Swallow's  nest  of  cerebellum,  749 
Sweat-glands,  95 
Sylvius,  aqueduct  of,  740 
fissure  of,  728 
surface  marking  of,  725 


Sympathetic  nerve,  75,  829 

cervical  portion,  831 

cranial  portion,  831 

lumbar  portion,  835 

pelvic  portion,  836 

thoracic  portion,  834 
plexuses,  836 

cardiac,  836 

epigastric,  837 

hypogastric,  839 

pelvic,  840 

solar,  837 
Symphysis,  317 
of  jaw,  204 
pubis,  279,  341 
Synarthrosis,  316 
Syndesmo-odontoid  joint,  325 
Hyndosmosis,  317 
Synovia,  316 
Synovial  membrane,  96,  315 

articular,  315 

bursal,  316 

vaginal,  316.    See  also  In/di- 
vidual  Joints. 
System,  Haversian,  56 
Systemic  arteries,  541 
veins,  651. 

T. 

Tables  of  the  skull,  145 
Tactile  corpuscles,  76 

of  Grandy,  77 
Tenia  hippocampi,  735 

semicircularis,  734 

violacea,  753 
Tapetum  lucid  um,  863 

nigrum,  863 
Tarsal  artery,  645 

bones,  301 

ligament  of  eyelid,  870 

ligaments,  383 

plates  of  eyelid,  870 
Tarso-metatarsal       articulations, 

386 
Tarsus,  301 

articulations  of,  382 

surface  form  of,  312 

surgical  anatomy  of,  313 

synovial  membranes  of,  383 
development  of,. 310 
Taste-goblets,  844 
Teeth,  894 

bicuspid,  895 

body  of,  894 

canine,  894 

cement  of,  898 

cortical  substance  of,  898 

crown  of,  894 

crusta  petrosa  of,  898 

cuspidate,  894 

deciduous,  894 

dental  tubuli  of,  897 

dentine  of,  897 

development  of,  899 

enamel  of,  898 

eruption  of,  902 

eye,  894 

false  molars,  895 

fang  of,  894 

general  characters  of,  894 

growth  of,  901 

incisors,  894 

intertubular  substance  of,  898 

ivory  of,  897 


Teeth,  milk,  894,  896 
molar,  895 
multicuspidate,  895 
permanent,  894 
pulp-cavity  of,  896 
root  of,  894 
structure  of,  896 
temporary,  894,  896 
true  or  large  molars,  895 
wisdom,  896 
Tegmentum  of  cms  cerebri,  730, 

743 
Tegmen  tympani,  179 
Temporal' artery,  560 
anterior,  560 
deep,  563 
middle,  561 
posterior,  560 
surgical  anatomy  of,  561 
bone,  175 

articulations  of,  182 
attachment  of  muscles  to,  182 
development  of,  181 
mastoid  portion,  177 
petrous  portion,  178 
squamoas  portion,  175 
structure  of,  181 
fascia,  405 
fossie,  217 
ganglion,  833 
muscle,  405 

nerves    of   auriculo-temporal, 
769 
deep,  769 
of  facial,  777 
ridge,  173,  176,  217 
suture,  179 
veins,  654 
Temporary  cartilage,  51 

teeth,  894,  896 
Temi)oro-facial  nerve,  776 
Temporo-malar,  763 
Temporo-maxillary  articulation, 
329 
surface  form  of,  332 
surgical  anatomy  of,  332 
vein,  655 
Temporo-sphenoidal  lobe,  721 
Tendo  Achillis,  525 

palpebrarum  or  oculi,  396 
Tendon,  central,  or  cordiform,  of 
diaphragm,  447 
conjoined,  of  internal,  oblique 
and  transversalis,   453, 
1066 
structure  of,  391 
of  wrist,  relation  of,  492 
Tenon,  capsule  of,  852 
Tensor  palati  muscle,  424 
tarsi  muscle,  397 
tympani  muscle,  882 
canal  for,  181,  879 
vaginie  femoria  muscle,  510 
Tenth  nerve,  781 

surgical  anatomy  of,  784 
Tentorium  cerebelli,  705 
Teres  major  muscle,  476 

minor,  475 
Testes,  1040 
coni  vasculosi  of,  1042 
coverings  of,  1037 
development  of,  138 
gubernaculum  testis,  1045 
lobules  of,  1042 
lymphatics  of,  691 
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Testes,  mode  of  descent,  1045 
rete  testis,  1042 
size  and  weight  of,  1040 
structure  of,  1041 
surgical  anatomy  of,  1043 
tubuli  seminiferi  of,  1042 
tunica  albuginea,  1041 
vaginalis,  1040 
vasculosa,  1041 
vasa  efferentia  of,  1043 
vas  aberrans  of,  1043 
yas  deferens  of,  1042 
vas  recta  of,  1042 
Testes  muliebres,  1057 
Thalamencephalon,  121 
Thalami  optici,  738 
Thebesii  foramina,  680 

vense,  680 
Theca  vertebral  is,  695 
Thigh,  deep  fascia,  fascia  lata, 
508 
muscles  of  back  of,  520 

of  front  of,  507 
superficial  fascia,  508,  1072 
Third  nerve,  757 

surgical  anatomy  of,  758 
ventricle  of  the  brain,  739 
Thoracic  aorta,  607 

surgical  anatomy  of,  608 
artery,  acromial,  594 
alar,  594 
long,  594 
superior,  594 
duct,  682 

ganglia  of  sympathetic,  834 
nerves,  anterior,  800 

posterior,  or  long,  798 
region,  muscles  of  anterior,  469 
lateral,  472 
Thorax,  base  of,  967 
bones  of,  230 
boundaries  of,  967 
cavity  of,  967 

cutaneous  nerves  of,  anterior, 
810 
lateral,  810 
fasciae  of,  443 
general  description  of^  967 
lymphatics  of,  693 
muscles  of,  443 
parts  passing  through   upper 

opening  of,  967 
surface  form  of,  238 
Thumb,    articulation     of,    with 
carpus,  361 
muscles  of,  494 
Thvraus  gland,  1009 
'  lobes  of,  1009 
lymphatics  of,  1010 
Thvro-arvtfenoideus  muscle,  990 
Thyro-arvtenoid    ligament,    in- 
ferior, 988 
superior,  988 
Thyro-epiglottic  ligament,  986 
Thyro-epiglottideus  muscle,  991 
Thyro-hyal  of  hyoid  bone,  229 
Thyro-hyoid  arch  (foetal),  119 
ligaments,  987 
membrane,  987 
muscle,  413 
nerve,  788 
Thyroid  artery   inferior,  586 
superior,  554 
6urp:ical  anatomy  of,  554 
axis,  580 


Thyroid  branches  of  sympathetic, 
834 

cartilage,  984 

foramen,  280 

ganglion,  834 

gland,  1006 

isthmus  of,  1007 

lymphatics  of,  694 

veins,  inferior,  668 
middle,  657 
superior,  656 
Thyroidea  ima  artery,  547 
Tibia,  295 

articulations  of,  298 

attachment  of  muscles  to,  298 

crest  of,  295,  296 

development  of,  298 

fracture  of  shaft  of,  540 

nutrient  artery  of,  648 

spinous  process  of,  295 

surface,  form  of,  298 

surgical  anatomy  of,  301 

tubercle  of,  295 

tuberosities  of,  295 
Tibial  artery,  anterior,  643 
brandies  of,  644 
peculiarities  of,  644 
surface  marking  of,  644 
surgical  anatomy  of,  644 

lymphatic  glands,  688 

nerve,  anterior,  827 
posterior,  825 

recurrent  artery,  644 

veins,  anterior,  673 
posterior,  673 
Tibialis  anticus  muscle,  523 

posticus  muscle,  528 
Tibio'fibular  articulations,  378 

region,    anterior,   muscles    of, 
523 
posterior,  524 
Tibio-tarsal  ligament,  379,  380 
Tongue,  841 

arteries  of,  845 

fibrous  septum  of,  844 

fnenum  of,  841 

mucous  glands  of,  844 
membrane  of,  842 

muscles  of,  418 

nerves  of,  846 

papillae  of,  842 

serous  glands  of,  844 

surgical  anatomy  of,  846 
Tonsillar  artery,  557 

nerves,  781 
Tonsils,  904 

of  cerebellum,  749 

nerves  of,  904 

vessels  of,  904 
Torcular  Herophili,  168,  660 
Trabecnlse  of  corpus  cavemosum, 
1035 

of  foetal  skull,  118 

of  spleen,  962 

of  testis,  1041 
Trachea,  992 

cartilages  of,  994 

glands  of,  995 

relations  of,  992 

structure  of,  994 

surgical  anatomy  of,  996 

vessels  and  nerves  of,  995 
Trachelo-rnastoid  muscle,  438 
Tracheotomy,  976 
Trachoma  glands,  871 


Tractus  intermedio-lateralis,  703 

opticus,  755 
Tragicus  muscle,  876 
Tragus,  874 

Transversalis  colli  artery,  587 
muscle,  438 
fascia,  1067 
muscle,  455 
Transverse    ajteriee  of   basilar, 
585 
colon,  941 

disks  of  muscular  fibre,  66 
facial  artery,  561 

vein,  654 
fissure  of  brain,  736 

of  liver,  951 
ioint  of  foot,  381 
ligament  of  atlas,  325 
of  hip,  367 
of  knee,  373 
of  scapula,  347 
of  shoulder,  348 
superficial,  of  fingers,  494 
tibio-fibular,  379 
mesocolon,  925 
process  of  a  vertebra,  147 
sinus,  663 
suture,  209 
Transversus  auriculae,  876 
perinsei,  463 
(in  female),  466 
Trapezium  bone,  268 

of  pons,  715 
Trapezius  muscle,  430 
Trapezoid  bone,  268 

ligament,  346 
Triangle  of  elbow,  595 
of  Hesselbach,  1072 
inferior  carotid,  565 
of  neck,  anterior,  565 

posterior,  567 
occipital,  567 
Scarpa's,  632 
subclavian,  567 
submaxillary,  566 
suboccipital,  584 
superior  carotid,  566 
Triangular   interarticular   fibro- 
cartilsge,  357 
ligament    of    abdomen,    450, 
1065 
of  urethra,  465,  1086 
Triangularis  stemi  muscle,  444 
Triceps  extensor  cruris,  511 

extensor  cubiti,  479 
Tricuspid  valves,  974 
Trifacial  or  trigeminus  nerve& 
759 
surface  marking  of,  771 
surgical  anatomy  of,  771 
Trigone  of  bladder,  1028 
Trochanter,  greater,  287 

lesser,  288 
Trochanteric  fossa,  287 
Trochlea  of  femur,  290 

of  humerus,  253 
Trochlear  nerve,  758 

surgical  anatomy  of,  759 
Trochoides,  318 

True  ligaments  of  bladder,  1026 
pelvis,  282 
ribs,  234 
Trunk,  articulations  of,  321 

muscles  of,  429 
Tube,  Eustachian,  878 
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Tube,  Fallopian,  1056 
Tuber  annulare,  714 

cinereum,  729 

ischii,  278 
Tubercle,   carotid   or   ChasBaig- 
uac's,  148 

of  the  clavicle,  241 

of  the  femur,  288 

genital,  140 

of  hyoid  bone,  229 

lachrymal,  195 

laminated,  of  cerebellum,  749 

of  Lower,  972 

of  navicular,  306 

for  odontoid  ligaments,  167 

of  ribs,  235 

of  Bolando,  711 

of  scaphoid  of  carpus,  264 

of  tibia,  295 

of  ulna,  256,  257 

of  zygoma,  176 
Tubercles,  genial,  204 

mental,  204 

of  ribs,  235 
Tubercula  quadrigemina,  741 
Tuberculum  cuneatum,  710 
Tuberosities  of  humerus,  greater 
and  lesser,  249 

of  tibia,  295 
Tuberosity,  cuboid,  306 

of  ischium,  278 

maxillary,  192 

of  palate  bone,  201 

of  radius,  261 

of  ribs,  235 
Tubes,  bronchial,  993 

structure  of,  in  lung,  1003 
Tubular  secreting  glands,  98 

substance  of  kidnev,  1013 
Tubuli,  dental,  897 

of  Ferrein,  1015 

lactiferi,  1061 

seminiferi,  1042 

uriniferi,  1013 
Tuft,    vascular,  in    Malpighian 
bodies  of  kidney,  1013 
Tunica  adventitia,  82 

albuginea,  1041 

of  eye,  399 

intima  of  arteries,  80 

media,  81 

of  ovary,  1058 

Buyschiana,  857 

vaginalis,  1040 
oculi,  853 
propria,  1040 
reflexa,  1041 

vasculosa  testis,  1042 
Turbinated  bone,  inferior,  202 
middle,  188 
superior,  189 

crest,  inferior,  194 
superior,  194 
Tiirck,  fasciculus  of,  701 

surgical  anatomy  of,  788 
Tutamina  oculi,  869* 
Twelfth  nerve,  786 
Tympanic  artery,  from  internal 
carotid,  570 
from     internal     maxillary, 
562 

nerve,  779,  882 
of  facial,  775 

plate,  176 
Tympanum,  878 


Tympanum,  arteries  of,  882 

cavity  of,  878 

membrane  of,  880 

mucous  membrane  of,  882 

muscles  of,  882 

nerves  of,  882 

ossicula  of,  880 

veins  of,  882 
Tyson's  glands,  964 

U. 

Ulna,  256 
articulations  of,  260 
coronoid  process  of,  256 
development  of,  260 
fracture  of  coronoid  process  of, 

503 
muscles  attached  to,  260 
of  olecranon,  503 
process  of,  256 
of  shaft,  503 
sigmoid  cavities  of,  257 
styloid  process  of,  260 
surface  form  of,  261 
surgical  anatomy  of,  263 
tubercle  of,  256,*  257 
Ulnar  artery,  603 
branches  of,  604 
peculiarities  of,  603 
recurrent,  anterior,  604 

[)Osterior,  604 
surface  marking  of,  604 
surgical  anatomy  of,  604 
lymphatic  gland,  686 
nerve,  804 

surgical  anatomy  of,  807 
vein,  anterior,  665 
posterior,  665 
Umbilical  arteries  in  fcetus,  130, 
981 
how  obliterated,  983 
cord,  115 

fissure  of  liver,  951 
region,  contents  of,  916 
vein,  131 
vesicle,  108 
Umbilicus,  108,  458 
Unciform  bone,  269 

process  of  ethmoid,  188 
Uncinate  fasciculus,  744 

lobe,  723 
Uncus,  724 

Ungual  phalanges,  272 
Unstriped  muscle,  68 
Upper  extremity,  arteries  of,  677 
bones  of,  240 
fascia  of,  467 
ligaments  of,  342 
lymphatics  of,  686 
muscles  of,  467 
nerves  of,  800 
surface  form  of,  499 
surgical  anatomy  of,  501 
veins  of,  664 
Urachus,  114,  1027 
Ureters,  1020 
muscles  of,  1028 
nerves  of,  1021 
vessels  of,  1021 
Urethra,  bulbous  portion  of,  1031 
caput  gallinaginis,  1030 
development  of,  141 
female,  lOoO 
male,  1030 


Urethra,   membranous    portion, 
1030 

prostatic  portion,  1030 
sinus  01,  1030 

rupture  of,   course    taken  by 
urine,  1085 

sinus  pocularis  of,  1030 

spongy  portion  of,  1031 

structure  of,  1031 

surgical  anatomy  of,  1031 

verumontanum,  1030 
Urinary  organs,  1011 

development  of,  135 
Urogenital  sinus,  141 
Uterine  arteries,  624 

plexus,  840 
of  veins,  675 
Uterus,  1051 

appendages  of,  1056 

arbor  vitae  of,  1053 

broad  ligaments  of,  1052 

cavity  of,  1053 

development  of,  138 

in  foetus,  1055 

fundus,  body,  and  cervix  of, 
1051 

ganglia  of,  840 
nerves  of,  840 

ligaments  of,  1052 

lymphatics  of,  691 

maaculinus  or  utriculus  hom- 
inis,  138,  1030 

during  menstruation,  1055 

nerves  of,  1055 

in  old  age,  1056 

after  parturition,  1055 

during  pregnancy,  1055 

at  puberty,  1055 

round  ligaments  of,  1059 

shape,     position,    dimensions, 
1051 

structure  of,  1053 

vessels,  1055 
Utricle  of  vestibule,  888 
Uvea,  858 
Uvula  of  cerebellum,  749 

of  throat,  903 

veBlcs,  1028 

V. 

Vagina,  1050 

columns  of,  1051 

lymphatics  of,  691 

oritice  of,  1047 
Vaginal  arteries,  624 

plexus  of  nerves,  840 
of  veins,  675 

portal  plexus,  954 

process  of  temporal,  177, 180 

processes  of  spnenoid,  184 

synovial  membranes,  315 
Vagus,  ganglion  of  root  of,  782 

nerve,  781 

of  trunk  of,  782 
Vallecula  Sylvii,  728 
Valley  (vallecula)  of  cerebellum, 

748 
Valsalva,   sinuses  of,  544,  975, 

977 
Valve  of  Bauhin,  940 

coronary,  972 

of  cystic  duct,  957 

Eustachian,  973 

of  gall-bladder,  956 
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Valve  of  Hasner,  873 

ileo-coecal,  940 

of  Kerkring,  933 

mitral,  977 

of  Vieiiasens,  750 

Valves  in  right  auricle,  972 

of  lymphatics,  86 

pulmonic,  973 

semilunar  aortic,  977 

tricuspid,  974 

of  veins,  84 

Valvulae  conniventes,  933 

Vas  aberraiis,  1043 

deferens,  1043 

structure  of,  1043  | 

Vasa  aberrantia,  from  brachial  j 

artery,  597  i 

afierentia  of  lymphatic  glands, : 

682  I 

brevia  arteries,  614 

veins,  677 
efferentia  of  testis,  1042 

of  lymphatic  glands,  682 
intestini  tenuis  arteries,  614 

recta,  1042 
yasorum  of  arteries,  82 
of  veins,  85 
Vascular  system,  general  anat- 
omy of,  80 
changes  in,  at  birth,  983 
peculiarities  in  the    fcetus, 
981 
Vaso-motor  nerves,  74 
Vastus  externus  muscle,  511 
internus  and  crureus,  512 
Vater,  corpuscles  of,  77,  Note 
Veins,  general  anatomy  of,  84 
anastomoses  of,  651 
coats  of,  84 
•development  of,  130 
muscular  tissue  of  84 
plexuses  of,  651 
«ize,  form,  etc.,  651 
structure  of,  84 
valves  of,  84 
vessels  and  nerves  of,  85 
Veins  or  vein,  descriptive  anat- 
omy of,  652 
of  alee  nasi,  654 
angular,  653 
articular,  of  knee,  674 
auditory,  889 
auricular  anterior,  654 

posterior,  655 
axillary,  666 
azygos,  left  lower,  669 
left  upper,  669 
right,  669 
basilic,  666 
basi-vertebral,  671 
of  bone,  56 
brachial,  666 

brachio-cephalic    or    innomi- 
nate, 667 
bronchial,  670 
buccal,  655 
cardiac,  679 
anterior,  679 
left,  679 
posterior,  679 
right,  679 
cardinal,  131 
cava  superior,  669 

inferior,  675 
cephalic,  665 


Veins  or  vein,  cerebellar,  659 
cerebral,  658 
cervical,  ascending,  657 

deep,  657 
choroid  of  bruin,  659 
circumflex,  iliac,  674 

superficial,  672 
condyloid  posterior,  657,  661 
of  corpora  cavernosa,  1036 
of  corpus  spongiosum,  675 
of  corpus  striatum,  t>59 
cystic,  679 

deep,  or  venie  comites,  651 
dental  inferior,  655 
digital,  of  hand,  665 
of  diploe,  657 
dorsal  is  nasi,  654 

pedis,  672 
dorsi-spinal,  670 

of  penis,  675 
emissary,  663 

su laical  anatomy  of,  664 
epigastric,  674 

superficial,  672 
of  eyeball,  867 
facial,  6">4 
femoral,  674 
frontal,  653 
of  Galen,  659 
gastric,  678 
gastro-epiploic,  678 
gluteal,  674 
hemorrhoidal,  674 
of  head,  652 
hepatic,  677 
iliac,  common,  675 

external,  674 

internal,  674 
ilio-lumbar,  676 
inferior  cava,  675 
innominate,  667 
intercostal,  superior,  668 
interlobular,  of  kidney,  1018 

of  liver,  954 
interosseous  of  forearm,  666 
intralobular  of  liver,  954 
jugular,  anterior,  656 

external,  655 
posterior,  656 

internal,  656 
of  kidney,  1018 
labial,  inferior,  654 

superior,  654 
laryngeal,  668 
lateral  sacral,  675 
lingual,  656 
of  liver,  952 

longitudinal  inferior,  660 
lumbar,  676 

ascending,  676 
mammary  internal,  668 
masseteric,  654 
mastoid,  655 
maxillary  internal,  654 
median  cutaneous,  665 

basilic,  666 

cephalic,  666 
meduUi-spinal,  670 
meningeal,  655 
meningo-rachidian,  670 
mesenteric  inferior,  677 

superior,  677 
nasal,  653 
oblique,  679 
obturator,  675 


Veins  or  vein,  occipital,  655 
oesophageal,  669 
ophthalmic,  661 
ovarian,  676 
palatine,  inferior,  614 
palmar,  deep,  666 
palpebral,  inferior,  654 

superior,  654 
pancreatic,  677 
pancreatico-duodenal,  677 
parotid,  654 
peroneal,  673 
pharyngeal,  656 
phrenic,  677 
plantar,  external,  673 

internal,  673 
popliteal,  673 
portol,  651,  679,  954 
profunda  femoris,  674 
pterygoid  plexus,  654 
pudic,  external,  672 

internal,  674 
pulmonary,  652 
radial,  665 
ranine,  654,  656 
renal,  677,  1018 
sacral,  middle,  675 

lateral,  675 
Salvatella,  665 

saphenous,  external,  or  short, 
672 

internal,  or  long,  672, 1072 
sciatic,  674 
spermatic,  676 
spheno-palatine,  657 
spinal,  670 
splenic,  677 
stylo-mastoid,  655 
subclavian,  667 
sublobular,  953,  954 
submaxillary,  654 
submental,  654 
superficial,  651 
supraorbital,  653 
suprarenal,  677 
suprascapular,  656 
sural,  674 
systemic,  651 
temporal,  654 

middle,  654 
tem()oro-maxillary,  655 
thyroid  inferior,  668 

middle,  657 

superior,  656 
tibial  anterior,  673 

posterior,  673 
transverse  cervical,  656 

facial,  654 
alnar  anterior,  665 

common,  665 

deep,  666 

posterior,  665 
umbilical,  983 
vaginal  of  liver,  954 
vasa  brevia,  677 
vertebral,  657 
Vidian,  616 
Veins,  plexuses  o(  ovarian,  677, 
1060 
pampiniform,  676, 1039, 1060 
pharyngeal,  656 
pterygoid,  654 
spermatic,  676,  1039 
uterine,  675 
vaginal,  675 
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Veins,  vesico-prostatic,  657 
Veliiin  pendulum  palati,  903 

interpoeitum,  738 
Vena  cava,  superior,  669 
foetal,  132 
inferior,  675 
peculiarities  of,  676 
Vena?  comites,  651 
hepaticee  advehentes,  131 

revehentes,  131 
interlobulares  of  kidney,  1018 
recta?  of  kidney,  1018 
Thebesii,   or    minimte  conlis, 

680,  972 
vorticosre,  857 
Venesection,  665 
Venter  of  ilium,  276 

of  scapula,  244 
Ventricle  of  Arantius,  710 
Ventricle  of  brain,  third,  739 
fourth,  752 

lining  membrane  of,  753 
fifth,  737 
lateral,  732 

of  corpus  callosnm,  731 
of  heart,  left,  976 

right,  973 
of  larynx,  988 
Vermicular  motion,  68 
Vermiform  process  of  cerebellum, 
inferior,  749 
superior,  748 
Vernix  caseosa,  125 
Vertebra  prominens,  151 
development  of,  156 
Vertebrae,  146 
cervical,  147 
development  of,  154 
dorsal,  151 

seneral  characters,  146 
ligaments  of,  321 
lumbar,  153 
•  sacral,  157 

structure  of,  154 
Vertebral  aponeurosis,  435 
artery,  583 
column,  162 
articulation  of,  321 
o6Hiti(?ation  of,  154 
surface  form  of,  164 
ligaments,  321 

region,   muscles    of,   anterior, 
426 
lateral,  427 
vein,  657 
Vertex  of  skull,  210 
Vertical  plate  of  palate  l)one,  200 
Vemmontanuro,  1036 
Vesical  artery,  inferior,  624 
middle,  624 


Vesical  artery,  superior,  624 

plexus  of  nerves,  840 
Vesicle,  auditory,  124 

cerebral,  119 

germinal,  101 

ocular,  123 

of  Purkinje,  101 

umbilical,  109 
Vesicles,  (Iraafian,  1058 
Vesico-prostatic  plexus  of  veins, 

675 
Vesico-uterine  ligaments  1052 
Vesicula  prostatica,  1(K^ 
Vesicula*  seminales,  1044 

surgical  anatomy  of,  1045 
vessels  and  nerves  of,  1045 
Vesicular  nervous  matter,  69 

column  of  anterior  comu  of 
spine,  703 
Vestibular  artery,  889 

nerve,  889 
Vestibule  of  ear,  883 

acjueduct  of,  179,  883 
Vestigial  fold  of  pericardium,  668 
VibriswE,  848 
Vidian  arterv,  564 

canal,  186 

nerve,  766 
Vieussens,  valve  of,  750 
Villi,  934 

Viscera,  position  of,  in   abdom- 
inal regions,  914 

pelvic  positicm  of,  at  outlet  of 
pelvis,  1088 
Visceral  arches  (ftetal),  118 
Vitelline  circulation,  126 

membrane,  100 

spheres,  102 
Vitellus,  100 
Vitreous  humor  of  the  eye,  865 

table  of  the  skull,  146 
Vocal    cords,   inferior    or  true, 
988 
superior  or  false,  988 
Voice,  organs  of,  984 
Voluntary  muscles,  65 
Vomer,  203 

altt?  of,  203 

articulations  of,  203 

development  of,  203 
Vortex  of  heart,  979 
Vulva,  1047 

development  of,  140 

W. 

Wagner,    tactile    corpuscles    of, 

76 
Waters,  researches  on  the  lung, 
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Watnev  on  the  structure  of  villi, 
935 
of  thymus,  1010 
Weight  of  organs.     See  Individ' 

iial  nryans. 
Wharton's  duct,  906 
White  fibrous  tissue,  45 

substiince  of  cord,  700 
of  Schwann,  71 

nerve-substance,  70 
Willis,  circle  of,  575,  586 
Winslow,  foramen  of,  918 

ligament  of,  370 
Wistlom  tooth,  896 
Wolffian  b(Kly,  135 
Womb.     See  lltrms. 
Wormian  bones,  190 
Wrisberg,  cartilages  of,  986 

ganglion  of,  836 

nerve  of,  802 
Wrist-joint,  358 

surface  form  of,  272,  359 

surgical  anatomv  of,  359 
Wry-neck,  413 

X. 

Xiphoid  appendix,  231 

Y. 

Y-ligament,  366 

Y-sha|)ed  centre  of  acetabulum, 

280 
Yellow  elastic  fibrous  tissue,  46 

cartilage,  53 

spot  of  retina,  860 
Yolk,  101 

cleavage  of,  1 02 

sac,  109 

Z. 

Zinn,  ligament  of,  399 
Zona  arcuata,  887 

fasciculata,  1022 

glomerulosa,  1022 

{>ellucida,  101 

radiata,  101 

reticularis,  1022 

vasculosa,  1058 
Zygoma,  176 

roots  of,  176 

tultercle  of,  176 
Zygomatic  arch,  218 

fossjp,  218 

lymphatic  glands,  683 

process  of  malar,  199 
Zygomaticus  major  muscle,  402 

minor,  402 
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THE  STUDENTS* 

Dictionary  of  Medicine 

AND  THE  ALLIED  SCIENCES. 

COMPRISING     THE     PRONUNCIATION,     DERIVATION     AND     FULL     EXPLANATION    OF    MEDICAL    TERMS; 
TOGETHER  WITH  MUCH  COLLATERAL  DESCRIPTIVE  MATTER,    NUMEROUS  TABLES,    ETC. 

By   ALEXANDEB   DUANE,  M.D., 

AwisUmi  Surgeon  to  the  New  York  Ophthcdmic  and  Aurcd  Institute ;  Reviser  of  Medical  Terms  for 
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Dr.  Alexander  Duane,  who  la  well-known  ajB  a  medical 
writer  of  wide  experience,  and  who  has  had  special  training 
aa  the  Reviier  of  Medical  Terms  for  Wehsters  IntemaHovuU 
DieHonary,  has  issued  a  work  which  proves  to  be  a  model  of 
conciseness,  convenience  and  thoroughness.  The  book  is 
brought  accurately  to  date  by  extended  research.  The 
definition  of  diaeasefi  Includes  a  brief  synopsia  of  their 
etlolonr,  symptoms  and  treatment;  the  anatomical  and 
physiological  terms  are  accompanied  by  outlines  of  the 
essential  features  of  structure  and  function,  and  each  drug 
is  described  with  its  action,  therapeutic  uses,  and  nharmar 
copoeial  preparations.  Although  contained  within  the 
limits  of  a  handy  volume  of  650  pages,  many  of  the  defi- 
nitions possess  encyclopeedlc  value.  UaeAil  anatomical  and 
other  data  are  tabulated  with  originality  and  precision. 
Under  the  word  Artery,  for  example,  is  found  a  table  cover- 
ing eight  pages,  presenting  the  origin,  lateral  and  terminal 
branches  and  their  distribution,  of  each  veswl.  Twenty 
tabular  peges  are  allotted  to  the  origin,  direction,  and  inser- 
tion of  the  muScles,  with  their  action  and  nerve  supply ; 
while  thirty-two  more  are  given  to  the  "  Table  of  Bactena 
and  Fungi,"  with  their  ongin,  morphological  characters, 
proper  temperature  for  culture,  properties,  etc.,  as  well  as  a 
complete  list  of  all  bacteriological  diseases.    The  latter  is 


the  most  comprehensive  and  serviceable  table  of  the  kind 
yet  teued.  The  system  of  pronunciation  is  sim^e,  and  the 
spelling  is  in  accordance  with  the  best  usage.  JDeiivatlonB 
from  foreign  tongues  are  given,  those  fromlhe  Greek  being 
in  English  text  for  the  benefit  of  readers  unfamiliar  with 
the  osnglnal.  The  author  is  to  be  congratulated  upon  the 
producuon  of  a  work  combining  such  practical  utili^  with 
a  ftind  of  most  extensive  research.— ifedi^xU  Record,  Nov. 
10,1894. 

It  is  a  work  of  very  high  merit,  and  that  it  will  be  recog- 
nized as  the  standard  dictionary  for  students  we  have  no 
doubt  The  author  has  striven  to  give  succinct  information 
concerning  every  word  that  the  student  or  physician  will  be 
likely  to  meet  with  in  the  course  of  his  proresBional  reading. 
The  vocabulary  is  very  liberal.  The  definitions  are  of  a 
descriptive  kind,  including  not  only  what  the  word  defined 
is,  but  also  much  descriptive  matter  which  explains  its 
nature  more  tally.  Under  diseases  are  given  their  symp- 
toms and  treatment ;  under  drugs  are  given  their  properties, 
efibcts  and  doses.  Extensive  uibles  of  bactraia,  muscles, 
arteries,  veins,  nerves,  etc.,  are  included.  The  pronun- 
ciation of  each  word  is  given  by  a  simple  and  obvious 
phonetic  spelling.— 37^  Charlotte  Medical  Journal,  October, 
1894. 


From  A.  !<.  I<oomis,  M.D., 

Professor  Pathology  and  Practice  qf  Medicine,  Medical 
Ijepartment,  University  Oiy  qf  Neio  York,  New  York. 
It  seems  to  me  entirely  satisfactory  for  the  purpose  for 
which  it  is  intended. 

From  J,  O.  'WilBon,  M.D., 

Professor  (^Medicine,  Jefferson  Medical  College,  Phila. 
It  appears  to  be  well  suiteid  to  the  purposes  of  the  medical 
student,  being  simple  as  regards  derivations  and  pronun- 
ciation, explicit  yet  sufficiently  comprehensive  in  defini- 
tions, and  thoroughly  up  to  the  times. 

From  A.  Alexander  Smith,  M.D.; 

Professor  Principles  and  Practice  of  Medicine^  Bdlevue 
Hospital  Medical  College,  New  York  CUu. 
I  have  used  Duart^s  Dictionary  in  my  aally  work,  and 
find  it  admirable.   It  is  unusually  complete  ana  satisfactory 
as  a  working  dictionary. 


I  From  James  T.  Whittaker.  M.D., 

Professor  Theory  and  Practice  of  Medicine,  Medical  Col' 
'  lege  of  Ohio,  Cincinnati,  0. 

I  find  it  admirably  adapted  to  the  wants  of  students,  and 
thoroughly  modem  in  every  particular  in  which  I  have 
taken  occasion  to  consult  it.  I  shall  certainly  recommend 
it  to  my  class. 

From  Oeorge  Dock,  M.D.. 

Professor  Theory  and  Practice  of  Medicine,  University  of 
Michigan,  Ann  Arbor,  Mich. 
A  brief  but  critical  examination  shows  remarkable  Ail- 
I  ness  of  vocabulary,  with  excellence  of  definition— the  most 
important  points,  in  my  opinion,  in  a  work  of  this  kind. 
I  "Duane"  deserves  wide  use  on  account  of  the  advan- 
tages I  have  mentioned,  and  its  convenient  sise  and 
clear  type. 


The  National  Medical  Dictionary, 

INCLUDD7G   ENGLISH,    FRENCH,    GERMAN,    ITALIAN   AND  LATIN    TECHNICAL  TERMS  USED   IN   MEDICINE 
AND  THE  COLLATERAL  SCIENCES,    AND    A  SERIES  OF  TABLES  OF  USEFUL    DATA. 

By  JOHN  S.  BILLINGS,  M.D.,  LL.D.,  Edin.  and  Harv.,  D.C.L.,  Oxen., 
Member  of  the  Naiumal  Academy  cf  Sdenees,  Surgeon  U,  S,  A,,  etc 

In  two  very  handsome  royal  octavo  volumes  containing  1574  pages,  with  two  colored  plates. 
Per  volume :  Oloth,  $6.00 ;  leather,  $7.00 ;  half  Morocco,  marbled  edges,  $8.50. 

For  sale  by  subscription  only.     Specimen  pages  on  appHeation,     Address  the  Publitiiers, 

Its  scope  is  one  which  will  at  once  satisfy  the  student  and  enabled  by  the  work  under  notice  to  read  intelligently  any 

meet  all  the  requirements  of  the  medical  practitioner.    The  technical  treatise  in  any  of  the  four  chief  modem  languages, 

work  is  remarkable,  too,  for  its  fulness,    it  presents  to  the  There  cannot  be  two  opinions  as  to  the  great  value  and 

English  reader  a  thoroughly  scientific  mode  of  acquiring  useflilness  of  this  dictionary  as  a  book  of  ready  reference 

a  nch  vocabulary  and  offers  an  accurate  and  ready  means  for  all  sorts  and  conditions  of  medical  men.    So  far  as  we 

of  reference  in  consulting  works  in  any  of  the  three  modem  have  been  able  to  see,  no  subject  has  been  omitted,  and  in 

continental  languages  which  are  richest  in  medical  litera-  respect  of  completeness  it  will  be  found  distinctly  superior 

ture.    Apart  ftom  the  boundless  stores  of  information  which  to  any  medical  lexicon  yet  published.— TTie  London  Lancet. 
may  be  gained  by  the  study  of  a  good  dictionary,  one  is 


HOBLYN'8  DICTIONARY  OF  THE  TERMS  USED  IX 
MEDICINE  AND  THE  (COLLATERAL  SCIENCES.  By 
Richard  D.  Hoblyn,  M.D.    Revised  by  Isaac  Hays,  M.D. 


In  one  12mo.  volume  of  520  double-columned  pages.  Cloth, 
S1.50 ;  leather,  f2.00. 


Lea  Brothers  &  Co.,  Publishers,  706,  708  &  710  Sansom  Street,  Philadelphia. 


DUNeLISON'S  PRONOUNCING   MEDICAL  DICTIONARY. 
•  TWENTY-FIRST  EDITION.    THOROUGHLY  REVISED. 


DUNGLISON'S   DICTIONARY 
OF  MEDICAL  SCIENCE. 

GONTAIKINQ  ▲  FULL  EXPLANATION  OF  THE  YABIOUS  SUBJECTS  AND  TERMS  OF  AKATOXY,  PHTSIOLOOT, 
MEDICAL  CHEMISTBY,  PHABMACY,  FHABMAGOLOOY,  THERAPEUTICS,  MEDICINE,  HYGIENE,  DIETETIGS, 
PATHOLOGY,    SURGERY,    OPHTHALMOLOGY,   OTOLOGY,    LARYNGOLOGY,    DERMATOLOGY,    GYNE- 
COLOGY,   OBSTETRICS,   PEDIATRICS,   ICEDICAL  JURISPRUDENCE  AND  DENTISTRY,  ETC.,  ETC. 

By  ROBLEY  DUNGLISON,  M.D.,  LL.D., 

Laie  Profetwr  of  Institutea  of  Medicine  in  iht  J^enon  Medical  OMege  of  JPIuladelphia. 

Edited  by  RICHARD  J.  DUNGLISON,  A.M.,  M.D. 

New  (2lBt)  edition,  thoroughly  revised,  greatly  enlarged  and  improved,  with  the 

FBOHDKCUTION,  iCCEmiTION,  AKD  DMATION  OF  TIE  TEBIS. 

In  one  magniiloent  imperial  ootavo  volume  of  1191  pages.   Cloth,  $7.00 ;  leather.  $8.0O. 

THIS  great  medical  dictionary,  which  has  been  for  more  than  two  generations  the  standard  of  the 
English-speaking  race,  is  now.  after  several  years  of  incessant  labor,  issued  in  a  thorouffhlj  revised 
and  gre&7  eniaiged  and  improvea  edition.  The  new  words  and  phrases  aggresate  by  actual  count  over 
44,000.  and  by  themselves  would  fill  a  large  volume.  Space  has  been  gained  by  the  excision  of  every- 
thing obsolete,  and  the  page  has  been  much  enlarged,  so  that  while  the  new  edition  contains  far  more 
matter  than  its  predecessor,  the  whole  is  aocommodatea  vdthin  a  volume  convenient  for  the  hand. 

The  revision  has  not  only  covered  every  word  but  it  has  resulted  in  a  number  of  important  new 
features  designed  to  confer  on  the  work  the  utmost  usefulness,  and  to  make  it  answer  the  most  advanced 
demands  of  the  times. 

Pronunciation  has  been  introduced  throughout  by  means  of  a  simple  and  obvious  system  of 
phonetic  spelling.  At  a  glance  the  proper  sound  of  a  word  is  clearly  indicated,  and  thus  a  most 
important  desideratum  is  supplied. 

Derivation  affords  the  utmost  aid  in  recollecting  the  meanings  of  words,  and  gives  the  power  of 
analyzing  and  understanding  those  which  are  unfamiliar.  It  is  here  indicated  in  the  simplest  manner. 
Greek  words  are  spelled  with  English  letters,  and  thus  placed  at  the  command  of  those  unfamiliar  with 
the  Greek  alphabet. 

Definitions,  the  essence  of  a  dictionary,  are  clear  and  full,  a  characteristic  in  which  this  work  has 
always  been  preeminent  In  this  edition  much  explanatorv  and  encyclopedic  matter  has  been  added, 
especially  upon  subjects  of  practical  importance.  Thus  under  the  various  Diseases  will  be  found  thdr 
symptoms,  treatment,  etc. ;  under  Drugs  their  doses  and  effects ;  under  Poisoning  the  symptoms,  treatment 
and  antidotes,  etc,  etc.  A  vast  amount  of  information  has  been  clearly  and  conveniently  condensed  into 
tables  in  the  alphabet. 

The  typography  is  thoroughly  in  keeping  with  the  excellence  of  the  literary  material.     In  a  woild, 

both  the  editor  and  the  publishers  have  felt  that  the  world-wide  reputation  of  Dunglieon^a  Dictionary 

has  rendered  it  incumbent  on  them  to  ensure  that  in  its  remodelled  and  enlarged  shape  it  should  be 

found  equal  to  all  that  the  student  and  practitioner  can  expect  from  such  a  work. 

The  new  sabjects  and  temu  treated  are  no  leas  than  forty-  the  latest  edition.  Besides  mere  definitions,  some  of  the 
four  thousand,  sufficient  in  themselves  to  form  a  larse  vol- 
ume. There  has  been  a  ixraiseworthy  attempt  to  render  the 
work  an  epitome  of  the  existing  condition  of  medical 
science.  Thus,  under  the  heading  uemla,  besides  the  defi- 
nition of  the  condition,  a  condensed  table  Is  given  of  the 
viurious  forms,  and  a  brief  r68um6  Is  given  of  the  therapeutic 
indications,  under  the  heading  Mumurs,  besides  a  descrip- 
tion of  the  various  forms,  a  table  is  given  of  the  significance 
of  the  murmurs  of  valvular  origin.  Under  Bacteria  the 
leading  classiflcations  are  recoraed,  and  a  paragraph  is 
devot^  to  the  questions  of  the  determination  of  the  potho- 

fenic  properties,  and  another  to  modes  of  culture  of  the 
acteria.    In  addition,  the  work  is  for  the  first  time  made  a 
pronouncing  dictionaiy.— ifonfrea^  Medical  Journal. 

The  twenty-first  edition  is  thoroughly  revised  and  greatly 
enlarged,  with  new  features  treating  of  punctuation,  accent- 
uation, and  derivation  of  terms.  CJoverIng  the  entire  field  of 
medicine,  surgery,  and  the  collateral  sdences,  its  range  of 
usefulness  can  scarcely  be  measured.  Perhaps  the  most  valu- 
able feature  in  the  present  work  is  the  addition  of  a  vast !  symptoms,  treatment,  and  nrojgnosls  of  many  of  the 
amount  of  practical  mtitter.— Medical  Record.  diseases  described,  that  the  TOlume  is  entitled  to  be  called 

Pronunciation  is  indicated  by  the  phonetic  system.    The  i  an  encyclopcedia  rather  than  a  dictionarv.    The  revise  has 
definitions  are  unusually  clear  and  conci^.    The  book  is   elaborated  the  Amdamental  purpose  of  the  distinguished 


articles  are  accompanied  by  brief  monographs,  which 
materially  add  to  the  value  of  the  work.— ^rw  Orteoiw  Med- 
ical and  Surgical  Journal,         « 

The  new  "  Dunglison  "  is  new  indeed.  The  vast  amount 
of  new  matter  and  the  thoroughness  with  whi6h  the  work 
has  been  brought  down  to  date  cannot  fkil  to  strike  even 
the  least  observant  reader.  The  immense  advances  made 
in  all  branches  of  medical  science  here  find  representation. 
A  prominent  and  verv  uaeftil  feature  of  tiie  old  book  is  re- 
tained and  amplified  in  this— we  mean  the  tables,  which 
recur  with  great  frequency  and  represent  a  vast  amount  of 
condensed  information.    In  respect  to  accuracy  the  book 

Suite  equals  and  usually  suinasses  any  of  its  contemponiTies 
lat  we  are  acquainted  with.  The  new  ''Dunglison"  has 
been  brought  down  to  date,  so  as  to  represent  adequately 
the  latest  advances  in  medical  science.— 2%e  American 
Journal  of  the  Medical  Sdencee. 

So  ftilly  have  derivations  and  definitions  been  considered, 
and  so  great  is  the  amount  of  practical  matter,  such  as 


wholly  satisfactory.-  University  Medical  Ma^iaztne. 

In  the  present  edition  a  thorough  system  of  phonetic 
spelling  gives  the  pronunciation  of  all  words  that  are  not 


author,  "  to  make  the  work  not  a  mere  lexicon  of  terms, 
but  to  aflfbrd  under  each  a  condensed  view  of  its  various 
medical  relations,  and  thus  to  render  the  work  an  epitome 
of  the  existing  conditions  of  medical  science.  "—7Ae  Srook- 


80  simple  as  to  require  no  key.    The  clearness  and  fiilness 

of  the  definitions  have  always  characterized  Dungllson's  '  Ij/n  Medical  Journal. 

Dictionary.    This  feature  has  received  careful  attention  in  | 
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Anatomy,  Descriptive  and||Surgical. 

By  HENRY  GRAY,  F.R.S., 

LEOTUBEB  ON  ANATOMY  AT  ST.  GEORGE'S  HOSPITAIi,  LONDON. 

Edited  by  T.  PICKERING  PICK,  F.RC.S., 

Surgeon  to  arid  Lecturer  on  Anatomy  at  SL  Charges  HoepUaL  London,  Exammer  irilAnatomyf  Eoyal  OoQege  of 
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A  HEW  AKBBIOAH  F&OM  TEE  THIETBBJTH  EHLAEQBD  AJD  IMPEOVED  LOHDOV  EDITIOE. 

In  one  imperial  ootaTo  Tolume  of  1118  pases,  with  686  large  and  elaborate  ennravinjte  on  wood. 

Price  of  edition  with  illustrations  in  oolors  (see  below):  Cloth,  $7.00;  leather,  88.00. 

Price  of  edition  with  illustrations  in  black:  Oloth,  $6.00;  leather,  S7.00. 

INCE  1857  Ora^a  Anatomg  has  been  the  standard  work  used  by  students  of  medicine  and  practitioners 
in  all  EngUsh-Bpeaking  races.  So  preeminent  has  it  been  among  the  many  works  on  the  subject  that 
thirteen  editions  have  been  required  to  meet  the  demand.  This  opportunity  for  frequent  revisions  has 
been  fiilly  utilized  and  the  work  has  thus  been  subjected  to  the  careful  scrutiny  of  many  of  the  most 
distinguished  anatomists  of  a  generation,  and  thus  a  degree  of  completeness  and  accuracy  has  been  secured 
which  is  not  attainable  in  any  other  wav.  In  no  former  revision  has  so  much  care  been  exercised  as  in 
the  present  to  provide  for  the  student  all  the  assistance  that  a  text-book  can  furnish. 

The  engravings  have  alwavs  formed  a  distinguishing  feature  of  the  work,  and  in  the  present 
edition  the  series  has  been  enriched  and  rendered  complete  by  the  addition  of  many  new  ones.  The 
liu'ge  scale  on  which  the  illustrations  are  drawn  and  tne  clearness  of  the  execution  render  them  of 
unequalled  value  in  affording  a  grasp  of  the  complex  details  of  the  subject  As  heretofore  the  name 
of  each  part  is  printed  upon  it,  thus  convepng  to  Uie  eye  at  once  Ihe  position,  extent  and  relations  of 
each  orffan,  vessel^  muscle,  bone  or  nerve  with  a  deamees  impossible  when  figures  or  lines  of  reference 
are  employed.  Distinctive  colors  have  been  used  to  give  additional  prominence  to  the  attachments  of 
muscles,  and  to  the  veins,  arteries  and  nerves.  For  the  sake  of  those  who  prefer  not  to  pay  the  slight 
increase  in  cost  necessitated  by  the  use  of  colors  the  volume  is  published  also  in  black  alone. 

The  illustrations  thus  constitute  a  complete  and  splendid  series,  which  will  greatly  assist  the  student 
in  forming  a  clear  idea  of  Anatomy,  and  will  also  serve  to  refresh  the  memory  of  those  who  maj  find  in 
the  exigencies  of  practice  the  necessitv  of  recalling  Uie  details  of  the  dissecting-room.  Combining,  as  it 
does,  a  complete  Atlas  of  Anatomy  with  a  thorough  treatise  on  systematic,  descriptive  and  applied  Anatomy, 
the  work  will  be  found  of  great  service  to  all  pnysicians  who  receive  students  in  their  offices,  relieving 
both  preceptor  and  pupil  of  much  labor  in  laying  the  groundwork  of  a  thorough  medical  education. 

As  this  work  covers  a  more  extended  range  of  subjects  than  is  customary  in  the  ordinary  text-books, 
givii^  not  only  the  details  necessaiy  for  the  student,  but  also  the  application  of  those  details  to  the 
practice  of  medicine  and  surgery,  it  furnishes  both  a  guide  for  the  learner  and  an  admirable  work  of 
reference  for  the  active  practitioner. 

Many  good  works  on  anatomv  have  appeared  during  the  I  Oray*8  Anatomy  tbirteenth  edition.  The  text  has  been 
past  few  yean,  but  we  believe  that  teacneis  of  anatomy  are  thoroughly  revued ;  tiie  lllustzations  are  unsurpassed,  and 
almost  unanimouB  in  lecoimnendlng  "  Gray  "  as  the  stan- 
dard work  for  the  student  The  illustrations  are  conceded 
to  be  the  best  that  have  yet  been  given  to  the  profession. 
In  short  Oray*8  AncUomy  is  the  ideal  text-book  on  this  sub- 
ject, and  It  is  sufficient  to  say  of  the  present  edition  that  It  Is 
folly  equal  to  the  previous  ones,  with  many  valuable  addi- 
tions, and  that  it  fully  deserves  the  same  unqualliled  com- 
mendation it  has  received  in  the  jtasL^Cleveland  Medical 
Gazette. 

For  nearly  fattv  years  Gray's  Anatomy  has  been  the  rec- 
ognised text-book  used  by  tne  great  majority  of  English- 
students  of  medicine.    The  careHil  scrutiny  to 


most  aamira.\)le.--Brooklyn  Medical  Journal. 

In  modem  times  no  book  on  any  medical  subject  has 
held  the  position  of  a  standard  so  long  as  Oray'8  Anatomy. 
A  pioneer  in  helpf^  drawings ;  it  Is  still  in  the  van,  and 
leads  in  every  improvement.  Indeed,  it  is  of  itself  a 
complete  atlas  of  anatomy.  The  physician  or  student  who 
requires  but  one  work  on  anatomy  will  not  need  to  ask 
which,  nor  will  those  who  will  have  more  than  one  need 
to  ask  which  one  to  add.  The  work  is  admitted  to  be  easily 
first  on  anatomy  in  any  language.— 27^  American  Praetu 
tioner  and  Newe. 
We  always  had  a  kindly  regard  for  the  illustrations  in 
which  if  has  been  subjected  in  this  time  and  the  succemive  Oray^  where  each  organ,  tissue,  arterr,  and  nerve  bear 
issues  of  thirteen  ediaons  have  made  it  what  it  is  to-day,  their  respective  names,  and  in  this  edition,  color  has  been 
the  most  perfect  work  of  its  kind  extant  In  the  present  worked  to  advantage  in  bringing  out  the  relationship  of 
volume  the  text  has  been  thoroughly  revised  and  a  number  vessel  and  nerve.  Of  late  years,  many  works  on  anatomy 
of  excellent  engravings  added  to  the  series  of  illustrations  have  been  introduced  to  the  profession,  but  as  a  reference 
which  have  contributed  so  much  to  the  useftilness  of  pre-  book  for  the  practical  every-day  phvsician,  and  as  a  text- 
vioos  editions. — XhtivertUy  Medical  Maffoztne.  book  for  the  student,  we  think  It  will  be  difficult  to  supplant 

Gray  has  been  the  unvarying  standard  for  anatomical   QT&v.—  B^|falo  Medical  and  Surgical  Jounial. 
study  by  the  vast  majority  of  English-speaking  medical       Tne  matchless  book  of  the  doctor's  or  surgeon's  library 
students  for  so  long  Uiat  it  would  seem  an  anomaly  to  see    is  and  has  been  Gray's  Anatomy.  Since  1857  it  has  held  the 
a  student  acquire  such  knowledge  from  some  other  source,   leading  place  in  all  colleges  as  a  text-book,  and  has  been 
—Medical  Fwrtnightly.  the  one  central  ficfure  in  the  many  text-books  in  anatomy 

It  has  thoroughly  and  completely  established  itself  as  the  j  that  have  claimed  attention     It  is  still  the  standard  text- 
anatomy,  par  excwenee.   If  we  were  asked  to  name  a  book  I  book-.—Kansae  City  Medical  Index. 
as  the  ideal  of  book-making  we  should  unhesitatingly  say,  I 
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Maffnifioeat  folio,  containing  220  pages  of  text,  illustrated  with  123  engravings  and  39  full-fttge 
photographic  plates  from  nature.  In  four  parts,  price,  each,  $5.00.  Complete  work  just  r^idj.  limited 
edition,  for  sale  hy  subscription  only.     Address  the  PubUdters. 

We  hare  before  us  the  fourth  and  last  part  of  the  latest )  been  hitherto  no  oomprehensive  work  on  the  sal^ct  in  the 
and  best  work  on  human  monstrosities.  This  completes 
one  of  the  masterpieces  of  American  medical  literature. 
Typographically  and  firom  an  artistic  standpoint,  the  work 
Is  unexceptionable.  In  this  last  and  final  volume  is  pre- 
sented Uie  most  complete  bibliography  of  teratological  lit- 
erature extant  No  library  will  be  complete  without  this 
magnificent  work.— JoumaZ  qf  the  Ameruxm  Medical  Aaso- 
etaaon. 

It  will  take  its  place  as  a  standard  work  on  teratology  in 


English  language,  the  literature  of  the  subject  m  English 
being  scattered  and  not  always  easy  of  access.  The  aumon 
of  the  work  before  us  have  placed  the  English  -speaking 
profession  greatly  in  their  debt  by  undertaking  what  must 
nave  largely  been  a  labor  of  love  and  by  producing  a  work 
which  certainly  fills  a  gap  in  ignjyiiab  medical  literature.— 
Boston  Medical  and  Surgical  JoumaL 

This  work  promises  to  be  one  for  which  a  place  must  be 

found  in  the  library  of  every  anatomist  pathologist,  ob- 

medical  libraries,  and  it  must  always  retain  the  honor  of  i  stetriclan,  and  teratologist    It  is  the  Joint  production  of 


being  the  first  of  its  kind  written  in  the  English  language 
—The  BriHth  Medical  Journal. 

The  authors  have  sought  to  present  in  a  concise  and  con- 
venient form  a  treatise  on  Teratology  which  the  obstetrician 
and  pathologist  can  consult  for  an  explanation  and  classifi- 
cation of  the  graver  anomalies  in  development  occasionally 
met  with  In  medical  practice.    So  fieur  as  we  know  there  has 


an  obstetrician,  and  an  embryologist  and  histologist,  and 
this  fact  makes  it  certain  that  both  the  obstetric  and  anato- 
mical sides  of  the  subject  will  be  ftilly  represented  and 
described.  The  book  promises  to  be  one  of  the  neatest 
value  to  the  English-speaking  medical  world.— iStztfiMcr^A 
Medical  Journal. 


Allen's  System  of  Human  Anatomy. 

A  System  of  Human  Anatomy,  Inclndinffits  uedical  and  Snrcdcal  Belations.    For 

the  use  of  Practitioners  and  Students  of  Medicine.  ByHABBisoN  Axusn,  M.D.,  Professor  of  Physiology 
in  the  University  of  Pennsyivama.  With  an  Introdactoiy  Section  on  Histology  by  R  O.  Shakbsfeabe, 
M.D.,  OphUialmologist  to  the  Philadelphia  Hospital.  Comprising  813  double-columned  quarto  pages, 
with  880  lUnstrations  on  109  full-page  litnographic  plates,  many  of  which  are  in  colors,  and  241  engrav- 
ings in  the  text  In  six  Sections,  each  in  a  portfolio.  Price,  per  Section,  $3.50;  also  bound  in  one 
volume,  cloth,  $23.00 ;  half  Russia,  $25.00.     ForsaUhy  mtbaeription  tmly.     Address  the  PubUahers, 

Anatomy.    Cloth,  $1.75.     See  lU  students  Qudz  Series,  page  30. 

Holden's  Landmarks,  Medical  and  Surgical. 

Landmarks,  Medical  and  Surgical.    By  Luther  Holdek,  F.R.C.S.,  Surgeon  to  St. 

Bartholomew's  and  the  Foundling  Hospitals,  London.  Second  American  from  the  third  and  revised 
English  edition,  with  additions  by  W.  W.  Keek,  M.I).,  Professor  of  Artistic  Anatomy  in  the  Penna. 
Acaidemy  of  Fine  Arts.     In  one  12mo.  volume  of  148  pages.     Cloth,  $1.00. 

Clarke  &  Lockwood's  Dissector's  Manual. 

The  Dissector's  Manual.  By  W.  B.  Clarke,  F.R.C.S.,  and  C.  B.  Lockwood,  F.RC.S., 
Demonstrators  of  Anatomy  at  St.  Bartholomew's  Hospital  Medical  School,  London.  In  one  12mo.  volume 
of  396  pages,  with  49  illustrations.   Limp  cloth,  red  edges,  $1.50.   See  Student^  Series  of  Manuals^  page  30. 

Treves'  Surgical  Applied  Anatomy. 

Surgical  Applied  Anatomy.  By  Fbederick  Treves,  F.R.C.S.,  Senior  Demonstrator  of 
Anatomy  and  Assistant  Surgeon  at  the  London  Hospital.  In  one  pocket-size  12mo.  volume  of  540  pages, 
with  61  illustrations.     Limp  cloth,  red  edges,  $2.00.     See  J^udenis*  Series  of  Manualsj  page  30. 

Bellamy's  Surgical  Anatomy. 

The  Student's  Quide  to  Surgical  Anatomy:  Being  a  Description  of  the  most  Important 
Surgical  Eegions  of  the  Human  Body,  and  intended  as  an  Introduction  to  Operative  Surgery.  By 
Edward  Bellaky,  F.R.C.S.,  Senior  Assistant-Surgeon  to  the  Charing-Croes  HospitaL  In  one  12mo. 
volume  of  300  pages,  with  50  illustrations.     Cloth,  $2.25. 

Wilson's  Human  Anatomy. 

A  System  of  Human  Anatomy,  General  and  Special.  By  Erasmtts  Wiubon,  F.R.S. 
Edited  by  W.  H.  Gobrecht,  M.D.,  Professor  of  General  and  Surgical  Anatomy  in  the  Medical  Coll(»re 
of  Ohio.  In  one  large  and  handsome  octavo  volume  of  616  pages,  with  397  illustrations.  Cloth,  $4.00 ; 
leather,  $6.00.  

Cleland's  Dissector. 

A  Directory  for  the  Dissection  of  the  Human  Bo^.  By  John  Cleland,  M.D., 
Professor  of  Anatomy,  Queen's  College,  Galway.     12mo.  178  pages.    Cloth,  $1.25. 


HARTSHORNE'S  HAND-BOOK  OF  ANATOMY  AND 
PHYSIOLOGY.  Second  edition,  revised.  12mo.,  810  pages, 
220  woodcuts.    Cloth,  91.75. 


HORNER'S  SPECIAL  ANATOMY  AND  HISTOLOGY. 
Eifhth  edition.  In  two  octavo  Tolumes  of  1007  pages,  wltb 
320  woodcuts.    Cloth,  96.00. 
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Draper's  Medical  Physics. 

Medical  PhysiCB.  A  Text-book  for  Students  and  Practitioners  of  Medicine.  B7  John  G. 
Dbafer,  M.D.,  LLJjD.,  Professor  of  Chemistry  in  the  Universitj  of  the  City  of  New  York.  In  one 
octavo  volume  of  734  pages,  with  376  woodcuts,  mostly  original     Cloth,  $4.00. 


While  all  enlightened  phystdaDS  will  agree  that  a  knowl- 
edge of  physios  is  desiiahle  for  the  medical  student,  only 
those  actually  engaged  in  the  teaching  of  the  primary  suh- 
jectB  can  be  Ailly  aware  of  the  difflouItLeB  encountered  by 
students  who  attempt  the  study  of  these  subjects  without 
a  knowled^  of  either  physics  or  chemistry.  These  are 
especiaUy  felt  by  the  teacher  of  physiology. 

It  is,  however,  impossible  for  him  to  impart  a  knowledge 
of  the  main  facts  of  his  subject  and  establish  them  by 
reasons  and  experimental  demonstration,  and  at  the  same 
time  undertake  to  teach  ab  initio  the  principles  of  chem- 
istry or  ptwsios.  Hence  the  desirability,  we  may  say  the 
necessity,  for  some  such  work  as  the  i»esent  one. 


No  man  in  America  was  better  fitted  than  Dr.  Draper  for 
the  task  he  undertook  and  he  has  provided  the  student  and 
practitioner  of  medicine  with  a  volume  at  once  readable 
and  thorough.  Even  to  the  student  who  has  some  knowl- 
edge of  physiGS  this  book  is  useAil.  as  it  shows  him  its  a]^ 
plicationB  to  the  profession  that  he  has  chosen.  Dr.  Draper, 
as  an  old  teacher,  knew  well  the  difficulties  to  be  encoun- 
tered in  bringing  his  subject  within  the  grasp  of  the  average 
student,  and  that  he  has  succeeded  so  well  proves  once 
more  that  the  man  to  write  for  and  examine  students  is  the 
one  who  has  taught  and  is  teaching  them.  The  book  is 
well  printed  and  ftilly  illustrated,  and  in  every  way  de- 
serves grateftil  recognition.— Jfontrectf  Medical  Journal. 


Cliemistry  and  Physics,  cioth,  $1.00.  See  tu  stud&m^  Qaiz  SerUs,  page  30. 
Power's  Human  Physiology. — Second  Edition. 

Human  Phsrsiologjr*  By  Hbnry  Powxb,  M.B.,  F.RC.S.,  Examiner  in  Physiology,  Boyal 
College  of  Suieeons  of  Enghmd.  Second  edition.  In  one  12mo.  volume  of  509  pages,  with  68  illustra- 
tions.    Cloth,  I1.6O.    See  Studentt^  Series  of  Manuals,  page  30. 

Rol>ertson's  Physiological  Physics. 

Physiological  Physics.  By  J.  MgGbeqob  Bobebtson,  M.A.,  M.B.y  Muirhead  Demonstrator 
of  Phyedolo^y  University  of  Glasgow.  In  one  12mo.  volume  of  537  pagesi  with  219  illustrations. 
Limp  cloth,  fSL  00.     See  Shidentif  Series  of  Manuals,  page  30. 


The  title  of  this  work  sufficiently  explains  the  nature  of 
its  contents.  It  is  designed  as  a  mannal  for  the  student  of 
medidne.  an  auxiliary  to  his  text'book  in  i^ysiology,  and 
it  would  be  partlculaxiy  useftil  as  a  guide  to  his  laboratory 


experiments.  It  will  be  fotmd  of  great  value  to  the  practi- 
tioner. It  is  a  carefhlly  prepared  book  of  reference,  condae 
and  accurate,  and  as  such  we  heartily  reconmiend  it— 
Journal  qf  the  Ainerican  Medical  Aaaodaaon. 


Dalton  on  the  Circulation  of  the  Blood. 

Doctrines  of  the  Circulation  of  the  Blood.  A  History  of  Physdolpncal  Opinion  and 
Discovery  in  regard  to  the  Circulation  of  the  Blood.  By  John  C.  Dalton,  M.D.,  Professor  Emeritus 
of  Physiology  in  the  College  of  Physicians  and  Surgeons,  New  York.  In  one  handsome  12mo.  volume 
of  293  pages.    Qoth,  $2.00. 


Dr.  Dalton's  work  is  the  Aruit  of  the  deep  research  of  a 
cultured  mind,  and  to  the  busy  practitioner  it  cannot  fkil  to 
be  a  source  of  instruction.  It  will  inspire  him  with  a  feel- 
ing of  gratitude  and  admiration  for  those  plodding  workers 


of  olden  times,  who  laid  the  foundation  of  the  magnificent 
temple  of  medical  .science  as  it  now  stands.— ^ew  (Means 
Medical  and  Surgical  Journal. 


Bell's  Comparative  Anatomy  and  Physiology. 

Oomparative  Anatomy  and  Physioloj^y.  By  F.  Jeffbey  Bell,  M.A.,  Professor  of 
Comparative  Anatoiny  at  King's  College,  London.  In  one  12mo.  volume  of  561  pageSi  with  229  illustra- 
tions.    Limp  cloth,  $2.00.     See  StudenUf  Series  of  Manuals,  page  30. 


The  manual  is  preifminently  a  student's  book— clear  and 
simple  in  language  and  arrangement  It  is  well  and 
abundantly  illustrated,  and  is  readable  and  interesting. 


On  the  whole  we  consider  it  the  best  work  in  existence  in 
the  English  language  to  place  in  the  hands  of  the  medical 
BtadenL^BrittolMedicO'Cfiirurffical  Journal. 


Ellis'  Demonstrations  of  Anatomy. — Eighth  Edition. 

Demonstrations  of  Anatomy.  Being  a  Guide  to  the  Knowledge  of  the  Human  Body  hy 
Dissection.  By  Gbobqe  Vineb  Ellis,  Emeritus  Professor  of  Anatomy  in  University  College,  London. 
From  the  eighth  and  revised  London  Mlition.  In  one  very  handsome  octavo  volume  of  716  pages,  with 
249  illustrations.     Cloth,  H25 ;  leather,  $5.25. 

Roberts*  Compend  of  Anatomy. 

The  Oompend  of  Anatomy.  For  use  in  the  dissecting-room  and  in  preparing  for  examina* 
tions.  By  John  B.  Kobebts,  A.M^  M.D.,  Lecturer  in  Anatomy  in  the  University  of  Pennsylvania. 
In  one  16mo.  volume  of  196  pages.     limp  cloth,  75  cents. 

Wohler's  Outlines  of  Organic  Ohemistry.  Edited  hyFrma.  Translated  by  Iba  Bemsen, 
M.D.,  Ph.D.     In  one  12ma  volume  of  550  pages.     Cloth,  $3.00. 


LKHMANN'S  MANUAL  OF  CHEMICAL  PHYSIOLOGY. 
In  one  octavo  volume  of  327  pages,  with  41  lllustratioos. 
Cloth,  12.26. 

CARPENTER'S  HUMAN  PHYBIOLOOY.  Edited  by  HXNRY 
PoWKB.   In  one  octavo  volume. 


CARPENTER'S  PRIZE  ESSAY  ON  THE  USE  AND 
Abuse  of  Aloohouc  Liquobs  uf  Health  and  Disease. 
With  explanations  of  scimtlfic  words.  Small  12mo.  178 
pages.   Cloth,  60  cents. 
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Foster's  Physiology. — Fifth  American  Edition. 

Text-Book  of  FhysiolOffy.  Bj  Michael  Foster^  M.D.,  F.B.S.,  Prelector  in  Physiology  and 
Fellow  of  Trinity  Colleppe,  Cambridge,  England.  New  (nfth)  and  enlarged  American  fixnn  the  fifth 
and  revised  English  edition,  with  notes  and  additions.  In  one  handsome  octavo  volmne  of  1083  pages, 
with  316  illustrations.     Cloth,  $4.50 ;  leather,  $6.50. 


One  cannot  read  a  single  chapter  without  being  Impreased 
with  the  care  that  the  author  has  bestowed  upon  it.  Appar- 
ently nothing  that  is  known  up  to  the  present  year  caa.- 
oenungTital  ptocesBOB  has  escaped  his  painstaking  atten- 
tion. The  details  receive  the  fullest  consideration.  The 
additions  which  have  been  made  to  this  last  edition  are 
caused  bv  an  eflbrt  to  explain  more  Ailly  and  at  greater 
lenffth  what  seemed  to  be  the  most  Amdamental  and  impor- 
tant topics.  The  publishers  hare  subjected  it  to  the  search- 
ing revision  of  one  of  the  f<»emo8t  American  prolbsson  of 
{Physiology.  We  have  nothing  but  words  of  the  highest 
pnise  for  the  classical  and  thorough  manner  in  which  the 
work  is  written,  m  well  as  the  liberality  of  the  publishers 
in  selling  such  a  laige  work,  and  one  which  must  neces- 
sarily be  very  costly  to  produce,  for  an  extremely  moderate 
prioe.~7V  Oanada  Medical  Record. 

Ibtter'M  FhytMogy  is  an  accepted  text-book  in  almost 


every  medical  college  in  this  countiv.  and  already  com- 
mended to  all  medical  students.  Without  changing  the 
glan  of  the  work  the  author  has  made  some  changes,  per> 
cularly  in  the  histological  features,  which  have  been 
made  necessary  on  account  of  recent  and  authoritative 
investigations  in  these  lines.  For  the  physician  who  aims 
to  keep  abreast  of  all  that  is  new  that  is  true  in  medidne, 
a  work  like  this  is  a  necessity.  The  illustratloDa  are  excel- 
lent and  are  well  printed.— I7h«  dndnnaU  LaneetrOtMc, 
It  is  unquestionably  the  standard  text-book  on  physiola^ 
for  students  and  practitlonerB.  The  moderate  prloe  of  u3a 
well-issued  book  at  once  shows  how  popular  the  work  has 
become.  The  style  is  plain  enough  even  for  the  beginner ; 
the  details  are  sufficient  for  the  teacher ;  and  the  manner 
of  dealing  with  the  topics  is  well-arranged  for  the  advan- 
tage of  the  practitioner.— VlrgiiUa  Medical  MtmUdy. 


Dalton*s  Physiology.— Seventh  Edition. 

A  Treatise  jon  Human  Fhysioloffy.  Designed  for  the  use  of  Students  and  Practitioners  of 
Medicine.  By  John  C.  Dalton.  M.D.,  rrofessor  of  Ph^ology  in  the  Coll^  of  Physicians  and 
Burgeons,  New  York,  etc  Seventn  edition,  thoroughly  revised  and  rewritten.  Jjh  one  veiT  handsome 
octavo  volume  of  722  pages,  witii  252  beautiful  engravings  en  wood.    Cloth,  $6.00 ;  leather,  f6.00. 


From  the  first  appearance  of  the  book  it  has  been  a 
fiivorite,  owing  as  well  to  the  author's  renown  as  an  oral 
teacher  as  to  the  charm  of  simplicity  with  which,  as  a 
writer,  he  always  succeeds  in  investing  even  intricate  sub- 
jects. It  must  be  gratiflying  to  him  to  observe  the  ftequency 
with  which  his  work,  written  for  students  and  practitlonerB, 
Is  quoted  by  other  wiitexs  on  physiology.  This  fact  attests 
its  value,  and,  in  great  measure,  its  originality.  It  now 
needs  no  such  seal  of  approbation,  however,  for  the  thou- 
sands who  have  studied  it  in  its  various  editions  have  never 


been  in  any  doubt  as  to  its  sterling  virorth.— JV.  F.  Medical 
JoumaL 

Professor  Dalton's  weU-known  and  deservedly-apptredalad 
work  has  long  passed  the  stage  at  which  it  ooold  be  re- 
viewed in  the  ordinaiv  sense.  Ihe  work  is  emlnenttr  one 
for  the  medical  practitioner,  since  it  treats  most  fmly  of 
those  branches  of  physiology  which  have  a  direct  bearing 
on  tiie  diagnosis  ana  treatment  of  disease.  The  work  is 
one  which  we  can  highly  recommend  to  all  our  readers.— 
Dublin  J<numal  ^  MeeUcal  SdenccB, 


Reichert's  Physiology. — Preparing. 

A  Text-Book  on  Fhysioloffy*  ^7  Edward  T.  Reichebt,  M.D.,  ProfesBor  of  Physiology 
in  the  University  of  Pennsylvania,  rmladelphia.  In  one  very  handsome  octavo  volume  of  800  pages, 
folly  illustrated.  

Cliapman's  Human  Physiology. 

A  Treatise  on  Human  Physiology.  By  Hknby  C.  Chafmait,  M.D..  Professor  of  InstituteB 
of  Medicine  in  the  Jefferson  Medical  College  of  Philadelphia.  In  one  octavo  volume  of  925  pages,  with 
605  engravings.     Cloth,  15.50 ;  leather,  (6.50. 


Matters  which  have  a  practical  bearing  on  the  practice  of 
medicine  are  lucidly  expresBed;  technical  matters  are 
given  in  minute  detail ;  elaborate  directions  are  stated  for 
the  guidance  of  students  in  the  laboratory.  In  every  respect 
the  work  ftilflls  its  promise,  whether  as  a  complete  treatise 


for  the  student  or  for  the  physician ;  tat  the  faanex  it  is  so 
complete  that  he  need  look  no  farther,  and  the  latter  will 
find  entertainment  and  instruction  in  an  admirable  book  of 
relbrence.— AbrfA  OaroHna  Medical  JommaL 


This  volume  is  neither  more  nor  less  than  its  title  implies. 
It  is  most  skilAilly  put  together  and  a  vast  deal  of  ground 
is  covered.    The  language  is  clear  and  penpicuous,  the 


Physiology.    Cloth,  11.00.    8ee  ne  Students  Qms  Series,  page  30. 

Schofield's  Elementary  Physiology. 

Elementary  Physiology  for  Students.    Bv  Alfred  T.  Schofiexd,  M.D.,  Late  House 

Physician  London  Hospital.     La  one  12mo.  volume  of  380  pages,  with  227  engravings  and  2  colored 

plates  containing  30  figures.    Cloth,  $2.00. 

arrangement  is  natural  and  consecutive.  The  illustiations 
are  numerous  and  well  executed.  Ihe  book  deserves  to 
become  popular.— TA«  Medical  Newe. 

Prankland  &  Japp's  Inorganic  Chemistry. 

Inorganic  Ohemistry.  By  K  Fraitkland,  D.C.L.,  F.R.S.,  Professor  of  Chemistry  in 
the  Normal  School  of  Science,  Ixmaon,  and  F.  R.  Jafp,  F.I.C,  Assistant  Professor  of  Chemistry  in  the 
Normal  School  of  Science,  London.  In  one  handsome  octavo  volume  of  677  pages,  with  51  woodcuts  and 
2  plates,     aoth,  |3.75 ;  leather,  H75^ 

Clowes'  Qualitative  Analysis.— Third  Edition. 

An  Elementary  Treatise  on  Practical  Chemistry  and  Qoalitatlye  Inorganic  Analysis. 

Specially  adapted  for  use  in  the  Laboratories  of  Schools  and  Collies  and  by  Beginners.  By  Fvlask 
ClowbSj  D.Sc.,  London,  Senior  Science-Master  at  the  High  School,  Newcastle-under-I^yme,  eto;  Third 
American  from  the  fourth  and  revised  English  edition.  In  one  12mo.  volume  of  3s7  pagei,  with  55 
illustrations.     Cloth,  $2.50.  
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Attfield's  Chemistry.— New  (14th)  Edition.    Just  Ready. 

Ohemistry,  General,  Medical  and  Pharmaceutical;    Incladinf  the  Chemistry  of  the  U.  S. 

PharmacopoKia.  A  >Ianual  of  the  General  Principles  of  the  Science,  and  their  Application  to  Medicine 
and  Pharmacy.  By  John  Attpield,  M.A.,  Ph.D.,  P.I.C.,  F.C.S.,  F.R.S.,  etc.,  Professor  of  Practical 
Chemistry  to  the  Pharmaceutical  Society  of  Great  Britain,  etc.  Fourteenth  edition,  specially  revised 
by  the  Author  for  America  to  accord  with  the  new  U.  S.  Pharmacopoeia.  In  one  handsome  royal  12mo. 
volume  of  794  pages,  with  88  illustrations.     Cloth,  $2.75  ;  leather,  $3.25. 


This  work  has  long  been  a  standard,  and  will  need  no  in- 
troduction. It  occupies  a  unique  position,  for,  although  it 
is  a  complete  manual  of  chemistry,  it  has  been  arranged 
and  especially  adapted  to  the  needs  of  the  physician  and 
pharmacist.  The  work  is  made  to  correspond  with  the  last 
edition  of  the  Uniled  Staiet  Pharmaeopceia.  The  present 
edition  contains  such  alterations  and  additions  as  seemed 


interest  to  medical  and  pharmaceutical  students  as  well  as 
a  practical  course  in  urinalysis.  The  author's  explanations 
are  usually  so  clear  and  at  the  same  time  connected  and 
complete  that  even  a  tyro  in  science  might  use  the  book 
with  advantage  for  self-mstmction.  Numerous  illustrations 
are  Interspersed  where  needed,  and  a  voluminous  index 
renders  the  book  valuable  as  a  dictionary  of  chemistry. 


necessary  for  the  demonstration  of  the  latest  developments  •  The  work  is  indeed  a  classic,  an  admirable  production  trom 
of  chemical  principles  and  the  latest  applications  of  chem- 1  every  point  of  view.~7%e  Denver  Medical  timea^  February, 
Istry  to  pharmacy.    The  fact  that  this  work  now  appears  In  j  1895. 

its  fourteenth  eaition  is  abundant  proof  that  it  supplies  a  I  This  work  long  since  earned  for  itself  its  own  commenda- 
dJstinct  want.-- l^tvr«i<yif0dicaZifa0azin«,  December,  18$M.    tlon,  has  been  a  hand-book  with  almost  every  medical 

There  is  no  other  book  on  chemistry  that  contains  so  ,  student  and  is  a  most  familiar  text-book  in  nearly  every 
much  valuable  matter  condensed  into  such  small  space.—  laboratory  and  medical  library.  It  is  everywhere  appreci- 
Ameriean  Journal  qf  Pharmaev,  October,  1894.  ated  as  an  ideal  manual  for  medical  and  pharmaceutical 

It  is  the  meet  comprehensive  single  volume  on  the  subject  students.  Its  thorough  revision  will  insure  its  use  as  a 
we  have  ever  seen,  containing  in  addition  to  the  principles  text-book  for  the  present  as  it  has  been  in  times  past.— TA« 
of  the  science  of  chemistry  a  notice  of  every  substance  of  i  North  American  FractUtoner,  March,  1895. 

Simon's  Chemistry. — New  (5th)  Edition.    Just  Ready. 

Mftn^ft^  of  Ohemistnr.  A  Guide  to  Lectures  and  Laboratory  work  for  Beginners  in  Chemistry. 
A  Text-book  specially  adapted  for  Students  of  Pharmacy  and  Medicine.  By  W.  Simon,  Ph.D.,  M.D., 
Professor  of  Chemistry  and  Toxicology,  Coll.  of  Phys.  and  Surg.,  Baltimore ;  Professor  of  Chemistry  in 
the  Maryland  College  of  Pharmacy.  New  (fifth)  edition.  In  one  8vo.  volume  of  501  pages,  with 
44  engravings  and  8  colored  plates  illustrating  64  of  the  most  important  chemical  tests.     Cloth,  $3.25. 


The  exhaustion  of  the  very  larse  fourth  edition  in  less 
than  two  years  Indicates  the  leading  position  achieved  by 
Professor  Simon's  Chemistry  as  a  text-book  in  medical  and 

Sharmaceutical  collecres.  It  iUmishes  an  admirable  selec- 
on  of  material  bearing  upon  the  laws  and  phenomena  of 
chemisby.  As  an  aid  to  laboratory  work  a  number  of  ex- 
periments have  been  added.  Physicians  as  well  as  stndents 
will  appreciate  the  value  of  the  colored  plates  of  reactions, 
which  give  a  permanent  and  accurate  series  of  standards 
for  comparison  of  tests,  a  matter  not  susceptible  of  satis- 
factory explanation  in  words.  In  medical  practice  impoi^ 
tant  pathological  and  toxicological  questions  depending  on 
the  test*tube  may  with  certainty  be  referred  to  this  series 


of  colors  and  color  changes.  The  new  edition  hgs  been 
most  carefully  revised  in  accordance  with  the  advance  of 
science  and  in  order  to  bring  it  into  complete  harmonv  with 
the  new  Pharmacoprjcia  All  chemicals  mentioned  In  the 
last  issue  of  that  work  are  included.  Special  care  has  been 
taken  to  detail  the  most  modem  methods  for  chemical  ex- 
amination in  clinical  diagnosis  The  author's  experience 
as  a  physcian  and  as  a  teacher  of  medical  and  pharmaceu- 
tical students  is  reflected  in  the  special  adaptation  of  his 
book  to  the  needs  of  all  concerned  with  the  applications  of 
chemistry  to  the  art  of  hesLiiDg.— Southern  PracUOoner, 
April,  1895. 


Fownes'  Chemistry. — Twelfth  Edition. 

A  Manual  of  Elementary  Ohemistry;  Theoretical  and  Practical.  Bv  George  Fownes, 
Ph.D.  Embodying  Watts'  Pkydeaiand  Inorganic  Chemiatry.  From  the  twelfth  English  edition.  In  one 
large  12mo.  volume  of  1061  pages,  with  168  engravings  and  a  colored  plate.     Cloth,  12.75 ;  leather,  $3.25. 

treated  tally :  Heat,  Light  and  Electricity,  including  Mag- 


netism. The  influence  exerted  by  these  forces  in  chemical 
action  upon  health  and  disease,  etc.,  is  of  the  most  impor- 
tant  kind,  and  should  be  familiar  to  every  medical  practi- 


Fownes'  ChemUhry  has  been  a  standard  text^book  upon 
chemistiT  for  many  years.  Its  merits  are  verv  fhlly  known 
by  chemulB  and  physicians  everywhere  in  thiis  country  and 

in  England.  As  the  seienoe  has  advanced  by  the  making  ^..v  ^^^..^^  ^^^^  ^  «».^xa«..,  v^«t«»j  u««,^x^v..»  ^a«v,^- 
of  new  dJsooverles,  the  work  has  been  revised  so  as  to  keep  |  tioner.  we  can  commend  the  work  as  one  of  the  very  best 
it  abreast  of  the  times.  It  has  steadily  maintained  its  position  |  texMxx>ks  upon  chemistry  extant.— Cym^nTioM  Medical  News. 
as  a  text-book  with  medical  students.    In  this  work  are  : 

Chemistry  &    Physics.     Cloth,  $1.00.     see  students^  Quiz  Serka,  page  30. 

Bioxam'5  Chemistry.— Fifth  Edition. 

Ohemistry,  Inorganic  and  Organic.  By  Charles  L.  Bloxam,  Professor  of  Chemistry  in 
King's  College,  London.  From  the  fifth  London  edition,  thoroughly  revised  and  much  improved.  In 
one  octavo  volame  of  727  pages,  with  292  illustrations.     Cloth,  $2.00 ;  leather,  $3.00. 

Luff's  Manual  of  Chemistry. 

A  Mft""»-1  of  Chemistry.  For  the  use  of  Students  of  Medicine.  By  Arthur  P.  Luff, 
M.D.,  B.Sc.,  Lecturer  on  Medical  Jurisprudence  and  Toxicological  Chemistry,  St.  Mary's  Hospital 
Medical  School,  London.  In  one  12mo.  volume  of  522  pages,  with  36  engravings.  Cloth,  $2.00.  See 
Student^  Series  of  Manwds^  page  30.     

Ralfe's  Clinical  Chemistry. 

OUnical  Chemistry.  By  Charles  H.  Ralfe,  M.D.,  F.R.C.P.,  Assistant  Physician  at  the 
London  Hospital.  In  one  pocket-size  12mo.  volume  of  314  pages,  with  16  illustrations.  Limp  cloth,  red 
edges,  $1.50.     See  Student^  Series  of  Manuals^  page  30. 

Greene's  Medical  Chemistry. 

A  Mftn^ftl  of  Medical  Chemistry.  For  the  use  of  Students.  By  William  II.  Greene, 
M.D.,  Demonstrator  of  Chemistry  in  the  Medical  Department  of  the  University  of  Pennsylvania.  In 
one  12mo.  volume  of  310  pages,  with  74  illustrations.     Cloth,  $1.75. 

Lea  Brothers  &  Co.,  Pub/ishera,  706,  708  &  710  Sansom  Street  Philadelphia. 


10  CHEMISTRY— {Continued),  PHARMACY. 

Caspar! 's  Pharmacy. — In  Press  for  early  issue. 

A  Text-Book  on  Pharmacy.  For  Students  and  Pharmacists.  B7  Chakles  CAfiPABi,  Jr., 
Ph.G.,  Professor  of  the  Theory  and  Practice  of  Pharmacy  in  the  Maryland  College  of  Phannacy, 
Baltimore.     In  one  handsome  octavo  volume,  thoroughly  illustrated. 

The  author  is  widely  known  as  joint  editor  of  The  National  DispeMotory  (see  next  page)  and  as 
Professor  of  Pharmacy  in  one  of  the  foremost  pharmaceutical  colleges  in  America.  He  is  therefore 
exceptionally  qualified  to  prepare  a  work  of  the  highest  merit,  both  as  a  text-book  for  students,  and  as  a 
practicsJ  reference  for  pharmacists  in  all  the  multifarious  details  of  their  operations.  Modem  in  every 
particular,  convenient  m  size  through  avoidance  of  obsolete  and  unnecessarjr  matter,  richly  illustrated 
and  issued  at  a  reasonable  price  Oaepari^s  Pharmacu  is  equally  assured  of  immediate  popularly  with 
pharmacists  and  of  adoption  as  the  standard  text-book  for  pharmaceutical  students. 

Vaughan  &  Novy  on  Ptomaines  and  Leucomaines. — New  od)  Ed. 

Ptomaines.  Leucomaines  and  Bacterial  Protelds;  or  the  Ohemical  Factors  in  the 

Causation  of  Disease.  Bv  Victor  C.  Vauohak,  Ph.D.,  M.D.,  Professor  of  Physiolc^cal  and 
Patholo^cal  Chemistiy,  and  Associate  Professor  of  Therapeutics  and  Materia  Medica  in  the  Univeraity 
of  Michigan,  and  Frederick  G.  Novy.  M.D.,  Instructor  in  Hygiene  and  Physiological  Chemistry  in 
the  Univeroity  of  Michigan.  New  (third)  edition.  In  one  12mo.  volume  of  about  400  pages.  Preparing. 
A  notice  of  the  previous  edition  is  appended. 


This  volume  brings  prominently  to  view  the  correct  path- 
ology of  a  host  of  dlseiues.  Modem  chemistry  has  fumiBhed 
no  more  Btriking  evidence  of  its  value  than  the  discovery 
of  these  ultimate  causes  of  disease,  a  step  which  necessarily 
TOecedes  any  rational  knowledge  of  cure  or  prevention. 
Tlie  literature  of  these  subjects,  already  vast,  was  before 
the  preparation  of  this  work  scattered  and  unattainable  by 
those  who  had  most  need  of  its  help,  namely  general  practi- 


tioners.  For  the  student  no  more  important  branch  of 
chemistiy  exists.  The  early  demand  for  a  second  edition 
of  a  work  on  so  new  a  department  of  science  argues  well 
for  the  curriculum  of  those  colleges  which  have  alr^y 
made  it  a  branch  of  study  and  for  the  growing  pcompmesi 
on  the  part  of  the  profession  to  reoocnue  and  use  the  most 
enlightened  methods  for  the  benefit  df  their  patients.— 
SotUhem  FmeUtUmer. 


Remsen's  Theoretical  Chemistry. — Fourth  Edition. 

Principles  of  Theoretical  ChemiBtry,  with  special  reference  to  the  Constitution  of  Chemical 

ComiJbunds.     By  Ira.  Remsen,  M.D.,  Ph.D.,  Professor  of  Chemistry  in  the  Johns  Hopkins  University, 

Baltimore.     Fourth  and  thoroughly  revised  edition.     In  one  royal  12mo.  vol.  of  325  pages.    Cloth,  $2.00. 

The  fourth  edition  of  Professor  Bemsen's  well-known   translation  into  German  and  Italian  speaks  for  its  exalted 
book  comes  again,  enlarged  and  revised.    Each  edition  has   position  and  the  esteem  in  which  it  is  held  by  the  most 


enhanced  its  value.  We  may  say  without  hesitation  that  it 
is  a  standard  work  on  the  theory  of  chemistry,  not  excelled 
and  scarcely  equalled  by  any  other  in  any  language.    Its 


prominent  chemists.  We  claim  for  this  littie  work  a  lead- 
ing place  in  the  chemical  literature  of  this  oountiy.— 2V 
AmeriiCan  Joumal  qf  the  MediccU  Sdences. 


Charles'  Physiological  and  Pathological  Chemistry. 

The  Elements  of  Fhysiolo^cal  and  Pathological  Chemistry.  A  Hand-book  for  Medical 
Students  and  Practitioners.  Containing  a  general  account  of  Nutrition,  Foods  and  DigeBtion,  and  tiie 
Chemistry  of  the  Tissues,  Organs,  Secretions  and  Excretions  of  the  Body  in  Health  and  in  Disease. 
Together  with  the  methods  for  preparing  or  separating  their  chief  constituents,  as  also  for  their  examina- 
tion in  detail,  and  an  outline  syllabus  of  a  practical  course  of  instruction  for  students.  By  T.  CitAiTsrouK 
Charles,  M.D.,  F.B.S.,  M.S.,  formerly  Assistant  Professor  and  Demonstrator  of  Chemistry  and  Chendcal 
Physics,  Queen's  College,  Belfast.    Octavo,  463  pp.,  with  38  woodcuts  and  1  colored  plate.    Cloth,  $3.50. 

Hoffmann  and  Powers'  Analysis. 

A  Manual  of  Chemical  Analysis,  as  applied  to  the  Examination  of  Medicinal  Chemicals  and 
their  Preparations.  Being  a  Guide  for  the  Determination  of  their  Identity  and  Quality,  and  for  the 
Detection  of  Impurities  and  Adulterations.  For  the  use  of  Pharmacists,  Ph3^ciaDs,  Druggists  and 
Manufacturing  Cnemists,  and  Pharmaceutical  and  Medical  Students.  By  Fkcderick  Hoffkasv, 
A.M.,  Ph.D.,  Public  Analyst  to  the  State  of  New  Yorlc  and  Frederick  B.  Power,  Ph.D.,  Professor  of 
Analytical  Chemistry  in  the  Philadelphia  College  of  Pharmacy.  Third  edition,  entirely  rewritten  and 
much  enlarged.     In  one  octayo  yolume  of  621  pages,  with  179  illustrations.     Clotn,  $4.25. 

Maisch's  Materia  Medica. — New  (6th)  Edition.    In  Press. 

A  Manual  of  Organic  Materia  Medica ;  Being  a  Guide  to  Materia  Medica  of  the  Vegetable 
and  Animal  Kingdoms.  For  the  use  of  Students,  Druggists,  Pharmacists  and  Physicians.  By  John 
M.  Maisch,  Phar.D.,  Professor  of  Materia  Medica  and  Botany  in  the  Philadelphia  College  of  Pharmacy. 
New  (sixth)  edition,  thoroughly  reyised.  In  one  yery  handsome  12mo.  yolume  of  about  550  pages,  with 
about  275  enp^yings. 

A  notice  of  the  preyious  edition  is  appended. 

This  is  an  excellent  manual  of  oi^anic  materia  medica, 
as  are  all  the  works  that  emanate  Arom  the  skilful  pen  of 
such  a  successful  teacher  as  John  M.  Maisch.  The  book 
speaks  for  itself  in  the  most  forcibla  language.  In  the  edi- 
tion before  us,  which  is  the  Afth  one  published  within  the 
comparatively  short  space  of  eight  yeais  (and  this  is  the 
best  proof  of  the  great  value  of  the  work  and  the  just  favor 
with  which  it  has  been  received  and  accepted),  the  original 


contents  have  been  thoroughly  revised  and  much  good  and 
new  matter  has  been  incorporated.  We  have  nothing  but 
praise  for  Professor  Maisch's  work.    It  presents  no  weak 


point,  even  for  the  most  severe  critic.  The  book  ftilly  sus- 
tains the  wide  and  well-earned  reputation  of  its  popular 
author.  In  the  special  line  of  work  of  which  it  treats  it  is 
f\illy  up  to  the  most  recent  observations  and  investigatioiUL 
After  a  caref^  perusal  of  the  book,  we  do  not  hemtate  to 
recommend  Maisch's  Manuai  of  Organic  Materia  Medica  as 
one  of  the  best  works  on  the  subject  thus  far  published. 
Its  useMness  cannot  well  be  di^)ensed  witti,  ana  students, 
druggists,  pharmacists,  and  physicians  should  all  possess 
a  copy  of  such  a  valuable  book.— IfedicoZ  AInrs. 


Materia  Medica  and  Therapeutics.  aoth,ii.  Se^TJ^stu^eni^QimSfrm.^^^, 

Lea  Brothers  &  Co.,  Publishers,  706,  708  &  710  Sansom  Street,  Phiiadetphia, 


MATERIA    MEDIC  A,    THERAPEUTICS.  11 

New  (sth)  Edition. 

The  National  Dispensatory. 

OONTAININO    THE    NATURAL    HISTORY,    CHEMISTRY,     PHARMACY^,    ACTIONS    AND    USES    OP "  MEDICINES, 

INCLUDING  THOSE  RECOGNIZED  IN  THE  FHARMACOFCCIAS  OF  THE  UNITED  STATES,  GREAT 

BRITAIN  AND  GERMANY,  WITH  NUMEROUS  REFERENCES  TO  THE  FRENCH  CODEX. 

By  ALFRED  STILLE,  M.D.,  LL.D.. 

Pr<^e88or  Emeritus  of  the  Theory  and  Practice  of  Medicine  aTid  of  Clinical  Medicine  in  the  Universiis  (^  Penna. 

JOHN  M.  MAISCH,  Ph.M.,  Phar.D., 
Late  Professor  of  Materia  Medica  and  Botany  in  Phila,  CkdL  of  PAarm.,  Secretary  to  the  Amer,  PhamL  Asso. 

CHAHLES  CASPARL  Jr.,  Ph.a, 
Professor  of  Pharmacy  in  the  Maryland  UoUege  of  Pharmacy j  Baltimore, 

And  HENRY  C.  C.  MAISCH.,  Ph.G.,  PkD. 

New  (fifth)  edition  thoroughly  revised,  according  to  the  new  United  States  Pharmacopoeia  (7th 
Decennifd  Revision).  In  one  magnificent  imperial  8vo.  vol.  of  1910  pp.,  with  320  elaborate  engravings. 
Cloth,  $7.25 ;  Leather,  $8.     With  Ready  Reference  Thumb-letter  Index,  Qoth,  $7.75;  Leather,  $8.50. 

OK  the  first  appearance  of  The  National  Dispensatory  &f\Aeji  jean  ago  it  was  at  once  recognized  by  the  phar- 
maoeutical  and  medical  professions  as  satisfying  the  need  for  a  work  affording  all  necessary  information 
upon  its  subject,  with  authoritative  accuracy,  and  with  a  completeness  and  convenience  attainable  only  by  the 
exclusion  of  obsolete  matter.  Its  success  in  filling  this  want  is  fully  attested  hy  the  rapid  demand  for  five 
editions,  and  the  opportunity  thus  afforded  has  been  well  used  in  successive  revisions,  each  placing  it  abreast 
of  the  day  and  mamtaining  the  characteristics  which  had' won  for  it  a  leading  position. 

Of  all  its  issues  the  present  embodies  the  results  of  the  most  exhaustive  revision.  The  sweeping  changes- 
in  the  new  United  States  Pharmacopoeia  are  thoroughly  incorporated,  with  official  authorization  of  the  (k>mmittee 
of  Revision,  and  full  use  has  been  made  of  all  valuable  material  in  the  latest  issues  of  foreign  Pharmacopoeias. 
The  volume  is  accordingly  rich  in  pharmaceutical  and  chemical  information,  with  data,  formulas,  tables,  etc.^ 
gathered  from  all  official  sources,  but  this  constitutes  only  a  single  department  of  its  usefulness.  As  an  ency- 
clopedia of  the  latest  and  best  therapeutical  knowledge  it  deals  not  only  with  all  official  drugs,  but  also  with 
all  the  new  synthetic  remedies  of  value  and  with  the  unofficial  preparations  now  so  largely  in  use.  Pharma- 
cists will  appreciate  its  systematic  descriptions  of  the  materia  medica,  its  clear  explanations  of  chemical  and 
fharmaceutical  processes  and  tests,  and  its  illustrations  of  important  drugs,  and  of  the  most  improved  apparatus, 
^hysicians  will  readily  perceive  the  indispensable  assistance  offered  by  its  authoritative  statements  as  to  the 
efficacy  of  drugs  in  the  light  of  the  most  recent  medical  advances.  Arranged  alphabetically  in  the  text,  thia 
information  is  placed  most  suggestively  at  command  by  the  recommendations  grouped  under  the  varioua 
Diseases  in  the  Therapeutical  Index.  Together  with  the  General  Index  this  covers  more  than  one  hundred 
treble-columned  uages  containing  25,000  references.  The  immensity  of  detail  comprised  in  this  single  volume 
of  1900  pages  is  thus  most  forcibly  indicated.  Though  the  present  edition  contains  far  more  matter  than  ita 
predecessors  it  is  maintained  at  the  same  price  in  view  of  the  ever-increasing  demand.  Weights  and  measures 
are  given  in  both  the  Ordinary  and  Metric  Systems. 

In  brief,  the  new  edition  of  The  National  Dispensatory  is  presented  to  the  medical  and  pharmaceutical 
professions  as  t^e  equivalent  of  a  whole  library  of  pharmaceutical  and  therapeutic  information  ,*  it  is  the 
standard  for  accuracy,  the  embodiment  of  completeness  without  inconvenient  bulk,  and  a  marvel  of  cheapness,, 
owing  to  the  widespread  demand  for  it  as  the  authority. 

The  hook  Is  recommended  most  highly  as  a  book  of  ref- 
erence for  the  physician,  and  is  invaluable  to  the  druggist 
in  his  every-day  work.~77k«  TherapaUic  Oatette. 

The  National  Dispensatory  is  again  presented  to  the  medi- 
cal and  pharmaceutical  professions  sjb  a  complete  text  and 
reference  book  of  the  highest  authority  upon  all  subjects 
connected  with  the  natural  history,  chenustry,  pharmacy^ 
actions  and  uses  of  medicines.— fanaax  City  Medical  Index, 

This  book  in  Its  former  editions  established  itself  as  a 
standard  work  in  i^armaoeutical,  botanical  and  chemlcsJ 


The  careAil  examination  of  this  large  volume  will  strike 
the  reader  with  surprise  at  the  great  number  of  new  arti- 
cles added,  and  the  amount  of  usefhl  and  accurate  infor- 
mation regarding  their  i»operties,  methods  of  preparation 
and  therapeutical  effects.  The  large  number  of  new  arti- 
cles containing  aM  the  latest  synthetic  remedies  and  un- 
official remedies,  compass  the  entire  range  of  available 
information  in  the  line  of  the  work.  A  number  of  very 
complete  tables  together  ^rith  all  the  official  re-agents  and 
solutions  for  qualitative  and  quantitative  tests^  appear  in 
the  appendix.  Altogether  this  work  maintains  its  previous 
high  reputation  for  accuracy,  practical  useftilness  and 
encyclopeedic  scope,  and  is  indispensable  alike  to  the  phar 


it,  and  almost  every  physician  properly  consults  it  when 
desirous  of  settling  all  doubtful  questions  regarding  the 
properties,  preparaaon  and  uses  of  drugs.— ifeafeo/  Record. 
The  descriptions  of  materia  medica  are  clear,  thorough 
and  systematic,  as  are  also  the  explanations  or  chemical 
and  pnarmaceutical  processes  and  tests.  The  therapeutical 
portion  has  been  revised  with  equal  care,  and  the  statements 
of  the  action  and  uses  have  been  arranged  not  only  alpha- 
betically under  the  various  druffl,  but  for  practical  medi 


literature,  as  well  as  in  the  uses  and  actions  of  medicines. 
The  editors  have  caused  it  to  include  all  recent  investi- 
gations—botanical, chemical,  medicinal,  etc.    They  have 


macistandphysiciajii.    Every  druggist  knows  of  it  and  uses  f  added  the  National  Formulary   to  their  list  of  leading 


references.  Many  processes  of  manufacturing  and  testing 
chemicals  have  been  revised  and  enlarged  and  the  list  ox 
allied  drugs  and  compounds,  etc.,  under  each  heading  is 
increased  m  number.  The  United  States  Pharmacopceia 
tests  are  given  in  fUll  and  the  division  of  medicinal  action 
and  uses  presents  facts  rather  than  theories.  It  contains 
all  t}ie  important  compounds  introduced  since  its  former 
issue.  An  appendix  is  presented  containing  a  fUU  Ust  of 
reagent  tests  and  tables  as  found  In  the  United  States  Phar- 


Cfd  usefulness  have  also  been  placed  at  the  instant  com- 1  macopceia  of  1890,  also  an  alphabetical  list  of  official  drugs 
mand  of  those  seeking  information  in  the  treatment  of  '  showing  the  corresponding  preparations  of  the  United 


special  diseases  by  bein^  arranged  under  the  various  dis- 
eaaes  in  a  therapeutical  index.  The  readine^  with  which 
any  of  the  vast  amount  of  information  contained  in  this 
work  is  made  available  is  indicated  by  the  twenty-five 
thousand  references  in  the  two  indexes  at  the  end  of  the 
volume. — Boston  Medical  and  Surffical  Journal. 

It  is  the  official  guide  for  the  medical  and  pharmaceutical 
professions. — Buffalo  Medical  and  Surgical  Journal. 

This  edition  ol  the  Dispensatory  should  be  recognized  as 
a  national  standard.— iVorfA  American  Prae. 


States  and  British  Pharmacopoeias,  and  a  General  and  a 
Therapeutical  Index.  The  work  cannot  fail  to  maintain 
the  high  position  held  by  previous  issues  and  to  receive  the 
commendation  of  iQl  those  who  have  occasion  to  refer  to 
its  pages.  The  name " National  Dispensatory"  signifies 
national  Msase.—BuUetin  qf  Pharvnaeu. 

It  is  noted  for  its  accuracy.  Those  who  buy  the  book 
will  get  an  ample  cydopccdia  of  pharmaceutical  and  phar- 
macological knowledge.— Zondon  Chemist  and  Druggut. 
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FOURTH   EDITION. 

Hare's  Text-Book  of  Practical  Therapeutics 

A  Text-Book  of  Practical  TherapeuticB;  With  Especial  RefereDce  to  the  Application 
of  Remedial  Measares  to  Disease  and  their  Employment  upon  a  Rational  Basis.  Bj  Hobabt  Amort 
IIabe.  M.D.,  Professor  of  Therapeutics  and  Materia  Medica  in  the  Jefferson  Medical  College  of 
Philadelphia.  With  special  chapters  by  Dr&  G.  £.  de  Schweixitz,  Edward  Martin  and  Barton 
C.  Hirst.  Fourth  ecQtion,  thoroughly  revised  and  much  enlarged.  In  one  octavo  volume  of  740 
pages.     Cloth,  $3.75;  leather,  $4.75. 

We  deem  the  portion  of  the  work  descriptive  of  remedies  >  and  its  appreciation  bv  the  medical  student  Its  vide 
admirable  by  reason  of  the  clearness  and  conciseness  with  application  to  the  practical  needs  of  every-day  medicine 
which  It  is  written.  The  descriptions  of  diseases,  though  commended  it  fW>m  the  first  to  the  prc^jessive  and  waking 
exceedingly  brief,  are  nevertheless  sufficiently  explicit  and  therapeutist.  It  is  not  only  knowing  what  to  give,  bat 
BO  expre^ed  as  to  render  the  work  a  very  practical  text-  when  and  where  to  give,  and  how  tne  drug  wul  act  in 
book,  and  also  one  which  will  serve  practitioners  for  ready  given  ccmditions,  that  makes  one  a  scientific  practitioner 
reference.  The  methods  of  treatment  are  at  once  sensible  rather  than  an  Ignorant  empiric.  The  book  in  such  respects 
and  practical.  Tbie  more  experienced  the  practitioner  who  supplies  every  need.  The  author  Ia  well  known  as  a  pro- 
turns  to  this  book  for  reference,  the  more  sure  will  be  the  gresslve  therapeutist,  and  it  goes  without  saying  that  all  the 
approval  of  the  methods  of  treatment  here  proposed.  We  new  or  valualjle  drugs  receive  their  fUll  share  of  attention, 
anticipate  a  still  more  favorable  reception  of  the  present  and  it  is  a  great  deal  to  say  in  this,  as  with  other  features, 
edition  by  reason  of  the  adde<l  value  which  comes  from  its  t  that  the  book  is  up-to-date  in  everything  pertaining  to  the 
thorough  revision  and  enlargement.—  The  North  American  .  practical  therapeutical  needs  of  the  practitioner.  The  work 
Practmoner  October,  1894.  i  has  also  been  revised  in  such  a  way  as  to  make  It  uniform 

The  fact  that  the  fourth  edition  of  this  work  has  appeared  with  the  United  Statei  Ptuxrmaeopoeia.-~MedUeal  Beeord, 
within  four  yean  attests  its  value  to  the  general  practitioner,  ,  October  20, 18M. 


A  System  of  Practical  Therapeutics, 

BY  AMERICAN    AND   FOREIGN  AUTHORS. 

Edited  by  HOB  ART  AMORY  HARE,  M.D., 

Professor  of  Therapeutics  and  Materia  Medica  in  the  Jefferson  Medical  OoUege  qf  PhUadelphicu 

In  a  series  of  contributions  by  seventy-eight  eminent  authorities.     In  three  large  octavo  volumes 

of  3544  pages,  with  434  illustrations.     Price,  per  volume:   Cloth,  $5.00;   leather,  |6.00;  half  Russia, 

$7. 00.     for  sale  by  suhseription  only.     Address  the  JPublishers,     Full  prospectus  free  to  any  address  on  applieaticn. 

The  scope  of  this  work  is  beyond  that  of  any  previous  i  encyclopedic  work,  which  groups  together  within  a  single 
one  on  the  subject.  The  goal,  after  all,  1b  the  treatment  of !  series  or  volumes  the  most  modem  methods  known  in  the 
disease,  and  a  work  which  contributes  to  its  successful  management  of  disease,  and  especially  deals  with  important 
management  is  to  be  looked  upon  as  of  vast  use  to  hu- 1  subjects  comprehensively,  which  oould  not  be  done  in  a 
inanity.  It  cannot  be  denied  that  therapeutic  resources,  i  more  limited  treatise,  we  cannot  commend  Hare's  ^atem 
whether  the  treatment  be  confined  to  the  mere  admlnistra- 1  of  Practical  Therapeutiea  too  highly :  it  stands  out  first  and 
tion  of  drugs,  or  allowed  its  more  extended  application  to  |  foremost  as  a  work  to  be  consulted  by  authors^  teachers 
the  management  of  disease,  have  so  greatly  multiplied  and  phvslcians  throughout  the  world.— Bt^oto  Ifecfieai  afid 
within  the  last  few  years  as  to  render  previous  treatises  of  i  SurffCoal  Journal. 
little  value.   Herein  will  be  found  the  great  value  of  Hare's 

Farquharson's  Therapeutics  and  Materia  Medica. — ^4th  Ed. 

A  Ouide  to  Therapeutics  and  Materia  Medica.    Bv  Robert  Fabqttharson,  M.D., 

F.R.C.P.,  LL.D..  Lecturer  on  Materia  Medica  at  St  Mary's  Hospital  Medical  School,  London.     Fourth 

American,  from  tne  fourth  English  edition.     Enlarged  and  adapted  to  the  United  States  Pharmacopoeia, 

bv  Frank  Woodbury,  M.D.,  Professor  of  Materia  Medica  and  Therapeutics  and  Clinical  Medicine  in 

the  Medico-Chinirgical  College  of  Philadelphia.     In  one  12mo.  volume  of  581  pages.     Cloth,  $2.50. 

are  shown  in  parallel  columns.  This  aids  greatiy  in  fixing 
attention  ana  facilitates  study.  Hie  American  editor  has 
enlarged  the  work  so  as  to  include  all  the  remedies  and 
preparations  in  the  United  States  Phamuicopceia.  Altogether 
the  book  is  a  most  valuable  addition  to  the  list  of  treatises 
on  this  most  important  subject.— TV  American  Practitioner 
and  News. 


Farquharson's  Therapeutics  and  Materia  Medica  has  struck 
a  happy  medium  between  excessive  brevity  on  the  one  hand 
and  teaious  prolixity  on  the  other.  It  deals  with  the  entire 
list  of  drugs  embraced  in  the  British  Pharmacopeia  in  such 
a  way  as  to  give  in  a  satisfactory  form  the  established  indi- 


cations of  each,  excluding  all  irrelevant  matter.  An  espe- 
cially attractive  feature  lis  an  arrangement  by  which  the 
physiological  and  therapeutical  actions  of  various  remedies 


Edes'  Therapeutics  and  Materia  Medica. 

A  Text-Book  of  Therapeutics  and  Materia  Medica.  Intended  for  the  Use  of  Students 
and  Practitioners.  By  Robert  T.  Edes,  M.D.,  Jackson  Professor  of  Clinical  Medicine  in  Harvard 
University.     Octavo,  544  pages.     Cloth,  $3.50 ;  leather,  $4  50. 

Bruce's  Materia  Medica  and  Therapeutics. — Fifth  Edition. 

Materia  Medica  and  Therapeutics.  An  Introduction  to  Rational  Treatment  By  J.  Mitchell 
Bruce,  M.D.,  F.R.C.P.,  Physician  and  Lecturer  on  Materia  Medica  and  Therapeutics  at  Charing-Croas 
Hospital,  London.  Fifth  edition.  In  one  12mo.  volume  of  591  pages.  Cloth,  $1.50.  See  Student^ 
Series  of  Manuals,  page  30.  


BRUNTON'S  TEXT-BOOK  OF  PHARMACOLOGY,  THER- 
APEUTICS AND  MATERIA  MEDICA.  In  one  octavo  vol- 
uihe,  with  iUustiations. 

STILLE'S  THERAPEUTICS  AND  MATERIA  MEDICA. 
A  Systematic  Treatise  on  the  Action  and  Uses  of  Medicinal 
Agents,  including  their  Description  and  History.    Fourth 


edition,  revised  and  enlaiged.    In  two  octavo  volumes,  con- 
taining 1986  pages.    Cloth,  $10.00 ;  leather,  $12.00. 

HERMANN'S  EXPERmENTAL  PHARMACOLOGY.  A 
Handbook  of  Methods  for  Determining  the  Fhysi61ogical 
Action  of  Drugs.  Translated,  with  the  Author's jpermission, 
and  with  extensive  additions,  by  R.  M.  SacrrH,  IiLD.  12mo., 
199  pages,  with  32  illustrations.    Cloth,  $1.50. 
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NEW  (7th)  edition. 

FLINT'S  PRACTICE  OF  MEDICINE. 

A  Treatise  on  the  Principles  and  Practice  of  Medicine.  Designed  for  the  use  of  Students 
and  Practitioners  of  Medicine.  By  Austin  Flint,  M.D.,  LL.D.,  Professor  of  the  Principles  and 
Practice  of  Medicine  and  of  Clinical  Medicine  in  Bellevue  Hospital  Medical  College,  N.  Y.  JShew  (7th ) 
edition,  thoroughly  revised  by  Frederick  P.  Henry,  M.D.,  Profe-sor  of  the  Principles  and  Practice  of 
Medicine  in  the  Woman's  Medical  College  of  Pennsylvania,  Philadelphia.  In  one  very  handsome 
octave  volume  of  1143  pages,  with  illustrations.     Cloth,  $5.00 ;  leather,  $6.00. 

tion  of  this  book .   It  has  been  a  characteristic  of  Dr.  Flint's 


Its  peculiar  ezceUenoes  and  its  breadth  of  conception  have 
made  it  a  recognized  authority.  The  author  was  a  bom 
teacher,  an  indefatigable  observer,  a  painstaking  worker 
and  a  thorough  medical  philosopher.  His  clinical  pictoies 
of  diseases  are  models  oi  grapmc  description,  minuteness 
of  detail  and  breadth  of  tieaunent.  This  may  appear  to 
be  high  praise,  but  the  work  has  so  well  earned  its  leading 
place  in  medical  literature  that  but  one  view  can  be  ex- 
pressed concerning  its  general  character  as  a  text-book. 
The  editor  has  done  his  part  in  bringing  it  up  to  date,  not 
only  in  reference  to  treatment  and  the  adaptation  of  the 
newer  remedies,  but  has  made  numerous  additions  in  the 
shape  of  the  newly  disoovered  forms  of  disea&e,  and  has 
elaborated  much  in  the  commoner  forms  which  tiie  recoit 
advances  have  made  necessary.  The  element  of  treatment 
is  by  no  means  neglected ;  in  fact,  by  the  editor  a  fkesh 
stimulus  is  given  to  this  neceesarv  department  by  a  compre- 
hensive study  of  all  the  new  and  leading  therapeutio  agents. 
—Medical  Record,  October  20, 1894. 

Among  the  laige  number  of  new  books  upon  the  practice 
of  medicine  which  have  been  presented  to  the  profession 
witiiin  the  last  few  years,  there  is  none  which  will  stand 
better  in  t^e  present  or  in  the  future  than  the  seventh  edl- 


book  that  its  descriptions  of  clinical  cases  and  of  the  prac- 
tical side  of  diseases  have  always  been  wonderfully  true  to 
life.  The  profession  is  to  be  congratulated  that  the  publish- 
ers, in  obtaining  an  editor,  chose  one  so  i)eculiarly  well 
qualified  to  revise  and  bring  up  to  date  those  articles  in  con- 
nection with  which  the  greatest  progress  has  been  made  in 
medical  study,  for  Dr.  Henry  represents  at  once  that  side  of 
professional  liie  which  appreciates  all  that  is  good  and  at 
the  same  time  is  not  so  optimistic  as  to  swallow  in  addition 
much  that  is  hBA.—lheropetUic  Gcueiie,  October  15, 1894. 

Tlie  leading  text-book  on  general  medicine.in  the  medical 
schools  of  the  United  States.  It  is  of  all  others  the  book  of 
an  American  physician,  looking  at  disease  as  it  is  seen  in 
this  country  A  great  charm  about  Flint  is  the  clear  and 
straightforward  way  in  which  he  goes  at  the  work  of  describ- 
ing aiseaae  tvom  the  clinical  standpoint,  arranglnfl^  it  all  as 
the  practitioner  himself  would  handle  a  case,  and  following 
out  the  train  of  thought  that  arrives  most  qidckly  ana 
surely  at  the  important  results  of  diagnosis,  prognosis  and 
treatment.  The  revision  has  been  well  done  by  Professor 
Henry,  who  has  added  much  that  is  new.— Northwestern 
Lancet,  December  15, 1891. 


Fothergiirs  Handbook  of  Treatment.— Third  Edition. 

The  Practitioner's  Handbook  of  Treatment;    Or,  The  Principles  of  Therapeutics.    By  J, 

MiiiNEB  FoTHEBGiLL,  M.D.,  Edinburgh,  M.B.G.P.,  London,  Physician  to  the  City  of  Ix>ndon  Hospital 
for  Diseases  of  the  Chest    Third  edition.     In  one  8yo.  volume  of  661  pages.    Cloth,  $3. 75 ;  leather,  $4. 75. 


To  have  a  description  of  the  normal  physiological  pro- 
cesses of  an  organ  and  of  the  methods  of  treatment  oi  its 
morbid  conditions  brought  together  in  a  single  chapter,  and 
the  relations  between  the  two  clearly  statea.  cannot  fail  to 
prove  a  great  convenience  to  many  thoughtful  but  busy 


Ehysicians.    The  practical  value  of  the  volume  is  greatly 
icreased  by  the  introduction  of  many  prescriptions.   That 


the  profession  appreciates  that  the  author  has  undertaken 

rk  and  has  accompl 

demand  for  this  third  edition.^Aei4;  York  Medical  Journal. 


an  important  wonc  and  has  accomplished  it  is  shown  by  the 


The  Year-Book  of  Treatment  for  1895. 

A  Comprehensive  and  Critical  Review  for  Practitioners  of  Medicine  and  Surgery, 

In  one  12nio.  vol.  of  495  pages.     Cloth,  $1.50.     ^:,^*For  special  commxUationa  with  periodicals  see  page  i. 


The  eleventh  consecutive  issue  of  this  annual  summary 
of  medical  progress  will  interest  the  wide  circle  of  readers 
who  have  learned  its  substantial  value.  To  have  the  real 
advances  in  treatment  in  all  departments  of  medical  prac- 
tice culled  by  recognized  specialists  fhim  the  immense  mass 
of  medical  llteratuie.  and  presented  with  critical  remarks 
in  a  classified  form  lor  immediate  use,  is  assuredly  a  help 
toward  success  which  busy  practitioners  will  not  neglect, 


and  which  other  practitioners  will  consult  for  the  soundest 
of  business  reasons.  The  reader  interested  in  a  special 
subject  can  quickly  post  himself  on  whatever  is  new  and 
good  in  treatment  by  a  perusal  of  the  chapter  devoted  to  it, 
and  the  general  practitioner  can  with  facility  turn  to  any 
topic  by  a  glance  at  the  index.  The  volume  is  exceedingly 
cheap  m  proportion  to  intrinsic  value  and  serviceableness. 
—  The  St.  Louis  CUnique,  May,  1895. 


The  Year-Books  of  Treatment  for  1891,  1892  and  1893. 

12mos.,  485-500  pages.     Qoth,  $1.50  each. 

The  Year- Books  of  Treatment  for  1886  and  1887. 

Similar  to  above.     12mos.,  320-341  pages.     Cloth,  $1.25  each. 

Hartshorne's  Essentials  of  Practice.  ^Fifth  Edition. 

Essentials  of  the  Principles  and  Practice  of  Medicine.  A  Hand-book  for  Students  and 
Practitioners.  By  Henby  Hartshorn e,  M.D.,  LL.D.,  lately  Professor  of  Hygiene  in  the  University 
of  Pennsylvania.  Fifth  edition,  thoroughly  revised  and  rewritten.  In  one  12mo.  volume  of  669  pages, 
with  144  illustrations.     Cloth,  $2.75  ;  half  leather,  $3.00. 

Practice  of  Medicine,  Including  Nervous 

Cloth,  $1.00.     See  StuderUff  Quiz  Series,  page  30. 


BRISTOWE'S  PRACTICE  OF  MEDICINE.  Seventh  Edi- 
tion;   In  one  large  octayo  volame  of  1325  pages. 

REYNOLDS'  SYSTEM  OF  MEDICINE.  With  notes  and 
additions  by  Henry  Hartshorns,  A.M.,  M.D.  Three  large 
octavo  volumes,  containing  3056  double-columned  pa^es, 
with  317  illustrations.  Per  volume,  cloth,  $5.00;  sheep, 
16.00 ;  half  Russia,  $6.50.    By  Bubscrlptinn  only. 

WATSON'S  PRINCIPLES  AND  PRACTICE  OF  PHYSIC. 
From  the  fifth  English  edition.  Edited  by  Henry  Hartb- 
HORNE,  A.M.,  M.D.  In  two  large  octavo  volumes  of  1840 
pages.    Cloth,  $9.00 ;  leather,  $11.00. 

FLINT  ON  PHTHISIS.  In  one  octavo  volume  of  442 
pages.    Cloth,  $3.50.  


FLINT'S  PRACTICAL  TREATISE  ON  DISEASES  OF  THE 
HK^RT.  Second  revised  and  enlarged  edition.  In  one 
octavo  volume  of  550  poges,  with  a  plate.    Cloth,  $4. 

FLINT'S  ESSAYS  ON  CONSERVATIVE  MEDICINE  AND 
KINDRED  TOPICS.  In  one  very  handsome  royal  12mo. 
volume  of  210  pages.    Cloth,  $1.38. 

STURGES'  CLINICAL  MEDICINE  In  one  12mo.  volume 
of  127  pages.    Cloth,  $1,25. 

WALSHE  ON  THE  DISEASES  OF  THE  HEART  AND 
GREAT  VESSELS.  Third  American  edition.  In  one  oc- 
tavo volume  of  416  pages.    Cloth,  $3.00. 

HOLLAND'S  MEDICAL  NOTES  AND  REFLECTIONS. 
One  ootavo  volume  of  493  pages.    Cloth,  $8.50. 
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The  whole  book  impreases  one  as  bein^  the  concentration 
of  a  very  thorough  knowledge  of  all  the  facts  resorted  to  in 
the  making  of  a  carefUl  diagnosis  by  means  of  modem 
methods.  Dr.  Musser's  book  will  at  once  take  a  prominent 
and  permanent  posltton  among  the  text-books  of  the  medi- 
cal schools  of  the  country,  and  we  recommend  it  most 
highly  to  those  practitioners  who  wish  not  only  to  get  the 
views  of  the  general  profession  in  regard  to  important 
points  of  diagnosis,  but  who  also  desire  a  work  in  which 
the  author  expresses  his  own  opinions,  based  upon  careftil 
observation  and  wide  experience.— 7%«  Therapettiic  Oazette. 


Musser'5  Medical  Diagnosis. 

A  Practical  Treatise  on  Medical  Diagnosis.    For  the  Use  of  Students  and  Practitioners, 

By  John   H.  Musser,  M.D.,  Assistant  Professor  of  Clinical  Medicine,  UniverBity  of  Pennsjlvania. 

Philadelphia.     In  one  octavo  volume  of  882  pages,  with  162  engravings  and  2  colored  plates.     Cloth, 

$5.00;  leather,  $6.00. 

thoroughly  modem,  readable  and  instnictive,  and,  we 
believe,  superior  to  any  work  of  the  kind  before  the  pn>> 
(eaBion.— University  Medical  MoMzine. 

Modem  methods  of  nie<licar  teaching  and  study  have 
rendered  treatises  like  the  present  an  absolute  necessity. 
The  present  work  is  to  be  commended  alike  for  its  locical 
arrangement,  accurate  observation  and  clearness  of  ex- 
pression. The  chapter  on  bacteriolocy  is  especially  com- 
mendable, because  it  contains  everything  practically  neoes- 
sarv  for  clinical  vt oik.— Medical  Seoord. 

The  book  should  receive  a  hearty  reception  from  students 

The  aim  of  the  author  has  been  to  make  the  work  emi-  and  medical  men ;  it  contains  much  information  essential 
nently  practical.  Dr.  Musser  has  succeeded  in  bringing  |  to  good,  scientiiic  medical  work.  It  is  with  pleasure  that 
together  a  large  and  valuable  collection  of  clinical  data  we  can  state  that  the  work  has  been  adopted  as  a  text-book 
drawn  from  his  own  extended  experience  and  from  exhaus- 1  at  the  Johns  Hopkins  Medical  School  and  Harvard  Univer- 
tive  literary  research,  and  has  presented  them  in  an  un-  sity,  and  that  it  has  met  with  marked  approval  In  other 
usually  clear  and  concise  manner.    In  brief  the  book  is    teaching  centreB.—IntcrwUioMU  Medical  Magazine 

Lyman's  Practice  of  Medicine. 

The  Principles  and  Practice  of  Medicine.  For  the  Use  of  Medical  Students  and  Prac- 
titioners. By  Henry  M.  Lyman,  M.D.,  Professor  of  the  Principles  and  Practice  of  Medicine,  Rush 
Medical  College,  Chicago.  In  one  octavo  volume  of  925  pages,  with  170  illustrations.  Cloth,  $4.75 ; 
leather,  $5.75. 

Professor  Lyman's  valued  and  extensive  experience  here  discussion.  The  reader  is  not  conftiaed  by  having  iweRented 
reduced  in  text-book  form,  is  indeed  very  valuable  both  to  to  hmi  a  variety  of  different  methods  of  treatment,  among 
college  students  and  physicians.  In  this  work  we  have  an  I  which  he  is  left  to  choose  the  one  most  easy  of  execution,  but 
excellent  tieatfaie  on  the  practice  of  medicine,  written  by  the  author  describes  the  one  which  is,  in  bis  judgment,  the 
one  who  is  not  only  familiar  with  his  subject,  but  who  has  best.  This  is  as  it  should  be.  The  student  ana  even  the 
also  learned  through  practical  experience  in  teaching  what  practitioner  should  be  taught  the  most  approved  method 
are  the  needs  of  the  student  and  how  to  present  the  facts  |  of  treatment.  The  practical  and  bus^  physician,  who 
to  his  mind  in  the  most  readily  assimilal>le  form.  Each  wants  to  ascertain  in  a  short  time  all  the  neoeasary  facts 
subject  Is  taken  up  in  order,  treated  clearly  but  briefly,  and  concerning  the  pathology  or  treatment  of  any  disease  will 
dismissed  when  all  has  tieen  said  that  need  be  said  in  order  I  find  here  a  safe  and  convenient  guide. — l%e  CSuuioUe  Medi- 
to  give  the  reader  a  clear-cut  picture  of  the  disease  under  !  cal  Journal. 

Flint  on  Auscultation  and  Percussion. — Fifth  Edition. 

A  Iffannal  of  Auscultation  and  Percussion;  Of  the  Physical  Diagnosis  of  Diseases  of  the 

Lungs  and  Heart,  and  of  Thoracic  Aneurism.  By  Austin  Flint,  M.D.,  LL.D.,  Professor  of  the 
Principles  and  Practice  of  Medicine  in  Bellevue  Hospital  Medical  College,  New  York.  Fifth  edition. 
Edited  by  James  C.  Wilson,  M.D.,  Lecturer  on  Physical  Diagnosis  in  the  JefTerson  Medical  College, 
Philadelphia.     In  one  handsome  royal  12mo.  volume  of  274  pages,  with  12  illustrations. 

Herrick's  Diagnosis.— In  Press. 

A  Handbook  of  Diagnosis.  By  James  B.  IIerrick,  M.D.,  Adjunct  Professor  of  Medicine, 
Rush  Medical  College,  Chicago.     In  one  handsome  12mo.  volume  of  about  400  pages,  richly  illustrated. 

Broad  bent  on  the  Pulse. 

The  Pulse.  By  W.  H.  Broadbent,  M,D.,  F.RCP.,  Physician  to  and  Lecturer  on  Medicine  at 
St.  Mar/s  Hospital,  London.  In  one  12mo.  volume  of  312  pages*.  Cloth,  $1.75.  ,See  Series  of  Clinical 
Manual*,  page  30.  

Pepper's  System  of  Practical  Medicine. 

A  System  of  Practical  Medicine  by  American  Authors.  Edited  bv  William  Pepper, 
M.D.,  LL.D.,  Professor  of  Theory  and  Practice  of  Medicine  and  Clinical  Medicine  in  University  of 
Pennsylvania.  The  complete  work,  in  five  volumes,  containing  5573  pages,  with  198  illustrations,  is  now 
ready.  Price  per  volume,  cloth,  $5.00  ;  leather,  $6.00 ;  half  Russia,  $7.00.  For  sale  by  svhscriptlxm  only. 
Address  the  Publishers. 

Habershon  on  the  Abdomen. 

On  the  Diseases  of  the  Abdomen ;  Comprising  those  of  the  Stomach,  and  other  parts  of  the 
Alimentary  Canal,  CEaophagus,  Csecum,  Intestines  and  Peritoneum.  By  S.  O.  Habershon,  M.D., 
Senior  Physician  to  and  late  Lecturer  on  Principles  and  Practice  of  Medicine  at  Guy's  Hospital,  London. 
Second  American  from  third  enlarged  and  revised  English  edition.  In  one  handsome  octavo  volume  of 
554  pages,  with  illustrations.     Cloth,  $3.50. 


SMITH  ON  CONSUMPTION;  tts  Early  and  Remediable 
Stages.    1  vol.  8vo.,  25;}  pp.    Cloth,  J2.25. 

LA  ROCHE  ON  PNEUMONIA.  1  vol.  8vo.,  490  pages, 
aoth,  83.00. 

CHAMBERS'  MANUAL  OF  DIFT  AND  REGIMEN  IN 
HEALTH  AND  SICKNESS.  In  one  handsome  octavo  vol- 
ume of  302  pages.    Cloth  $2.75  -  Cloth,  $2.00. 


WILLIAMS  ON  PULMONARY  CONSUMPTION;  its  Na- 
ture, Varieties,  and  Treatment  With  an  analysis  of  one 
thousand  caAes  to  exempUiy  its  duration.  In  one  Svo.  voL 
of  303  pp.    Cloth.  $2.50. 

PA\nrS  TREATISE  ON  THE  FUNCTION  OF  DIQE3- 
TION ;  its  Disorders  and  their  Treatment  From  the  second 
London  edition.     In  one  octavo  volume  of  238  pages. 


Lea  Brothers  A  Co.,  Pub/iahera,  706,  708  &  710  Sansom  Street,  Philadefphia. 
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Hayem's  Physical  and  Natural  Therapeutics. — Shortly. 

Physical  and  Natural  Therapentics.  The  Remedial  Use  of  Heat,  Electricity,  Modifications 
of  Atmospheric  Pressure,  Climates,  and  Mineral  Waters.  By  Georges  Hayem,  M.D.,  Professor  of 
Clinical  Medicine  in  the  Faculty  of  Medicine  of  Paris.  Edited  with  the  assent  of  tne  author,  by 
HoBABT  Amory  Habe,  M.D.,  Professor  of  Therapeutics  in  the  Jefferson  Medical  College  of  Philadel- 
phia.    In  one  handsome  octayo  yolume  with  numerous  illustrations. 

Taylor'^Index  of  Medicine. — ^Just  Ready. 

An  Index  of  Medicine.  By  Seymour  TAYiiOR,  M.D.,  M.K.C.P.,  Assistant  Physician  to  the 
West  London  Hospital.     In  one  12mo.  yolume  of  802  pages.     Cloth,  $3.75. 


Although  called  an  "Index,"  the  subjects  treated  of  In 
this  work  are  not  arraziged  alphabetically,  but  logically 
according  to  systems.  The  descriptions  are  of  necessity 
yery  brier,  but  they  are  at  the  same  tlnie  clear  and  compre- 
hensiye,  and,  for  a  short  definition  of  any  special  disease  or 
for  a  useful  hint  as  to  the  therapeutic  management  of  a 
troublesome  case,  the  work  seems  to  be  well  adapted.— 
Medical  Record,  March  25, 1895. 

The  author  has  prepared  a  work  of  great  value  alike  to 

In  a  certain  sense  the  name 


atically  in  order  to  secure  for  the  reader  the  many  advan- 
tages resulthig  from  rational  arrangement.  After  valuable 
chapters  on  ^♦Disease,"  "General  Pathology,"  "General 
Diseases  "  and  "  Specific  Infectious  Diseases,'^ and  "  Specific 
Fevers,"  the  various  organs  and  systems  of  the  body  are 
considered,  and  the  cause,  symptoms,  pathology,  treatment 
and  prognosis  of  each  anection  are  succinctly  stated. 
Numerous  illustrations,  together  with  tabulations  of  differ- 
ential diagnosis,  tests,  etc.,  elucidate  the  text  and  condense 
a  great  amount  of  necessary  knowledge  In  the  clearest 


physicians  and  students  .^ 

''  Index  "  is  a  misnomer,  for  the  volume  is  in  fact  a  concise  i  manner.    The  work  is  one  which  merits  and  will  doubtless 

**  Practice  of  Medicine,"  tlie  diseases  being  grouped  system- !  obtain  a  wide  popularity.— T^  St  Louis  Cliniqw,  May,  1895. 

Whitla's  Dictionary  of  Treatment. 

A  Dictionary  of  Treatment;  or  Therapeutic  Index,  including  Medical  and  Surgical 
Therapeutics.  By  William  Whttla,  M.D.,  Professor  of  Materia  Medica  and  Therapeutics  in  the 
Queen's  College,  Belfast  Reyised  and  adapted  to  the  United  States  Pharn^aoopoeia.  In  one  square 
octavo  yolume  of  917  pages.     Cloth,  $4.00. 


The  several  diseased  conditions  are  arranged  in  alphabet- 
tical  order,  and  the  methods,  medical,  surgical,  dietetic 
and  climatic,  by  which  tliey  may  be  met,  are  considered. 
On  every  page  we  find  clear  and  detailed  directions  for 
treatment  The  book  abounds  with  useflil,  practical  hints 
and  suj§;ge8tions.  The  most  experienced  members  of  the 
profession  may  useflilly  consult  its  pages  for  the  purpose 


of  learning  what  is  really  trustworthy  in  the  later  thera- 
peutic developments.  The  Dictionary,  is,  in  short,  the 
recorded  experience  of  a  practical  scientiac  therapeutist, 
who  has  careftilly  studied  diseases  and  disorders  at  the 
bed-side  and  in  the  consulting-room,  and  has  earnestly 
addressed  himself  to  the  cure  and  relief  of  his  patients. 
—The  Olasgow  .\fedUxU  Journal. 


Yeo's  Manual  of  Medical  Treatment. 

A  Manual  of  Medical  Treatment  or  Clinical  Therapeutics.    By  L  Burney  Yeo,  M.D., 

F.R.C.P.,  Professor  of  Therapeutics  in  King's  College,  London.     In  two  12mo.  volumes  containing  1275 

pages,  with  illustrations.     Complete  work,  cloth,  $5. 50. 

tion  contains  a  number  of  prescriptions  which  the  author 
has  found  most  useAil,  and  at  the  end  of  every  chapter  is 
added  a  selection  of  formulse  from  the  writing  of  various 
well-known  physicians.  The  work  is  exceedingly  prac- 
tical, and  the  details  of  the  various  methods  of  treatment 


In  Dr.  Yeo's  book  the  study  of  the  treatment  of  disease 
is  approached,  not  from  the  side  of  the  drug  or  remedy  as 
in  works  on  therapeutics,  but "  from  the  side  of  the  disease." 
The  various  diseases  are  grouped  together ;  a  short  account 
is  given  of  the  clinical  nistory,  course  and  pathology  of 
each,  and  Aroma  consideration  thereof  indications  for  treat- 
ment are  arrived  at ;  then  follows  a  full  discussion  of  the 
best  methods  of  carrying  out  these  indications.    Each  sec- 


are  alwavs  given.  Full  directions  are  given  with  regard  to 
diet,  moae  of  life,  and  general  treatment,  which  are  often 
as  Important  as  the  treatment  by  dnigs.— Medical  Chronicle. 


BY  THE  SAME  AUTHOR. 

Food  in  Health  and  Disease.  In  one  12mo.  volume  of  590  pages.  Cloth,  $2.00.  See  Series 
of  Clinical  MantudSj  page  30. 

Bartholow  on  Cholera. 

Oholera :  Its  Causes,  Symptoms,  Pathology  and  Treatment.  By  Roberts  Bartholow, 
M.D.,  LL.D.,  Emeritus  Professor  of  Materia  Medica,  General  Therapeutics  and  Hygiene  in  the  Jefferson 
Medical  College  of  Philadelphia.     In  one  12mo.  volume  of  127  pages,  with  9  illustrations.     Cloth,  $1.25. 

BY  THE  SAME  AUTHOR. 
Medical  Electricity.    A  Practical  Treatise  on  the  Applications  o^  Electricity  to  Medicine  and 
Surgery.     Third  edition.     In  one  octavo  volume  of  308  pages,  vrith  110  illustrations. 

Richardson's  Preventive  Medicine. 

Preventive  Medicine.  By  B.  W.  Richardson,  M.D.,  LL.D.,  F.R.S.,  Fellow  of  the  Royal 
College  of  Physicians,  London.     In  one  8vo.  volume  of  729  pages.    Cloth,  $4.00 ;  leather,  $5.00. 


SCHREIBER  ON  MASSAGE.  A  Manual  of  Treatment 
by  Massage  and  Methodical  Muscle  Exercise.  By  Joseph 
SCHBEtBER,  M.D.  Translated  by  Walter  Mendelson,  M.D.  , 
of  New  York.  In  one  handinme  octavo  volume  of  274 
pages,  with  117  fine  engravings. 

STILL^ON  CHOLERA:  Its  Origin,  History,  Causation, 
Symptoms,  Lesions,  Prevention  and  Treatment.  In  one 
handsome  12mo.  vol.  of  163  pages,  with  a  chart  Cloth,  Sl.25. 

A  TREATISE  ON  FEVER.  By  Robert  D.  Lyons,  K.C.C. 
In  one  octavo  volume  of  854  pages.    Cloth,  S2.25. 


LECTURES  ON  THE  STUDY  OF  FEVER.  By  A.  Hud- 
son, M.D.,  M.R.I.A.  In  one  octavo  volume  of  308  pages. 
aoth,$2.50. 

LA  ROCHE  ON  YELLOW  FEVER,  in  its  Historical,  Path- 
ological, Etiological  and  Therapeutical  Relations.  Two 
octavo  volumes,  1468  pages.    Cloth,  $7.00. 

TANNER'S  MANUAU  OF  CLINICAL  MEDICINE  AND 
PHYSICAL  DIAGNOSIS.  Third  American,  firom  the  second 
London  edition.  Revised  and  enlarged  bv  TfLBURY  Fox, 
M.D.  In  one  12mo.  volume  of  362  pages,  with  Ulustrations. 
Cloth,  $l.oO. 


Lea  Brothers  d  Co.,  Publishors,  706,  708  &  710  Sanaom  Street  Philadelphia. 
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Dercum  on  Nervous  Diseases. — In  Press. 

A  Text-Book  on  Nervous  Diseases.  By  American  Authors.  Edited  by  F.  X.  Dercum,  M.D., 
Clinical  Professor  of  Diseases  of  the  Nervous  System  in  the  Jefferson  Medical  College,  Philadelphia. 
In  one  handsome  octavo  volume  of  about  1000  pages,,  with  numerous  illustrations. 


N.  E,  BRILL,  M.D., 
CHARLES  W.  BURR.  M.D., 
JOSEPH  COLLINS.  M.D., 
CHARLES  L.  DANA,  M.D.. 
F.  X.  DERCUM,  M.D., 
GEO.  S.  dbSCHWEINITZ.  M.D., 
B.  D.  FISHER,  M.D., 
LANDON  CARTER  GRAY,  M.D., 


U5T  OP  CONTRIBUTORS. 

C.  A.  HERTER,  M.D., 
OEORQE  W.  JACOBY,  M.D., 
WILLIAM  W.  KEEN,  M.D., 
PHILIP  COOMBS  KNAPP,  M.D., 
JAMBS  HBNDRIE  LLOYD.  M.D., 
CHARLES  K.  MILLS,  M.D., 


S.  WEIR  MITCHELL,  M  D. 
CHARLES  A.  OLIVER,  M.D.. 
WILUAM  O0LER.  M.D.. 
FREDERICK  PEVBBON.  M.D., 
MORTON  PRINCE,  M.D., 
WHARTON  SINKLER,  M.D., 
M.  ALLEN  STARR,  M.D., 
JAMES  C.  WILSON,  M.D. 

Gray  on  Nervous  and  Mental  Diseases. 

A  Practical  Treatise  on  Nervous  and  Mental  Diseases.  By  Landon  Carter  Gray, 
M.D.,  Professor  of  Diseases  of  the  Mind  and  Nervous  S^tem  in  the  New  York  Polyclinic  In  one  very 
handaome  octavo  volume  of  681  pages,  with  168  illustrations.     Cloth,  $4.50 ;  leather,  $5.50. 

Mitchell  on  Nerve  Injuries  and  Their  Treatment. — ^Just  Ready. 

Remote  Consequences  of  Ii^nries  of  Nerves  and  Their  Treatment.    An  examinatioa  of 

the  present  condition  of  wounds  received  in  1863-5,  with  additional  illustrative  cases.     By  John  K. 

Mitchell,  M.D.,  Assistant  Physician  to  the  Orthopsedic  Hospital  and  Infirmary  for  Nervous  Diseases, 

Philadelphia.     In  one  handsome  12mo.  volume  of  239  pages,  with  12  illustrations.     Cloth,  $1.75. 

commimicate  with  the  survivorB  and  to  eain  a  connected 
medical  history  of  each.  Cognate  cases  nave  been  added 
from  private  practloe.    The  novel  subject,  the  methods 


The  author  has  chosen  a  subject  of  great  clinical  impor 
tance  to  eeneral  practitionen  aM  well  as  to  surgeons.  Inju- 
ries of  the  nerves  axe  fhequent  in  civil  life,  and  cause 

Bble  affections. 


diverse  painftil  and  intractable  affections.  Through  access 

to  hospital  records  of  30  years  ago,  Dr.  Mitchell  has  securad  I  longed 


fiursued  in  secturing  and  verifying  the  data,  and  the  pro* 
onged  period  oovcsred  by  the  observations  will  constitate 
the  early  details  of  a  number  of  cases  in  point,  and  by  i  the  work  an  authority  in  a  difficult  and  important  branch 


means  of  the  Government  archives  he  has  been  able  to  i  of  medical  practice. 


Ross  on  Diseases  of  the  Nervous  System. 

A  Hand-book  on  Diseases  of  the  Nervous  System.    By  James  Boas,  M.D..  F.RC.P., 

LL.D.,  Senior  Assistant  Physician  to  the  Manchester  Royal  Infirmary.  In  one  octavo  volume  of  725 
pages,  with  184  illustrations.     Cloth,  $4.60;  leather,  $5.50. 

Hamilton  on  Nervous  Diseases. — Second  Edition. 

Nervous  Diseases ;  Their  Description  and  Treatment  By  AtJiAN  MgLanb  Hamilton,  M.D.. 
Attendiuj?  Physician  at  the  Hospital  for  Epileptics  and  Paralytics,  Blackweirs  Island,  N.  Y.  Second 
edition,  tnoroughly  revised  and  rewritten.  In  one  octavo  volume  of  598  pages,  with  72  illustradons. 
aoth,  $4.00.  

Savage  on  Insanity  and  Allied  Neuroses. 

Insanity  and  Allied  Neuroses,  Practical  and  Clinical.  By  Geoboe  H.  Savage,  M.D., 
Lecturer  on  Mental  Diseases  at  Guy^s  Hospital,  London.  In  one  12mo.  volume  of  551  pages,  with  18 
illustrations.     Cloth,  $2.00.     See  Series  of  Vlinuxd  Manualsj  page  30. 

Tuke  on  the  Influence  of  the  Mind  upon  the  Body. 

Illttstrations  of  the  Influence  of  the  Mind  upon  the  Body  in  Health  and  Disease. 

Designed  to  elucidate  the  Action  of  the  Imagination.  By  Daxiel  Hack  Tuke,  M.D.,  Joint  Author  of 
the  Manual  of  Psychological  Medicine,  etc.  New  edition,  thoroughly  revised  and  rewritten.  In  one 
8vo.  volume  of  467  pages,  with  2  colored  plates.     Cloth,  $3.00. 

Clouston  on  Mental  Diseases. 

Clinical  Lectures  on  Mental  Diseases.  By  Thomas  S.  Cloustok,  M.D.,  Lecturer  on 
Mental  Diseases  in  the  University  of  Edinburgh.  With  an  Appendix,  containing  an  abstract  of  the 
Statutes  of  the  United  States  and  of  the  Several  States  and  Territories  relating  to  the  Custody  of  the 
Insane.  Bv  Charles  F.  Folsom,  M.D.,  Assistant  Professor  of  Mental  Diseases,  Medical  Department 
of  Harvard  University.  In  one  octavo  volume  of  541  pages,  with  8  lithographic  plates,  4  of  which  are 
colored.     Cloth,  $4.00. 

>r.  Folsom' s  Abatracl  also  separate,  in  one  8vo.  volume  of  108  pages.     Cloth,  $1.50. 


Playfair  on  Nerve  Prostration  and  Hysteria. 

The  Systematic  Treatment  of  Nerve  Prostration  and  Hysteria.    By  W.  S.  Plattaib, 

M.D.,  F.R.C.P.     In  one  12mo.  volume  of  97  pages.     Cloth,  $1.00. 


blandford  on  insanity  and  its  treatment. 

Lectures  on  the  Treatment,  Medical  and  Legal,  of  Insane 
Patients.    In  one  very  handsome  octavo  volume. 

JONES'  CLINICAL  OBSERVATIONS  ON  FUNCTIONAL 
NERVOUS  DISORDERS.  Second  American  edition.  In 
one  handsome  octavo  volume  of  340  pages.    Cloth,  $3.25. 

DAVIS'  CLINICAL  LECTURES  ON  VARIOUS  IMPOR- 
TANT DISEASES.  By  N.  8.  Da\ts,  M.D.  Edited  by  Frank 
H.  Davis,  M.D.  Second  edition.  12mo.,  287  pages.  Cloth, 
tl.75. 

TODD'S  CLINICAL  LECTURES  ON  CERTAIN  ACUTE 
DISEASES.    In  one  8vo.  volume  of  320  pages.    Cloth,  $2,50. 


FLINT'S  PRACTICAL  TREATISE  ON  THE  PHYSICAL 
EXPLORATION  OF  THE  CHEST  AND  THE  DIAGNOSB 
OF  DISEASES  AFFECTING  THE  RESPIRATORY  ORGANS 
Second  and  revised  edition.  In  one  handsome  octavo  vol- 
ume of  591  pages.    Cloth,  S4.5a 

FULLER  ON  DISEASES  OF  THE  LUNGS  AND  AIR- 
PASSAGES.  Their  Pathology,  Physical  Diagnosis,  Symp- 
toms and  Treatment  From  the  second  and  revised  English 
edition.    In  one  octavo  volume  of  475  pages.    Cloth,  f8.50. 

SLADE  ON  DIPHTHERIA :  its  Nature  and  Treatinent» 
with  an  account  of  the  History  of  its  Prevalence  in  various 
Countries.  Second  and  revised  edition.  In  one  12mo.  vol., 
158  pp.    Cloth,  $1.25 
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Abbott's  Bacteriology.— New  (2d)  Edition. 

The  Principles  of  Bacteriology:    a  Practical  Manual  for  Students  and  Physicians.     By  A.  G. 

Abbott,  M.D.,  First  Assistant,  Laboratory  of  Hygiene,  University  of  Pennsylvania,  Philadelphia.    New 

(second)  edition,  thoroughly  revised  and  greatly  enlarged.     In  one  very  handsome  12mo.  volume  of  472 

pages,  with  94  illustrations,  of  which  17  are  colored.     Cloth,  $2.75. 

cuts,  too,  is  a  valuable  addition,  and  the  cuts  are  bo  colored 
as  to  coDvey  tiieir  infOTmation  forcibly  and  well.— Aino  York 
Medical  Journal,  January  12, 1885. 

In  this  book  the  principles  of  bacteriology  are  more 
clearly  delineated  than  in  any  other  work  now  before  the 
profession.  That  the  object  of  the  author  in  presenting  a 
knowledge  of  such  portions  of  the  subject  as  are  of  impor- 
tance to  students  and  practitioners  ox  medicine  has  been 
attained  is  evinced  by  the  early  call  for  a  second  edition. 
Since  in  the  present  edition  the  text  has  been  nearly 
doubled  and  the  number  of  illustrations  trebled,  it  wiD 
doubtless  be  found  a  still  more  useftil  guide  to  this  most 
important  field  of  medical  science.— lAtioern/y  Medical 
Moffozine,  April,  1895. 


It  is  the  most  satls&ctory  and  comprehensive  book  on 
practical  bacteriology  in  our  language.— CAica^o  Clinical 
Seview,  November,  18^. 

Dr.  Abbott's  book  possesses  that  quality  so  rare  in  medical 
literature  of  being  mteresting  and  readable.  Its  clearness, 
too,is  delightful.  For  the  student  and  practitioner, for  whom 
it  is  intended,  it  may  well  be  doubted  if  the  work  could 
have  been  more  admirably  done.  To  this  opinion,  which 
applies  largely  to  the  first  edition  as  well  as  to  the  second, 
must  be  added  a  commendation  of  the  additions  to  the 
work  which  appear  in  this  last  edition  The  chapter  on 
infection  and  immunity  is  wisely  introduced,  and  the  story 
of  our  knowledge  of  these  iniportant  subjects  is  concisely 
and  excellently  presented.   The  Introduction  of  colored 


Qibbes'  Practical  Pathology  and  Morbid  Histology. 

Practical  Pathology  and  Morbid  Histology.    By  Heneaoe  Gibbes,  M.D.,  Professor  of 

Pathology  in  the  Univeraity  of  Michigan,  Medical  Department     In  one  very  handsome  8vo.  volume  of 

314  pages,  with  60  illustrations,  mostly  photographic    Cloth,  |2.75. 

The  student  of  morbid  histology  and  bacteriology  has  at  etc.  The  third  part,  which  comprises  more  than  half  the 
his  hand.  In  this  neat  volume  of  some  three  hundrea  pages, 
a  most  excellent  guide  and  one  which,  uxiless  he  be  a  yerv 
adyanced  student,  he  cannot  afford  to  be  wlttiout  The 
work  is  divided  iiito  four  parts,  the  first,  that  of  practical 
pathology,  containing  clear  and  precise  directions  in  histo- 
logical technique,  showing  how  to  prepare  the  tissues  for 
examination,  cut,  stain  and  mount  sections,  etc.  The  sec- 
ond part  deals  with  bacteriology,  with  the  different  forms 
of  cultivation,  microscopic  examinations  of  the  bacteria, 


book,  treats  of  morbid  histology.  This  port  is  illustrated 
with  a  great  number  of  beautiAil  photo-micrographs  in 
which  the  microscopic  field  is  reproduced  with  a  dfstinct- 
nesB  that  is  really  remarkable.    The  fourth  part  contains 


some  very  practical  instruction  on  photography  with  the 
microscope.  Works  like  this  of  Dr.  Qibbes  will  soon  popu* 
larize  histology  among  the  profession  at  laige,  whereas  it  is 


now  to  a  lazge  number  of  physicians  almost  a  sealed  book. 
—Medical  Record, 


Senn's  Surgical  Bacteriology. — Second  Edition. 

Surgical  Bacteriology.  By  Nicholas  Senk,  M.D.,  PIlD.,  Professor  of  Surgery  in  Rush 
Medical  College,  Chicago.  New  (second)  edition.  In  one  handsome  octavo  volume  of  268  pages,  with 
13  plates,  of  which  10  are  colored,  and  9  engravings.     Cloth,  $2.00. 


The  book  is  really  a  systematic  collection  in  the  most  con- 
cise form  of  such  results  as  are  published  in  current  medi- 
cal literature  by  the  ablest  workers  in  this  field  of  suigical 
progress ;  and  to  these  are  added  the  author's  own  views 
and  the  results  of  his  clinical  experience  and  original 
investigations.  The  book  Is  valuable  to  the  student,  but 
its  chief  value  lies  in  the  fact  that  such  a  compilation  makes 


it  possible  for  the  busy  practitioner,  whose  time  for  reading 
is  limited  and  whose  sources  of  information  are  often  few, 
to  become  conversant  with  the  most  modem  and  advanced 
ideafl  In  suigical  pathology,  which  have  "  laid  the  founda* 
tlon  for  the  wonderfbl  achievements  of  modem  sur^ry."— 
AnnalB  qf  Surgery. 


Green's  Pathology  and  Morbid 

Pathology  and  Morbid  Anatomy.    B^  T 

Morbid  Anatomy  at  Charing-Cross  Hospital  Medical 

and  revised  £nglish  edition.     Octavo  volume  of  539 

There  is  scarcely  an  intelligent  physician  anywhere  who  ; 
has  not  the  work  in  his  library,  for  it  is  almost  an  essential. 
In  foct  it  is  better  adapted  to  the  wants  of  eeneral  prac- , 
titloners  than  any  work  of  the  kind  with  which  we  are 
acqufUnted.  The  works  of  German  authors  upon  pathology. 


Anatomy. — Seventh  Edition. 

Henry  Green,  M.D.,  Lecturer  on  Pathology  and 

School,  London.     Sixth  American  from  the  seventh 

pages,  with  167  engravings.     Cloth,  $2.75. 

which  have  been  translated  into  English,  are  too  abstruse 
for  the  physician.  Dr.  Green's  work  precisely  meets  his 
>vishes.  The  fact  that  it  is  so  generally  employed  as  a  text- 
book by  medical  students  is  evidence  that  we  have  not 
spoken  too  mu(di  in  its  f&vor.—Ctncinnati  Med,  News. 


Coats'  Treatise  on  Pathology. 

A  Treatise  on  Pathology.  By  Joseph  Coats,  M.D.,  F.F.P.S.,  Pathologist  to  the  Glasgow 
Western  Infirmary.   In  one  octavo  volume  of  829  pages,  with  339  illustrations.   Cloth,  $5. 50 ;  leather,  |6. 50. 

Klein's  Histology.— Fourth  Edition. 

Elements  of  Histology.  By  E.  Kled^,  M.D.,  F.B.S.,  Joint  Lecturer  on  General  Anatomy 
and  Physiology  in  the  Medical  School  of  St  Bartholomew's  Hospital,  London.  Fourth  edition.  In  one 
12mo.  volume  of  376  pages,  with  194  illus.     Limp  cloth,  $1.75.     See  SludetUt^  Series  <^  Manuaia,  page  30. 


The  large  number  of  editions  through  which  Dr.  Klein's 


little  handbook  of  histology  hfui  run  since  its  first  appear- 
ance in  1883  is  ample  evidence  that  it  is  appreciated  by  the 
medical  student  and  that  it  supplies  a  definite  want.    The 


clear  and  concise  manner  in  which  it  is  written,  the  ab- 
sence of  debatable  matter,  of  conflicting  views,  and  the  con- 
venient size  of  the  book  and  its  moderate  price,  wiU  account 
for  its  undoubted  BUCoeBs.— Medical  Chronicle, 


Schafer's  Histology.— New  (4th)  Edition. 

The  Essentials  of  Histology.  By  £dwabd  A.  Schafer,  M.D.,  F.R.S.,  JodreU  Professor  of 
Physiol(^  in  University  College,  London.  New  (fourth)  edition.  In  one  octavo  volume  of  311  pages, 
with  288  illustrations.     Cloth,  $3.00. 

Histology,  Pathology  and  Bacteriology.  aoth.iL  See  student^  Quiz  SerUs^^,  do. 


PEPPER'S  SURGICAL  PATHOLOGY.  In  one  pocket-size 
12ma  volume  of  511  pages,  with  81  Illustrations.  limp 
cloth,  red  edges,  92.00.  See  Studentt^  Series  qf  Manuals, 
page  30. 


PAYNE'S  MANUAL  OP  GENERAL  PATHOLOGY.  Bv 
Joseph  F.  Payne,  M.D.,  F.R.C.P.,  Lecturer  on  Pathologtcal 
Anatomy,  St.  Thomas'  Hospital,  London.  In  one  octavo 
volume. 
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Vol.  I.,  Just  Ready.      Vol.  U.,  Shortly. 

A  SYSTEM  OF  SURGERY. 

BY   AMERICAN    AUTHORS. 

Edited  bt  FREDERIC  8.  DENNIS,  M.D., 
Pt'ofessor  of  the  Principles  and  Praetioe  of  Surgen/,  Bellevue  Hospital  MecUocU  Chllege,  New  York  ; 

PresidcTd  cf  the  Amertean  Swrgioal  AsaodatioTi,  etc 

Assisted  by  JOHN  S.  BILLINGS,  M.D.,  LL.D.,  D.C.L., 
Deputy  Swgeon-Oenercdj  U.  S,  A, 

In  four  imperial  octavo  Tolumes  of  about  900  pages  each,  with  many  illustrations  in  black  and 
colon.  Volume  L,  864  pages,  422  engravings  and  2  colored  plates  iajust  ready.  The  succeeding  volames 
to  follow  at  short  intervals.  Price  per  volume,  cloth  |6 ;  leather,  $7  ;  half  morocco,  gilt  back  and  tops, 
f  8.50.     For  sale  by  subscription  only.     For  prospectus  with  order  blank  address  the  IHiblishers. 
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Ashhurst's  Surgery. — Sixth  Edition. 

The  Principles  and  Practice  of  Surgery.  By  John  Ashhurst,  Jr.,  M.D.,  Barton  Professor 
of  Surgery  and  Clinical  Surgery  in  the  University  of  Pennsylvania,  Surgeon  to  the  Pennsylvania  Hospital, 
Philadelphia.  New  (6th)  edition,  enlarged  and  thoroughly  revised.  In  one  octavo  volume  of  1161  pages, 
with  656  illustrations.     Cloth,  |6.00  ;  leather,  $7.00. 


Ashhurst's  Surgery  maintains  In  its  sixth  edition  the  high 
standard  of  excellence  which  has  always  been  its  charac- 
teristic. The  author  has  so  thoroughly  revised  his  work 
that  the  most  recent  appliances  and  methods  in  suivery  are 
mentioned.  Dr.  Ashhurst's  well-known,  comprenei^ve, 
and  yet  concise  treatment  of  the  various  subjects  is  even 
more  marked  in  this  than  in  the  previous  editions.  A  great 
deal  of  new  matter  has  been  added  without  making  the 
volume  unwieldy.  Condensation  and  elimination  nave 
been  most  skilfully  done  where  necessary.— TT^c  Chicago 
Medical  Recorder. 

The  fact  that  a  book  has  reached  its  sixth  edition  should 
speak  volumes  in  its  favor,  and  an  examination  of  the  work 
before  us  will  soon  reveal  the  reasons  of  its  popularity.    It 


is  systematic  and  takes  up  and  treats  subjects  in  logics 
order,  which  makes  it  especially  valuable,  because  the 
subject  thereby  becomes  more  clearly  understood  and  easily 
remembered.  The  author  has  not  been  content  merelv 
with  giving  his  own  favorite  notions,  but  has  presented  the 
views  of  other  surgeons  as  well,  always,  however,  indica- 
ting his  own  Judgment  or  preference.  This  makes  it  val- 
uabie  and  suggestive  as  a  reference  book  for  the  prscU* 
tioner.  In  fact,  it  is  surprising  what  an  encydopeedlc 
amount  of  information  is  condensed  within  its  eleven  hun- 
dred and  sixty-six  pages.  In  the  present  edition  fifty  IMtfes 
of  new  matter  have  been  added.  In  short,  it  is  about  what 
one  would  expect  in  an  up-tondate  edition  of  a  standard 
American  text-book.— Cfevoand  Medical  Oazette. 


Young's  Orthopedic  Surgery. 

A  Manual  of  Orthopedic  Surgery,  for  Students  and  Practitioners.    By  James  K. 

YouNO,  M.D.,  Instructor  in  Orthopedic  Surgery,  University  of  Pennsylvania,  Philadelphia.     In  one 
octavo  volume  of  446  pages,  with  285  illustrations.     Cloth,  $4*00 ;  leather,  $5.00. 


The  author  of  this  work  has  styled  it  "A  Practical  Treatise 
on  Orthopedic  Suigery,"  with  which  title  we  find  no  fault. 
It  is  a  thorough,  a  very  compxehensive  work  upon  this  legitr 
Imate  surgical  specialty  and  every  page  abounds  with  evi- 
dences of  practicality.  We  find  an  Immense  amount  of 
thoroughly  up-to-date  Information  upon  more  than  the  usu- 
ally limited  number  of  common  deformities.  The  patholog>' 


is  thoroughly  modem  and  the  paragraphs  on  treatment  are 
replete  with  Judicious  conservatism.  The  author  having 
fully  accomplished  his  objects  as  set  forth  in  the  Prefluse, 
and  having  also  given  us  the  clearest  and  most  modem  work 
upon  this  growing  department  of  surgerv  with  which  we  are 
familiar,  we  can  out  add  an  unqualinea  commendation  for 
this  manual  —The  Chicago  Clinieal  Review,  January,  1895. 


Roberts'  Modern  Surgery. 

The  Principles  and  Practice  of  Modem  Surgery.  For  the  use  of  Students  and  Practi- 
tioners of  Medicine  and  Surgery.  By  John  B.  Roberts,  M.D.,  Professor  of  Anatomy  and  Surgery  in 
the  Philadelphia  Polyclinic  Professor  of  the  Principles  and  Practice  of  Surgery  in  the  Woman*  3 
Medical  College  Of  rennsylvania.  Lecturer  on  Anatomy  in  the  University  of  Pennsylvania.  In  one 
very  handsome  octavo  volume  of  780  pages,  with  501  illustrations.     Cloth,  (4.50;  leather,  $5.50. 

This  work  is  a  very  comprehensive  manual  upon  general  trines  and  methods  of  praetioe  of  the  present  day.  Its  gen* 
surgery,  and  will  doubtless  meet  with  a  favorable  reception  ,  eral  arrangement  follows  this  rule,  and  the  author,  in  his 
by  the  profession.  It  has  a  thoroughly  practical  character,  .  desire  to  be  oondse  and  practical,  is  at  times  almost  doe* 
the  subjects  are  treated  with  rare  judgment,  its  conclusions  matic,  but  this  is  entirely  excusable  considering  the  aa- 
are  in  accord  with  those  of  the  leading  practitioners  of  the  mirable  manner  in  which  he  has  thus  increased  the  nseftil- 
art,  and  its  literature  is  fUlly  up  to  all  the  advanced  doc-   ness  of  his  wark..—Medicai  Record. 


Surgery.     Cloth,  11.75.     See  SludenU^  Quiz  Series,  page  30. 


PIRRIE'S  PRINCIPLES  AND  PRACTICE  OF  SURGERY. 
Octavo,  784  pages,  316  illustrations.    Cloth,  $3.75. 


GANT'S    STUDENT'S    SURGERY, 
pages,  159  engravings.    Cloth,  S3.75. 


Square  octavo,  S4S 
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Wharton's  Minor  Surgery  and  Bandaging. — Second  Edition. 

Minor  Surgery  and  Bandaging.    By  Henry  R  Wharton,  M.D.,  Demonstrator  of  Surgery 

in  the  University  of  Pennsylvania.     New  (Second^  edition.     In  one  12mo.  volume  of  629  pages,  with 

416  engravings,  many  being  photographic.     Cloth,  ^3.00. 

It  Ib  but  little  more  than  two  vears  a^o  that  we  published 
a  review  notice  of  Wharton's  nrst  edition.  At  that  time, 
we  remarked  that  the  book  was  one  of  the  very  best 
treatises  on  minor  surgery  that  had  been  published,  that  It 
ouf  ht  to  be  adopted  as  a  text-book  on  the  subjects  of  which 
it  treats,  and  that  It  contained  more  practical  surgerv  with- 
in Its  limits  and  boundaries  than  any  book  of  its  kind  we 
had  ever  seen.  What  was  true  of  the  first  edition  may  be 
with  propriety  repeated  and  accentuated  In  regard  to  this 
second  and  revised  edition.     Its  illustrations  are  to  be 


specially  commended,  particularly  those  that  relate  to 
iMinda^ng,  most  of  which  have  been  taken  ftom  photo- 
graphs of  applied  bondaxes  in  the  several  localities  of  the 
body.  The  author  has  thoroughly  revised  that  portion  of 
the  work  relating  to  the  aseptic  and  antiseptic  methods  of 
wound  treatment,  than  which  there  is  no  more  important 
subject  in  the  whole  domain  of  suigery.  Much  new  matter 
has  been  added,  which  brings  it  abreast  of  the  very  latest 
knowledge  on  the  subjects  of  which  it  treats.— ^t^^o/o 
Medical  and  Surgical  Journal. 


Treves'  Operative  Surgery. — ^Two  Volumes. 

A  Mannal  of  Operative  Siu^ery.  By  Frederick  Treves,  F.RCS.,  Surgeon  and  Lecturer 
on  Anatomy  at  the  London  Hospital.  In  two  octavo  volumes  containing  1550  pages,  with  422  engravings. 
Complete  work,  cloth,  $9.00;  leather,  $11.00. 


Mr.  Treves  In  this  admirable  manual  of  operative  sur- 

S3ry  has  in  each  instance  practically  assumed  that  opera- 
on  has  been  decided  upon  and  has  then  proceeded  to  give 
the  various  operative  methods  which  may  be  employed, 
with  a  criticism  of  their  comparative  value  and  a  detedled 
and  careAil  description  of  each  particular  stage  of  their 
performance.  Especial  attention  nas  been  paid  to  the  pre- 
paratory treatment  of  the  patient  and  to  the  details  of  the 
after-treatment  of  the  case,  and  this  .is  one  of  the  most  dis- 
tinctive amotig  the  many  excellent  features  of  the  book. 
We  declare  it  the  best  work  on  the  subject  in  the  English 
language,  and  indeed,  in  many  respects,  the  best  in  any 


!  language.  It  cannot  fail  to  be  of  the  greatest  use  both  to 
practical  surgeons  and  to  those  general  practitioners  who, 
owing  to  their  isolation  or  to  other  circumstances,  are  forced 
to  do  much  of  their  own  operative  work.  We  recommend 
the  book  so  strongly  for  the  excellent  judgment  displayed  in 
the  arduous  task  of  selecting  from  among  the  thousands  of 
varying  procedures  those  most  worthy  of  description ;  for  the 
way  in  which  the  still  more  difficult  task  of  choosing  among 
the  best  of  those  has  been  accomplished ;  and  for  the  simple, 
clear,  straightforward  manner  In  which  the  information 
thus  gathered  firom  all  surgical  literature  has  been  con- 
veyed to  the  reader.— Annato  qf  Surgery. 


Treves'  Student's  Hand-Book  of  Surgical  Operations.    In  one  square  l2mo.  volume  of 

508  pages,  vrith  94  illustrations.     Cloth,  $2.50. 


A  llianual  of  Surgery.  In  Treatises  by  various  Authors,  edited  by  Frederick  Treves, 
F.RCS.  In  three  12mo.  volumes,  containing  1866  pages,  with  213  engravings.  Price  per  set,  cloth, 
$6.00.     See  Studentt^  Series  of  Manwak,  page  30. 


Treves  on  Intestinal  Obstruction.    In  one  12mo.  volume  of  522  pages,  with  60  illustrations. 
Limp  cloth,  blue  edges,  $2.00.     See  Series  of  Clinical  Manuals,  page  30. 


Bryant's  Practice  of  Surgery. — Fourth  Edition. 

The  Practice  of  Surgery.    By  Thomas  Bryant,  F.R.C.S.,  Surgeon  and  Lecturer  on  Surgery 

at  Gup^s  Hospital,  London.     Fourth  American  from  the  fourth  and  revised  English  edition.     In  one 

large  imperial  octavo  volume  of  1040  pages,  with  727  illustrations.     Cloth,  $6.50 ;  leather,  $7.50. 

The  present  edition  is  a  thoroturh  revision  of  those  which  I  presented  In  such  a  form  as  to  enable  the  busy  practitioner 
preceded  it,  with  much  new  matter  added.  His  diction  is  J  to  review  any  subject  in  every-day  practice  in  a  short  time. 
80  graceful  and  logical,  and  his  explanations  are  so  lucid,    In  short,  the  work  is  eminently  clear,  logical  and  practical. 


for  the  medical  student.    Almost  every  topic  in  surgery  is 


Erichsen's  Science  and  Art  of  Surgery. — Eighth  Edition. 

The  Science  and  Art  of  Surgery;  Being  a  Treatise  on  Surgical  Injuries,  Diseases  and 
Operations.  By  John  E.  Erichsen,  F.R,S.,  F.RCS.,  Professor  of  Surgery  in  the  University  College, 
London,  etc.  From  the  eighth  and  enlarged  English  edition.  In  two  large  octavo  volumes  of  2316 
pages,  with  984  engravings  on  wood.     Cloth,  $9.00 ;  leather,  $11.00. 


Ball  on  the  Rectum  and  Anus. — New  Edition. 

The  Rectum  and  Anus,  Their  Diseases  and  Treatment.  By  Charles  B.  Ball,  F.B.C.S., 
University  Examiner  in  Surgery,  Dnblin.  In  one  12mo.  volume  of  453  pages,  with  60  engravings  and 
4  colored  plates.     Cloth,  $2.25.     Just  Beady.    See  Series  of  Chemical  Manuals,  page  30. 

Gould's  Surgical  Diagnosis. 

Elements  of  Surreal  Diagnosis.  By  A.  Pearce  Gould,  M.S.,  M.B.,  F.R.C.S.,  Assistant 
Surgeon  to  Middlesex  Hospital,  London.  In  one  pocket-size  12mo.  volume  of  589  pages.  Cloth,  $2.00. 
See  StudenUf  Series  of  Manuals,  page  30. 

HOLMES'  SYSTEM  OF  SURGERY.    Three  octavo  vol- 1  can  from  the  third  Edinburgh  edition.    In  one  octavo  vol- 
umes of  3137  pa^^ee,  with  979  llluB.  and  13  plates.    Per  set,    ume  of  638  pages,  with  »40  lUustrations.    Cloth,  S3.75. 
cloth,  $18.00 ;  leather,  821.00.    SubaeripUon  only.  i     MILLER'S  PRACTICE  OF  SURGERY.    Fourth  edition. 

MILLER'S  PRINCIPLES  OF  SURGERY.    Fourth  Ameri- 1  Octavo,  682  pages,  with  364  lllus.    aoth,  «3.75. 
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20       SURGERY— {Continued),   FRACTURES,   DISLOCATIONS. 
Smith's  Operative  Surgery. — Revised  Edition. 

The  Principles  and  Practice  of  Operative  Surgery.   By  Stephen  Smith,  M.D.,  Profeasor  of 

Clinical  Surgerv  in  the  University  of  the  City  of  New  \ork.     Second  and  thoroughly  revised  edition. 

In  one  very  handsome  octavo  volume  of  892  pages,  with  1005  illustrations.     Cloth,  $4.00 ;  leather,  $5.00. 

This  excellent  and  very  valuable  book  is  cue  of  the  most  geon,  and  even  as  a  book  of  referenoe  for  the  physician  not 

satisActory  works  on  modem  operative  surgery  yet  pub-  especially  encaged  in  the  practice  of  surgery,  this  volume 

lished.    Tne  "book  is  a  compenaium  for  the  mooem  sur-  will  long  hold  a  most  conspicuous  place,  and  seldom  ¥Fill 

aeon.    The  present  edition  is  much  enlarged,  and  the  text  its  readers,  no  matter  how  unusual  the  subject,  consult  its 

Has  been  thoroughly  revised,  so  as  to  give  the  most  im-  pages  in  vain.    Its  compact  form,  excellent  print,  numerous 

proved  methodsin  aseptic  surgeiy  ana  the  latest  instru-  illustrations,  and  especially  its  decidedly  practical  char- 

ments  known  for  operative  woric.  ft  can  be  truly  said  that,  acter,  all  combine  to  commend  it.— BoiUm  Medical  and  Swr- 

as  a  handbook  for  the  student,  a  companion  for  the  sur-  gical  Journal. 

Holmes'  Treatise  on  Surgery. — One  Volume.    Fifth  Edition. 

A  Treatise  on  Surgery;  Its  Principles  and  Practice.  By  Timothy  Holmes,  M.A., 
Surgeon  and  Lecturer  on  Surgenr  at  St  Georges  Hospital,  London.  From  the  fifth  English  edition, 
edited  by  T.  Pickering  Pick,  F.RC.S.  In  one  octavo  volume  of  997  pages,  with  428  illustrationB. 
Cloth,  $6.00 ;  leather,  $7.00.  

Druitt's  Modern  Surgery.— Twelfth  Edition. 

Mannivl  of  Modem  Surgery.  By  Robert  Druitt,  M.R.C.S.  Twelfth  edition,  thoron^hly 
revised  by  Stanley  Boyd,  M.B.,  B.S.,  F.R.C.S.  In  one  8vo.  volume  of  965  pages,  with  373  illastration& 
Cloth,  $4.00;  leather,  $5.00.  

Hamilton  on  Fractures  and  Dislocations. — Eighth  Edition. 

A  Practical  Treatise  on  Fractures  and  Dislocations.    By  Frank  H.  Hamilton,  M.D., 

LL.D.,  Surgeon  to  Bellevue  Hospital,  New  York.     Eighth  edition,  revised  and  edited  hy  Stephen 

Smith,  M.D.,  Professor  of  Clinical  Surgery  in  the  University  of  the  City  of  New  York.     In  one  octavo 

volume  of  832  pages,  with  507  illustrations.     Cloth,  $5.50 ;  leather,  $6.50. 

Its  numerous  editions  axe  convincing  proof,  if  any  is  '  such  nui^itude  is  no  easy  one.  Dr.  Smith  has  aimed  to 
needed,  of  its  value  and  popularity.  It  is  preeminently  the  i  make  the  present  volume  a  correct  ezpMient  of  our  knowl- 
authority  on  fractures  and  dislocations,  and  univeisally  ;  edge  of  this  department  of  surgery.  The  more  one  reads 
Quoted  as  such.  In  the  new  edition  it  has  lost  none  of  its  the  more  one  Is  Impressed  with  its  completeness.  The  work 
tormer  worth.    The  additions  it  has  received  bv  its  recent   has  been  accomplished,  and  has  been  done  clearly,  con- 

>ughly  in  accorai 
ly,  mechanically,  aj 
The  task'  of  writing  a  complete  treatise  on  a  subject  of 

Stimson  on  Fractures  and  Dislocations. 

A  Treatise  on  Fractures  and  Dislocations.  By  Lewis  A.  Stimson,  M.D.  In  two  hand- 
some octavo  volumes.  Volume  I.,  Fracttxjbes,  582  pages,  360  illustrations.  Volume  IL,  Dislocations, 
540  pages,  with  163  illustrations.  Complete  work,  cloth,  $5.50;  leather,  $7.50.  Either  volume 
separately,  cloth,  $3.00;  leather,  $4.00. 

The  appearance  of  the  second  volume  marks  the  comple-  ume  exhibits  the  surgery  of  Dislocations  as  it  is  taught 
tion  of  tne  author's  original  plan  of  preparing  a  work  i  and  practised  by  the  most  eminent  surgeons  of  the  piesent 
which  should  present  in  the  mllest  manner  all  that  is  time.  Contalnhig  the  results  of  such  extended  researches. 
kno\\rn  on  the  cognate  subjects  of  Fractures  and  Disloca- ,  it  must  for  a  lon^^  time  be  regarded  as  an  authority  on  all 
tions.  The  volume  on  Fractures  assumed  at  once  the  posi-  subjects  pertainmg  to  dislocations.  Every  practtnoner  of 
tion  of  authority  on  the  subject,  and  its  companion  on  surgery  will  feel  it  mcumbent  on  him  to  have  it  for  constant 
Dislocations  will  no  doubt  be  similarly  received.    This  vol- 1  reference.— Cincinnati  Medical  News. 


revision  make  it  a  work  thoroughly  in  accordance  with  |  cisely  and  excellently  well.— Boston  Medicai  and  SnrgUal 
modem  practice  theoretically,  mechanically, 


aseptically.  I  Journcil. 


Stimson 's  Operative  Surgery. — Second  Edition. 

A  Manual  of  Operative  Surgery.  Bv  Lewis  A.  Stimson,  B.A.,  M.D.,  Professor  of  Clinical 
Surgery  in  the  University  of  the  City  of  Xew  York.  Second  edition.  In  one  royal  12mo.  volume  of 
503  pages,  with  342  illustrations.     Cloth,  $2.50. 

Cheyne  on  Wounds,  Ulcers,  and  Abscesses. — Just  Ready. 

The  Treatment  of  Wounds,  Ulcers,  and  Abscesses.    By  W.  Watson  Chetnb,  M.B., 

RR.S.,  F.R.C.S.,  Professor  of  Surgery  in  King's  College,  London.     In  one  12mo.  volume  of  207  pages. 
Cloth,  $1.25. 


The  author  of  this  book,  Prof.  Cheyne,  has  long  been 
known  aa  one  of  the  foremost  Londou  surgeons,  and  as  a 
critical  student  of  antiseptic  procedures  in  their  practical 
bearings.  In  this  volume  he  has  described  the  methods  of 
which  he  employs,  and  which  he  knows  to  be  "  efficient 
and  to  be  the  simplest  consistent  with  certainty  in  results." 
There  is  a  large  storehouse  of  knowledge  in  this  book. 


One  will  be  surprised  at  the  amount  of  practical  and  usefhl 
information  it  contains ;  information  that  the  practitioner 
is  likely  to  need  at  any  moment.  The  sections  devoted  to 
ulcers  and  abscesses  are  indispensable  to  any  i^ysiciAQ. 
This  work  cannot  be  appreciated  untU  read,  and  tiien  the 
physician  will  see  to  what  a  great  extent  he  has  been 
benefited.— r^e  ChaHoUe  Medical  Journal,  May,  1885. 


PICK  ON  FRACTURES  AM)  DISLOCATIONS.    By  T.  ,  pages,  with  64  woodcuts  and  a  colored  plate.    Cloth,  tiOa 
Pickering  Pick,  F.R.C.8.,  Surgeon  to  and  Lecturer  on  Sur- '  See  Series  qf  Clinical  Manual^t,  page  30. 
gery  at  St.  George's  Hospital,  London.    In  one  12mo.  vol- 1     BUTLIN  ON  THE  TONGUE.    Diseases  of  the  Tongue, 
ume  of  530  pa^,  with  93  illustrations.    Limp  cloth,  $2.00.  i  By  Henry  T.  Butlin,  F.R.C.a,  Assistant  Surgeon  to  St. 
See  Series  qf  uinieal  MantuiU,  page  30.  I  Bartholomew's  Hospital,  London.    In  one  12mo.  volume  of 

MARSH  ON  DISEASES  OF  THE  JOINTS.    By  Howard    4.56  pages,  with  8  colored  plates  and  8  woodcuts.    Cloth, 
Marsh,  F.R.C.S.,  Senior  Assistant  Surgeon  to  St  Barth-    §3.50.    See  Snrtes  o/ CSintoil  ifanuafs,  page  30. 
olomew's  Hospital,  London.    In  one  I'^o.  volume  of  468 
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A  Text-book  of  Ophthalmology. 


CHARLES  A.  OLIVER,  M.D., 

Surgeon  to  Wills  Eye  HospUalf  PkUaddphia. 


By  WILLIAM  F.  KORRIS,  M.D.,  and 

Professor  of  Ophthalmology  in  the  University  of 
Pennsylvania. 

In  one  very  handsome  octavo  Tolume  of  641  pages,  with  367  engravings  and  5  colored  plates.     Cloth, 
$5.00 ;  leather,  $6.00. 


This  is  a  work  which  the  student,  as  well  as  the  oculist, 
may  well  place  amon^  his  standard  authorities  to  which 
he  instinctively  turns  Tor  reference.  It  is  one  of  the  most 
carefully  prepared  text-books  on  the  eye  which  modem 
times,  so  fertile  in  good  text-books,  have  brought  to  light. 
It  bears  evidence  of  carefhl  and  conscientious  investigation, 
of  ereat  practical  experience  and  keen  observation  oy  the 
authors.  While  thoroughly  scientific  and  comprehensive, 
the  elementary  knowleage  necessary  for  a  student  is  not 
neglected.— 2%«  Pittsburg  Medical  Revteto. 

The  appearance  of  Norris  and  Oliver's  text-book  has  been 
looked  forward  to  with  great  interest  by  all  those  who, 
through  their  familiarity  with  the  scientific  and  literary 
work  of  its  authors,  were  best  qualified  to  Judge  of  their 
especial  fitness  for  the  task  they  nad  undertaken,  and  it  is 
high  praise  to  be  able  to  say  that  the  completed  work  does 
not  in  any  respect  fall  short  of  the  standard  which  it  was 
expected  to  reach.  We  take  pleasure  in  commending  the 
"  Text-book  "  to  students  and  practitioners  as  a  safe  and 
admirable  guide,  well  qualified  to  fUmish  them,  as  the 
authors  intended  it  should,  with  "  a  working  knowledge  of 
ophthalmology,"— «7(0/m«  Hopkins  Hospital  BitUetin, 

This,  the  first  text-book  of^ diseases  of  the  eye  written  by 
American  authors  for  American  colleges  and  students,  has 


Just  reached  us.  Every  method  of  ocular  precision  that 
can  be  of  any  clinical  advantayee  to  the  every-day  student 
and  the  scientific  observer  is  onered  to  the  reader.  Rules 
and  procedures  for  the  ordinary  methods  of  examination 
of  the  external  appearances  of  the  eye,  for  ophthalmoscopy, 
and  for  the  application  of  the  fUndus-refiex  tests,  are  made 
so  plain  and  so  evident,  even  to  the  most  careless  reader, 
that  any  student  can  easily  understand  and  employ  them. 
It  is  practical  in  its  teachings  In  treatment  it  can  be  ac- 
cepted as  from  the  voice  and  the  pen  of  a  respected  and 
recognized  authority.  The  illustrations  far  outnumber 
those  of  its  contemporaries,  whilst  the  high  grade  and  un- 
biased opinions  of  the  teachings  serve  to  give  it  a  rank 
superior  to  any  would-be  competitor.  Wonderfully  cheap 
in  price,  beautlftilly  printed  and  exquisitely  illustrated, 
the  mechanical  make-up  of  the  book  is  all  that  can  be  de- 
sired. After  a  most  conscientious  and  painstaking  perusal 
of  the  work,  we  unreservedly  endoree  it  as  the  best,  the 
safest  and  the  most  comprehensive  volume  upon  the  sub- 
ject that  has  ever  been  offered  to  the  American  medical 
Sublic.  We  sincerely  hope  that  it  may  find  its  way  into  the 
St  of  text-books  of  every  English-speaking  college  of 
medicine.— ilnno^s  qf  Ophthalmology  and  Otology. 


Berry  on  the  Eye. — Second  Edition. 

Diseases  of  the  Eye.    A  Practical  Treatise  for  Students  of  Ophthalmolog;y.     By  Geobge  A. 

Berbt,  M.B.)  F.R.C.S.,  Ed.,  Ophthalmic  Surgeon,  Edinburgh  Boyal  Infirmary.     New  (second)  edition. 

In  one  octavo  volume  of  750  pages,  with  197  illustrations,  mostly  lithographic     Cloth,  $8.00. 

This  is  by  far  the  best  work  upon  its  theme  in  the  English  |  perfect,  and  each  Illustration  is  an  "  object  lesson."  We 
language  that  we  have  seen,  for  the  diction  is  pure  and  clear,  nave  had  great  pleasure  in  the  perusal  of  this  work,  and 
ana,  bendes,  the  beautiful  illustrations  of  normal  and  dis- '  great  profit,  and  we  consider  it  the  best  on  the  subject  in  tiie 
eased  conditions  make  it  a  valuable  addition  to  the  library  ,  jSnglish  language  to-day,  not  only  for  its  diction  but  for  its  in- 
of  all  practitioners,  general  as  well  as  special.  We  have  RtTuctiyeillustrsitions.— 7h^  American  Journal  qf  the  Medical 
never  seen  more  realdeXineatlon  of  disease,  the  coloring  is  I  Sciences. 

Juler's  Ophthalmic  Science  &  Practice. — Second  Edition. 

A  Handbook  of  Ophtihabnic  Science  and  Practice.     By  Henbt  E.  Juler,  F.K.C.S., 

Ophthalmic  Surgeon  to  St  Mary's  Hospital,  Smqgeon  to  the  Boyal  Westminster  Ophthalmic  Hospital, 

London.     New  (second)  edition,  revised  and  enlarged.     In  one  handsome  octavo  volmne  of  562  pages, 

with  201  engravings,  17  colored  plates,  test-types  and  color  blindness  test.     Cloth,  $5.50 ;  leather,  $6.50. 

The  continnoos  approval  manifested  toward  this  work 
testifies  to  the  success  with  which  the  author  has  produced 
concise  descriptions  and  typical  illustrations  of  all  the  im- 


portant affections  of  the  eye.  The  volume  is  particularly 
rich  in  matter  of  practical  value,  such  as  directions  for 
diagnosing,  iise  of  instruments,  testing  for  glasses,  for  color 
blindness,  etc.    The  sections  devoted  to  treatment  are  sin- 


gularly Aill,  and  at  the  same  time  concise,  and  couched  in 
language  that  cannot  fail  to  be  understood.  This  edition 
likewise  embodies  such  revisions  and  changes  as  were 
necessary  to  render  it  thoroughly  representative,  and 
moreover  it  has  been  enriched  by  the  adaltion  of  100  pages 
and  75  engravings.  All  told,  there  are  201  engravings,  excln- 
siveof  17  handsomely  colored.— 7%c  Medical  Age. 


Nettleship  on  the  Eye. — Fifth  Edition. 

Diseases  of  the  Eye.  By  Edward  Nettleship,  F.R.C.S.,  Ophthalmic  Surgeon  at  St. 
Thomas'  Hospital,  London.  Sargeon  to  the  Royal  London  (Moorfields)  Ophthalmic  Hospital.  Fourth 
American  from  the  fifth  English  ^tion,  thoroughly  revised.  With  a  Supplement  on  the  Detection  of 
Color  Blindness,  by  William  Thomson,  M.D.,  Professor  of  Ophthalmology  in  the  Jefferson  Medical 
College,  Philadelphia.  In  one  12mo.  volume  of  500  pages,  with  164  illustrations,  selections  from 
Snellen's  test-types  and  formulse,  and  a  colored  plate.    Cloth,  $2.00. 

color-blindness  tests  and  a  collection  of  formulse.   It  is  safe 


Four  large  American  editions  testify  to  the  fact  that  it  is 
a  fiivorite  text-book  in  American  colleges  as  well  as  tx)  the 
extent  of  its  use  amonx  practitioners  in  general  and  special 
branches.  Its  pomdanty  as  a  reference-book  is  due  to  the 
practical  nature  of  its  text  and  to  the  inclusion  of  test-types, 


to  predict  that  with  the  extended  scope  noted  in  its  title, 

•       ly *  ' 

with  all  classes  of  readers.— Pac(/tc  Medical  Journal. 


\^ 


this  handy  volume  will  become  more  than  ever  a  favorite 


Eye,  Ear,  Throat  and  Nose,  cioth,  $1.00.  see^bden^'  Quu  iSbries,  page  30. 
Carter  &  Frost's  Ophthalmic  Surgery. 

Ophthalmic  Surgery.  ByK.  Bbudenell  Carter,  F.R.C.S.,  Lecturer  on  Ophthalmic  Surgery 
at  St.  Ge^ree*8  Hospital,  London,  and  W.  Adams  Frost,  F.R.C.S.,  Joint  Lect.  on  Oph.  Surgery  at  St. 
Qeorge^s  Hospital,  London.  In  one  12mo.  volume  of  559  pages,  with  91  woodcuts,  color-blindness  test, 
test-types  and  dots,  and  appendix  of  formulse.     Cloth,  $2.2o.     See  Series  (f  Clinical  Manuals,  p.  30. 


WELLS  ON  THE  EYE.    In  one  octavo  volume. 

LAW90N  ON  INJURIES  TO  THE  EYE,  ORBIT  AND 
EYELIDS :  Their  Immediate  and  Remote  EflRects.  Octavo 
of  401  pages,  with  92  lllustratlonB.    Cloth,  $3.50. 


LAURENCE  AND  MOON'S  HANDY  BOOK  OP  OPH- 
THALMIC SURGERY,  for  the  use  of  Practitioners.  Second 
edition.  In  one  octavo  volume  of  227  pages,  with  65  illus- 
trations.   Cloth,  82.75. 
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22  OTOLOGY   AND    LARYNOOLOOY. 

Politzer  on  Diseases  of  the  Ear. — New  Edition. 

A  Text-Book  of  Difleases  of  the  Ear  and  Adjacent  Organs.  By  Db.  Adam  Folttzeb, 
Imperial-Royal  Professor  of  Aural  Therapeutics  in  the  University  of  Vienna,  Chief  of  the  Imperial- 
Royal  University  Clinic  for  Diseases  of  the  Ear  in  the  General  Hospital,  Vienna.  Translated  into 
English  from  the  third  and  revised  German  edition,  by  Oscar  Dodd,  M.  D.,  Clinical  Instructor  in  Diseases 
of  the  Eye  and  Ear,  College  of  Physicians  and  Surgeons,  Chicago.  Edited  by  Sm  William  DajuBY, 
F.R.C.S.,  M.B.,  Consulting  Aural  Suigeon  to  St.  George^  Hospital,  London.  In  one  large  octavo 
volume  of  748  pages,  with  330  original  illustrations.     Cloth,  $5.50. 


This  edition  of  the  eminent  Vienna  professor's  vrell- 
known  work  will  be  welcomed  by  thoee  who  wish  to  obtain 
a  complete  account  of  all  ttiat  is  known  in  connection  with 
aural  diseases.  Whoever  jpenues  it  careiully  cannot  Hail 
to  be  struck  with  the  details,  the  extensive  references,  and 
especially  the  valuable  pathological  data,  which  underlie 
the  clinical  remarks  and  details  of  methods  of  treatment. 
The  anatomy  and  physiology  of  each  part  of  the  organ  of 
hearing  are  carefully  conttdered,  and  then  follows  an 
enumeration  of  the  diseases  to  which  that  special  pcut  of 
the  auditory  apparatus  is  especially  Uable.    The  indica- 


tions for  treatment  are  clear  and  reliable.  We  can  con- 
fidently recommend  it,  for  it  contains,  as  stated  l^  the 
editor  m  his  preface,  all  that  is  known  upon  tiie  subject— 
London  LanoBU 

The  Vienna  master  always  imi»e88eB  his  students  with 
the  broad  catholicity  of  his  views  and  his  combination  of 
unceasing  aggressive  advance  with  sound  oonseTvatism 
of  Judgment  So  it  is  to  be  expected  that  this  work,  laigely 
rewritten,  should  be  a  safe  and  elaborate  guide  into  evexy 
part  of  otology.— American  Journal  oS  the  Medieai  Sdeneea. 


Burnett  on  the  Ear. — ^Second  Edition. 

The  Ear;    Its  Anatomy,  Phyidology  and  Diseases.    A  Practical  Treatise  for  the  Use  of 

Medical  Students  and  Practitioners.     By  Charles  H.  Burnett,  A.M.,  M.D.,  Professor  of  Otology  in 

the  Philadelphia  Polyclinic ;   President  of  the  American  Otoloffical  Society.     Second  edition.     In  one 

handsome  octavo  volume  of  580  pages,  with  107  illustrations.     Cloth,  |4.00 ;  leather,  $5.00. 

We  are  very  glad,  after  many  years'  use  of  the  first,  to 
welcome  the  second  edition  of  thus  excellent  text-book  to 
our  shelves.  The  first  188  pages  are  devoted  to  a  lucid  ac- 
count of  the  anatomy,  histology  and  physiology  of  this 


most  complex  organ.    The  cuts  which  accompany  this  part 
of  the  work  will  prove  of  much  use  to  the  student.   The 


second  part  of  the  work  consists  of  a  clear  and  terae  account 
of  the  diseases  of  the  ear  and  their  treatment.  In  the 
latter  department  the  rules  laid  down  are  eminently  prao^ 
tical.  We  can  cordially  commend  the  book  to  aU  who 
wish  a  text-book  on  the  ear.— ^eio  Orleane  Medieai  and 
Surgical  JoumaL 


Field's  Manual  of  Diseases  of  the  Ear. 

A  MaJinal  of  Diseases  of  the  Ear.  By  George  P.  Field,  M.B.C.S.,  Aural  Soigeon  and 
Lecturer  on  Aural  Surgery  in  St.  Mary's  Hospital  Medical  School,  London.  Fourth  edition.  In  one 
octavo  volume  of  391  pages,  with  73  engravings  and  21  colored  plates.     Cloth,  $3.75. 

To  those  who  desire  a  concise  work  on  diseases  of  the  ear,  i  by  every  general  practitioner  to  enable  him  to  treat  fntelli- 
clear  and  practical,  this  manual  commends  itself  in  the  '  gently  the  lAtge  class  of  cases  of  ear  disease  that  comes 
highest  degree.  It  is  as  far  removed  as  well  may  be  trom  properly  within  his  province.  The  illustmtions  are  apt  and 
the  character  of  a  compilation,  every  page  giving  evidence  weu  executed  while  tiie  make-up  of  the  work  is  beyond 
that  the  author  writes  from  his  own  careful  observation  and  criticism.— TTte  American  PracUtUmer  and  News. 
thoughtful  experience.    It  is  just  such  a  worlc  as  is  needed 

Browne  on  the  Throat  and  Nose. — Fourth  Edition. 

The  Throat  and  Nose  and  Their  Diseases.    By  Lennox  Browne,  F.RCS.,  E.,  Senior 
Physician  to  the  Central  London  Throat  and  Ear  Hospital.     Fourth  and  enlai^ged  edition.     Imperial 
octavo,  751  pages,  with  120  illustrations  in  color,  and  235  engravings  on  wood.     Cloth,  $6.50. 
It  £b  needless  to  say  that  it  Is  brought  up  to  date  in  the  t  The  mibject  is  here  exhaustively  treated  cm  lines  of  thoroogb 


JViUest  possible  sense  of  the  ierm.-^Medicai  Beeord. 

It  is  a  book  that  no  specialist  can  afford  not  to  have,  and 
that  the  g:eneral  physician  can  rely  upon  as  a  safe  guide  and 
practical  adviser.— TA^  Medical  Newt. 

Ijennox  Browne  would  doubtless  with  grieat  unanimity 
be  allowed  the  leading  place  amonsr  ear  and  throat  si>eclal- 
Ists.  Of  great  learning,  great  ability  and  vast  experience, 
he  has  here  given  the  ripe  fruit  of  long  and  earnest  labors. 


acquaintance  with  the  anatomy,  ttie  physiology  and 
physics  of  the  organs  involved  and  Uie  path^ogy  of  the 
disease  to  which  they  are  subject.  To  the  author  we  have 
awarded  the  credit  of  having  added  to  a  thorough  under- 
standing of  the  diseases  with  which  he  deals  the  dioioe  of 
the  best  treatment  afforded  by  the  present  state  of  knowl- 
edge.—2V  American  PracUHoner  and  NewB. 


Seiler  on  the  Throat  and  Nose. — Fourth  Edition. 

A  Handbook  of  Diagnosis  and  Treatment  of  Diseases  of  the  Throat.  Nose  and 
Naso-Pharynx.  By  Carl  Seilkb,  M.D.,  Lecturer  on  Laryngoscopy  in  the  University  of  rennsylTania. 
Fourth  edition.  In  one  handsome  12mo.  volume  of  414  pages,  with  107  illustrations  and  2  colored  plates. 
Cloth,  $2.25. 

This  little  book  is  emlnentlv  pmctical,  and  will  prove  of ,  little  practice,  soon  become  expert  in  the  use  of  ^e  laiyn- 
interest  not  only  to  the  specialist,  but  to  the  general  prac-  j  geal  mirror,  a  method  of  examination  too  often  neglected, 
titioner  as  well.  It  deals  with  the  subjects  in  a  clear  and  The  anatomy  of  the  larynx  is  explained  with  especud  care, 
distinct  manner,  and  the  text  is  copiously  illustrated  with  i  and  the  operative  procedures  for  various  disMses  of  the 
diagrams  and  colored  plates.  So  little  attention  is  paid  throat,  tonsils,  etc.,  are  careililly  explained.  Approved 
ordinarily  to  the  examination  of  tlie  larynx  that  the  need  I  methods  of  treatment  are  deidt  with  in  a  very  satisractoxr 
of  such  a  book  has  long  been  felt.  By  consulting  its  pages  ;  way,  and  all  the  most  useftil  remedial  agents  are  described, 
anyone  can  learn  the  necessary  manipulations,  and,  by  a   —intertuUional  Medical  MagaMne. 

Mackenzie  on  the  Nose  and  Throat.— Preparing, 

The  Diseases  of  the  Nose  and  Throat.  By  John  Nolai7j>  Mackenzie,  M.D.,  Lecturer  on 
Laryngology  in  the  Medical  School  of  the  Johns  Hopkins  University,  Clinical  Professor  of  Diseases  of 
the  Throat  and  Nose  in  the  University  of  Maryland,  Baltimore.  In  one  handsome  octavo  volume 
of  about  6(^0  pages,  with  numerous  illustrations. 

Diseases  of  the  Eye,  Ear,  Throat  and  Nose. 

Cloth,  $1.00.     See  Stiideni^  Quiz  Senes,  page  30. 

BROWNE  ON   KOCH'S  REMEDY  IN  RELATION  TO  I  pa«es,  with  45  illustrations,  4  of  which  are  colored,  and  17 
THROAT  CONSUMPTION.    In  one  octavo  volume  of  121 1  charts.    Cloth,  n.50. 

Lea  Brothers  &  Co.,  Publishers,  706,  708  &  710  Sansom  Street  Philadelphia, 
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Roberts  on  Urinary  and  Renal  Diseases. — Fourth  Edition. 

A  Practical  Treatise  on  Urinary  and  Benal  Diseases,  inclndinc^  Urinary  Deposits. 
By  Sib  William  Roberts,  M.D.,  Lecturer  on  Medicixie  in  the  Manchester  School  of  Medicme,  etc. 


Fourth  American  from  the  fourth  London  edition. 
81  illnstrations.     Ooth,  $3.50. 

It  may  be  said  to  be  the  beet  book  in  print  on  the  subtect 
of  which  it  treats.— 7^  American  Journal  <tf  the  Medical 
Sciences. 

The  TtecnUar  value  and  finish  of  the  book  are  in  a  meafiore 
deriyea  ftom  its  resolute  maintenance  of  a  clinical  and 
practical  character.  It  is  an  unriyalled  exposition  of  every- 


In  one  handsome  octavo  volume  of  609  pages,  with 

thing  which  relates  directly  or  indirectly  to  the  diagnosis, 
prognoslB  and  treatment  of  urinary  discmses.  and  possesses 
a  completeness  not  found  elsewhere  in  our  language  in  its 
account  of  the  different  affections.— 77^e  Manchester  Medical 
Chronicle. 


Purdy  on 


's  Disease  and  Allied  Affections. 


Briffht's  Disease  and  Allied  Affections  of  the  Kidneys.  B^  Charles  W.  Purdy, 
M.D.,  Professor  of  Genito-Urinarj  and  Renal  Diseases  in  the  Chicago  Polyclinic.  In  one  octavo  volume 
of  288  pages,  with  illustrations.     Cloth,  $2.00. 


The  object  of  this  work  is  to  "  ftimish  a  systematic,  prac- 
tical and  concise  description  of  the  pathology  and  treat- 
ment of  the  chief  organic  diseases  of  the  kidney  associated 
wiUi  albuminuria,  which  shall  represent  the  most  recent 
advances  in  our  knowledge  on  these  subjects ; ''  and  this 
definition  of  the  object  is  a  fair' description  of  the  book. 
The  work  is  a  useflil  one,  giving  in  a  short  space  the  theo- 


ries, facts  and  treatments,  and  gcAna  more  flilly  into  their 
later  developments.  On  treatment  the  writer  is  particularly 
strong,  steenng  clear  of  generalities,  and  seldom  omitting, 
what  tezt-booKS  usually  do,  the  unimportant  items  whioi 
are  all  important  to  the  general  •pravcmUmtr.—The  Manches- 
ter  Medical  Chronicle. 


Blaclc  on  the  Urine.   Just  Ready. 

The  Urine  in  Health  and  Disease,  and  Urinary  Analysis,  Physiologically  and  Patho- 
logically Oonsidered.  By  D.  Campbell  Black,  M.D.,  L.K.C.S.,  Professor  of  Physiology,  Ander- 
son College  Medical  School.     In  one  12mo.  volume  of  256  pages,  with  73  engravings.     Cloth,  |2.75. 

Morris  on  Surgical  Diseases  of  the  Kidney. 

Surgical  Diseases  of  the  Kidney.  By  Henry  Morris,  F.B.C.S.,  Surgeon  to  the  Middlesex 
Hospital,  London.'  12mo.  554  pages,  with  40  wo<)dcutB,  and  6  colored  plates.  Limp  cloth,  $2.25.  See 
Series  cf  Clinical  Manuals^  page  30.    ^_ 

The  American  System  of  Dentistry. 

In  Treatises  by  Various  Authors.  Edited  by  Wilbur  F.  Litch,  M.D.,  D.D.S.,  Professor 
of  Prosthetic  Dentistry,  Materia  Medica  and  Therapeutics  in  the  Pennsprlvania  College  of  Dental 
Surgery.  In  three  very  handsome  octavo  volumes  containing  3160  pages,  with  1863  illustrations  and  9 
full-page  plates.  Per  volume,  cloth,  $6.00;  leather,  $7.00;  half  Mx>roooo,  gilt  top,  $8.00.  For  tale  by 
subscription  only. 


As  an  encyclopGedia  of  Dentistry  it  haB  no  superior.  It 
should  form  a  part  of  every  dentist's  library,  as  the  infor- 
mation it  contams  is  of  the  greatest  value  to  all  engaged  in 
the  practice  of  dentistry.— ^m«rican  Journal  qf  Dental  Sci- 
ence. 

A  gmnd  system,  hig  enough  and  good  enough  and  hand- 


some enough  to  mark  an  epoch  in  the  history  of  dentistry. 
Dentists  vml  be  satisfied  with  it  and  proud  of  it—they 
must.  It  is  sure  to  be  precisely  what  the  student  needs  to 
put  him  and  keep  him  in  the  right  track,  while  the  pro- 
lession  at  large  will  receive  incalculable  benefit  from  U.~ 
Odonloffraphie  JoumaL 


The  American  Text-Boolcs  of  Dentistry. — Preparing. 

In  Contributions  by  Various  Authors.  In  two  octavo  volumes  of  ahout  600  pages  each, 
fully  illustrated.  Volume  I.,  Operativk  Dentistry.  Edited  by  Edwabd  C.  Kibk,  D.D.S.,  Lecturer 
on  Operative  Dentistry  in  the  Department  of  Dentistry,  University  of  Pennsylvania.  Volume  XL. 
Mechanical  Dentistby.  Edited  by  Chables  J.  EasiG,  M.D.,  D.D.S.,  Professor  of  Mechanical 
Dentistry  and  Metallurgy  in  the  Department  of  Dentistry,  University  of  Pennsylvania,  Philadelphia. 

Coleman's  Dental  Surgery. —American  Edition. 

A  Manual  of  Dental  Surgery  and  Pathology.    By  Alfbed  Coleman,  L.RC.P.,  F.R.C.S.. 

Exam.  L.D.S.,  Senior  Dental  Surgeon  and  Lecturer  on  Dental  Surgery  at  St  Bartholomew's  Hospital 

and  the  Dental  Hospital,  London.     Thoroughly  revised  and  adapted  to  the  use  of  American  Students,  by 

Thomas  C.  Stellwaoen,  M.A.,  M.D.,  D.D.S.,  Professor  of  JPhysiologjr  in  the  Philadelphia  Dental 

College.     In  one  handsome  octavo  volume  of  412  pages,  with  331  illustrations.     Cloth,  $3.25. 

It  should  be  in  the  posBefsion  of  every  practitioner  in   such  a  work.    If  the  money  put  into  some  of  our  ao-caUed 
thisoountiy.    The  part  aevoted  to  first  and  second  dentition 
and  irregularities  in  the  permanent  teeth  is  ftiUy  worth  the 
price.  In  fact,  price  should  not  be  considered  in  purchasing 


standard  text-books  could  be  converted  into  such  publica- 
tions as  this,  much  good  would  Tesaii.— Southern  Dental 
Journal. 


BASHAM  on  renal  DISEASES:  A  Clinical  Guide  to 
their  Diagnosia  and  Treatment.  In  one  12mo.  volume  of 
804  pages,  with  21  Ulustrations.    Cloth,  $2.00. 

GROSS'  PRACTICAL  TREATISE  ON  THE  BLADDER, 
PROSTATE  GLAND  AND  URETHRA.  Third  edition,  thor- 
oughly  revised  by  Samuel  W.  Gboss,  M.D.  In  one  octavo 
volume  of  574  pages,  with  170  illustrations.    Cloth,  $4  50. 


THOMPSON  ON  THE  URINARY  ORGANS.  Second 
American  ftom  the  third  Eneliah  edition.  In  one  octavo 
volume  9f  203  pages,  with  25  illustrations.    Cloth,  ^2.25. 

THOMPSON  ON  STRICTURE  OF  THE  URETHRA  AND 
URINARY  FISTULiE.  From  the  third  EngUah  edition.  In 
one  octavo  volume  of  359  pages,  with  47  engravings  and 
3  plates.    Cloth,  S3.50. 


Lea  Brothers  &  Co,,  Publishers,  706,  708  &  710  Sansom  Street,  Philadelphia. 
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Taylor's  Clinical  Atlas  of  Venereal  and  Skin  Diseases. 

A  Olinical  Atlas  of  Venereal  and  Skin  Diseases:    Including  Diagnosis,  Prognosis  and 

Treatment  Bv  Kobebt  W.  Taylor,  A.M.,  MD.,  Clinical  Professor  of  Genito-Urinary  Diseases  in 
the  College  of  I^hysicians  and  Surseons,  New  York ;  Surgeon  to  the  Department  of  Venereal  and  Skin 
Diseases  of  the  New  York  Hospital ;  President  of  the  American  Dermatological  Association.  In  eight 
larse  folio  parts,  measuring  14  x  18  inches,  and  comprising  58  beautifully  colored  plates  with  213  figures, 
and  431  pages  of  text  with  85  engravings.  Price,  per  part,  $2.50.  Bound  in  one  volume,  half  Russia, 
$27.00 ;  halt  Turkey  Morocco,  $28.00.  For  sale  by  suhftcription  only.  Specimen  plat«s  sent  on  receipt  of 
10  cents.     A  full  prospectus  sent  to  any  addr6ss  on  application. 


It  would  be  hard  to  ase  words  which  would  perspicuously 
enough  convey  to  the  reader  the  great  value  of  this  CXituoal 
AUcu.  This  Atlas  is  more  complete  even  than  an  ordinary 
coune  of  clinical  lectures,  for  in  no  one  college  or  hospital 
course  is  it  at  all  probable  that  all  of  the  dUeases  herein 
represented  would  oe  seen.  It  is  also  more  serviceable  to 
the  majority  of  students  than  attendance  upon  clinical  lee- 
tares,  for  most  of  the  students  who  sit  on  remote  seats  in 
the  lecture  hall  cannot  see  the  subiect  as  well  as  the  office 
student  can  examine  these  true-to-llfe  chromo-lithographs. 


Comparing  the  text  to  a  lecturer,  It  is  more  satisfactory  in 
exacUiess  and  ftilneas  than  he  would  be  likely  to  be  in  lec- 
turing over  a  single  case.  Indeed,  this  AUqm  is  invaluable 
to  the  general  practitioner,  for  it  enables  the  eye  of  the 
^ysician  to  make  diagnosis  of  a  given  case  of  skin  mani- 
festation by  comparing  the  case  with  the  picture  In  the 
AUoM,  where  will  be  found  also  the  text  of  diagnosis,  path- 
ology, and  fhll  sections  on  treatment— Hr^mto  Medicai 
Monthly. 


Taylor  on  Venereal  Diseases. — Sixth  Edition.    In  Press. 

The  Pathology  and  Treatment  of  Venereal  Diseases.  Including  the  results  of  recent 
investigations  upon  the  subject.  By  Robert  W.  Taylor,  A.AL,  M.D^  Clinical  Professor  of  Genito- 
urinary Diseases  in  the  College  of  thysicians  and  Surgeons,  New  York,  Professor  of  Venereal  and  Skin 
Diseases  in  the  University  of  Vermont  Being  the  sixth  edition  of  Bumstead  and  Taylor.  Entirely 
rewritten  by  Dr.  Taylor.  Large  octavo  volume,  about  900  pageet,  with  about  150  engravings,  as  well  as 
numerous  cnromo-lithograplis.     In  active  prefxtration. 

Fuller  on  Male  Sexual  Disorders. — Ready  Shortly. 

Disorders  of  the  Sexual  Organs  in  the  Male.  By  Eugene  Fuller,  M.D.,  Instructor  In 
Venereal  and  Genito-Urinary  Diseases,  New  York  Post-Graduate  Medical  School.  In  one  very  handsome 
octavo  volume  of  about  200  pages,  fully  illustrated. 

Cross  on  Impotence,  Sterility,  etc. — Fourth  Edition. 

A  Practical  Treatise  on  Impotence,  Sterility,  and  Allied  Disorders  of  the  Male 
Sexual  Organs.  By  Samuel  W.  Gro&s,  A.M.,  M.D.,  LLD.,  Professor  of  the  Principles  of  Surgery 
and  of  Clinical  Surgery  in  the  Jefferson  Medical  College  of  Philadelphia.  Fourth  edition,  thoroughly 
revised  by  F.  R.  Sturgis,  M.D.,  Professor  of  Diseases  of  the  Genito-Urinary  Ch^gans  and  of  Venereal 
Diseases,  New  York  Post-Graduate  Medical  School.  In  one  octavo  volume  of  165  pages,  with  18  illustra- 
tions.    Cloth,  11.50.  

Culver  &  Hayden's  Manual  of  Venereal  Diseases. 

A  Manual  of  Venereal  Diseases.  By  Everett  M.  Culver,  M.D.,  Pathologist  and  Assistant 
Attending  Surgeon,  Manhattan  Hospital,  New  York,  and  James  R  Hayden,  M.D.,  Chief  of  Clinic, 
Venereal  Department,  Coll^^  of  Physicianfa  and  Surgeons,  New  York.  In  one  12mo.  volume  of  289 
pages,  with  33  illustrations.     Cloth,  (1.75. 


This  book  is  a  practical  treatise,  presentinsr  in  a  con- 
densed form  the  essential  features  of  our  present  knowledge 
of  the  three  venereal  diseases,  svphilis,  chancroid  and  gon- 
orrhea. We  have  examined  this  work  careAilly  and  have 
come  to  the  conclusion  that  it  is  the  most  concise,  direct 
and  able  treatise  that  has  appeared  on  the  subject  of  vene- 


real diseases  for  the  general  practitioner  to  adopt  as  a  guide. 

ner 

B,  ii 

in  question  and  their  direAil  results.— l^i^^bto  Medical  and 


The  general  practitioner  needs  a  few  simple,  concise  and 
clearly  presented  laws,  in  the  execution  of  which  he  can- 


IS 


not  fall  either  to  cure  or  prevent  the  ravages  of  the  maladies 


Surgical  Journal. 


Oenito-Urinary  and  Venereal  Diseases. 

Cloth,  11.00.     See  StudenU^  Quiz  Series,  page  30. 

Cornil  on  Syphilis. 

Ssrpliilis.  its  Morbid  Anatomy,  Diagnosis  and  Treatment.  By  V.  Cornil,  Professor  to 
the  Faculty  of  Medicine  of  Paris,  and  Physician  to  the  Lourcine  Hospital.  Spedally  revised  by  the 
Author,  and  translated  with  notes  and  additions  by  J.  Henry  C.  Simbb,  M.D.,  Demonstrator  of  Patho- 
logical IHstology  in  the  University  of  Pennsylvania,  and  J.  William  White,  M.D.,  Lecturer  on 
Venereal  Diseases,  University  of  Pennsylvania.  In  one  handsome  octavo  volume  of  461  pages,  with 
84  very  beautifal  illustrations.     Cloth,  $3.75. 

Hutchinson  on  Syphilis. 

Ssrpbilis.  By  Jonathan  Hutchinson,  F.RS.,  F.RCS.,  Consulting  Surgeon  to  the  London 
Hospital.  In  one  12mo.  volume  of  542  pages,  with  8  chromo-lithographs.  Cloth,  $2.25.  See  Saies  of 
CUnicat  ManucdSf  page  30.  • 


HILL  ON  SYPHILIS  AND  LOCAL  CONTAGIOUS  DIS- 
ORDERS.   In  one  octavo  volume  of  479  pages.    Cloth,  93.25. 

LEE'S  LECTURES  ON  SYPHILIS  AND  SOME  FORMS 


OP  LOCAL  DISEASE  AFFECTING  THE  ORGANS  OP 
GENERATION.  Inoneoctavo  volume  of  246  pages.  Cloth, 
$2.25. 
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Hyde  on  the  Skin. — New  (3d)  Edition. 

A  Practical  Treatise  on  Diseases  of  &e  Skin.  For  the  use  of  Students  and  Practitioners. 
By  J.  Nevinb  Hyde,  A.M.,  M.D.,  ProfeBsor  of  Dermatology  and  Venereal  Diseaees  in  Rush  Medical 
GoUegCi  Chicago.  New  (8d)  edition.  In  one  octavo  volume  of  802  pages,  with  108  engravings  and  9 
full-page  plates,  3  of  which  are  colored.    Cloth,  f5.00 ;  leather,  $6.00. 

state  of  our  knowledge.— C%/eai;o  din.  Review,  April,  1894. 

The  volume  In  its  new  form  commends  Itself  more  than 
ever  to  those  re<miring  a  treatise  on  the  skin  well  up  to  the 
times.— JTaMco/  Eeeora, 

Dr.  Hyde's  book  may  be  heartily  commended  to  the  stu 


The  third  edition,  just  issued,  ftilflls  all  the  expectations 
warranted  by  the  great  accumulation  of  dermatologlcal 
material  since  the  earlier  editions  were  brought  out,  and 
puts  his  work  at  the  head  of  the  modem  American  treatises 
on  skin  diseases.  The  excellence  ci  the  chapters  on  treat- 
ment, together  with  the  care  that  has  been  bestowed  on 
subjects  that  have  acquired  new  interest,  make  the  book 
one  to  be  warmly  recommended.— Boston  Medieal  and  Sur- 
gicalJowmoL 

The  qualities  that  have  contributed  so  much  to  its  pre- 
vious popularity  stiU  remain.  The  chief  of  these  unques- 
tionably are  the  standpoint  of  practical  medicine  from 
which  ft  speaks  and  its  wealth  of  therapeutical  information. 
The  writer  knows  no  book  in  which  one  can  seek  more  sat- 
Isfisctorily  for  information  as  to  how  to  manage  his  patients 
with  sUn  diseases.  The  present  edition  may  be  commended 
as  being  an  exposition  or  the  sul^Ject  folly  up  to  the  present 


dent  and  practitioner  alike  as  one  of  the  best  exponents  of 
the  subject  now  before  the  profession.— T^  Amenean  Jour- 
nal  of  the  Medieai  Scienea. 

Dr.  Hyde  is  an  experienced  scholar  as  well  as  a  competent 
author,  and  his  former  editions  were  received  with  appro* 
val  by  dermatologists  as  well  as  by  those  general  practi- 
tioners who  are  interested  in  the  study  and  treatment  of 
diseases  of  the  skin.  The  treatise  is  one  that  affords  much 
satisfaction  in  that  it  is  a  safe  guide  for  both  students  and 

Sractitioners,  either  general  or  special,  and  jMirticularly 
oes  it  adapt  itself  to  the  use  of  dermatologists.— St^lfwb 
Medical  ana  Surgical  Jowmal. 


Jackson's  Ready-Reference  Handbook  of  Skin  Diseases. 

The  Seady-fiefiaience  Handbook  of  Diseases  of  the  Skin.  Bv  Geoboe  Thomas  Jackson, 
M.D.|  Professor  of  Dennatologv,  Woman's  Medical  College  of  the  New  York  Infirmary.  In  one  12mo. 
volimie  of  544  pages,  with  50  illustrations  and  a  colored  plate.    Cloth,  $2.75. 

dictionary  of  denuatological  nomenclatore.   After  a  short 


Intended  to  serve  as  a  reference  book  for  the  general 
practitioner,  "  no  attempt  has  been  made  to  discuss  debate- 
able  questions,"  and  "  hence  pathology  and  etioloey  do  not 
receive  as  ftill  consideration  as  symptomatology,  diagnosis 
and  treatment"  The  alphabetical  arrangement  of  disttues. 
so  universal  now  in  books  of  this  class,  nas  been  followed 

Sy  Dr.  Jackson,  and  he  has  inserted  so  many  synonyms  and 
ties  ftom  foreign  languages,  that  the  book  may  be  turned 
to  even  by  the  specialist  in  skin  diseases  as  a  convenient 


onanr 
and  condensed  account  of  the  anatomy  and  physiology  of 
the  skin,  the  author  presents  a  ibw  notes  of  common  and 
practical  importance  on  diagnosis  and  therapeutics,  which 
are  followed  by  his  wcdl-known  and  graphic  dermatologlcal 
"  Don'ts."  Part  n.  treats  in  alphabetical  order  of  the  dia- 
eases  of  the  skin  and  their  mansgement.  llils  book  seems 
to  us  the  best  of  its  class  that  has  yet  appeared.— Boston 
Medical  and  Swroieal  JoumaL 


Pye-5mitli  on  Diseases  of  the  Skin. 

A  Handbook  of  Diseases  of  the  Skin. 

Guy's  Hospital,  London.     12mo.,  407  pages,  with  26 

The  book  is  an  excellent  one.  and  we  commend  It  to  all 
interested  in  the  subject.  It  is  written  by  one  entirely 
familiar  with  skin  diseases,  both  ftom  the  stand-point  of  the 
specialist  and  the  general  practitioner.  It  is  written  in  an 
easy  and  attractive  style,  showing  familiarity  with  the 
whole  field  of  general  medicine  as  well  as  the  particular 
diseases  described,  which  is  in  striking  contrast  to  the  con- 


Bv  P.  H-  PYi>^BnTH,  M.D.,  F.RS.,  Physician  to 

illustrations,  18  of  .which  are  colored.     Cloth,  $2.00. 

tents  of  the  average  handbook,  ftom  which,  as  a  rule,  the 
reader  learns  but  little.  Dr.  Pye-Smith  is  favorably  known 
as  one  of  the  eminent  physicians  to  Guy's  Hospital,  and  we 
have  no  hesitation  in  saying  that  he  has  written  an  original 
and  valuable  handbook  of  skin  diseases,  sound  and  practical 
in  all  its  bearings.— Ja^emoMofioi  Med,  Magaaine. 


Morris  on  the  Skin. — ^Just  Ready. 

Diseases  of  the  Skin.  An  Outline  of  the  Principles  and  Practice  of  Dermatology.  By 
Malcolm  Morris,  F.B.C.S.,  Suiwson  to  the  Skin  Department,  St  Mary's  Hospital,  London.  In  one 
12mo.  volume  of  572  pages,  with  19  chromo-lithographic  figures  and  17  engravings.     Cloth,  $3.50. 

In  a  book  of  some  550  pages  the  author  has  succeeded  in 


Entirely  new  and  thoroughly  modem  in  all  its  teachings. 
It  is  compact,  essentially  clinical  and  practical  in  its  scope, 
and  the  reputation  of  the  author  and  his  vast  experience  as 
a  dermatologist  are  a  sufficient  guarantee  of  ^e  soundness 
of  his  views  There  are  nineteen  chromo-lithographlc  fig- 
ures  and  seventeen  engravings,  all  of  which  are  good,  and 
there  is  no  other  branch  of  medicine  in  which  Uiese  can  be 
used  to  better  advantage.  The  book  will  be  a  valuable  one  to 
both  students  and  practitioners.— Jfecf.  ForinighUyjKa. ,  1896. 


presenting  the  subject  of  his  work  in  a  comprehensive  and 
complete  manner.  The  details  of  diagnosis,  special  and 
general  symptoms,  individual  pathology  and,  finally,  SMCial 
treatment,  are  fall  in  their  discussion.  It  would  be  diiBcult 
to  conceive  of  a  more  desirable  presentation  of  dermatolc«7 
of  to-day.  The  well-selected  plates  add  to  the  value  of  the 
book.— Acu?  Orleant  Medical  and  Surgical  Journal^  March, 
1895. 


Hardaway's  Manual  of  Skin  Diseases. 

Ma.nna1  of  Skin  Diseases.    With  Special  Reference  to  Diagnosis  and  Treatment     For  the  Use 

of  Students  and  General  Practitioners.     By  W.  A.  Hardawat,  M.D.,  Professor  of  Skin  Diseases  in  the 

Missouri  Medical  College.     In  one  12mo.  volume  of  440  pages.    Cloth,  $3.00. 

Dr.  Hardaway's  large  experience  as  a  teacher  and  writer 
has  admirably  fitted  him  for  the  difficult  tssk  of  preparing 
a  book  which,  while  sufficiently  elementaiy  for  the  student, 
li  yet  sufficiently  thorough  and  comprehensive  to  serve  as  a 


book  of  reference  for  the  general  practitioner.    It  embraces 


all  essential  points  connected  with  the  diagnosis  and  treat- 
ment of  diseases  of  the  sUn,  and  we  have  no  hesitation  in 
commending  it  as  the  best  manual  that  has  yet  appeared  in 
this  department  of  medidna— Voumo^  qf  Cutaneoua  and 
CfeniUh  Urinary  Dtaeaea. 


Jamieson  on  Diseases  of  the  Skin.— Third  Edition. 

Diseases  of  the  Skin.  A  Manual  for  Students  and  Practitioners.  Bv  W.  Aixan  Jamizson. 
M.D.,  Lecturer  on  Disowes  of  the  Skin,  School  of  Medicine,  Edinhureh.  Third  edition,  revised  ana 
enlarged.    Octavo,  656  pages,  with  woodcut  and  9  double-page  chromo-litnographic  plates.    Cloth,  $6.00. 


The  scope  of  the  work  is  essentially  clinical,  little  refers  I  The  pages  are  filled  with  interest  to  all  those  occupied  with 
ence  being  made  to  pathology  or  disputed  theories.  Almost   skin  diseases.    The  general  practitioner  will  find  the  book 
every  subject  is  followed  by  illustrative  cases  taken  ftom 
the  author's  practice,  and  the  reader  is  constantly  reminded 


that  he  has  before  him  a  record  of  personal  experience. 


pi 
of  great  value  in  matters  of  aiaffnosLs  and  treatment    The 
latter  is  quite  up  to  date,  and  the  formulae  have  been 
sd  wit- 


selected  with  care.~Jre(Uca/  Record, 


Diseases  of  the  Skin,    aoth,  $1.00.    SeeSludmU^  Qmz  Series,  ^s^^- 


HILLIER'S  HANDBOOK  OF  SKIN  DISEABB8;  for 
Students  and  Practitioners.  Second  American  edition.  In 
one  12ma  volume  of  353  pages,  with  plates.    Cloth,  S2.25. 


WILSON'S  STUDENTS  BOOK  OP  CtJTANBOUS  MED- 
ICINE AND  DISEASES  OF  THE  SKIN.  In  one  handsome 
small  octavo  volume  of  535  pages.    Cloth,  SS.50. 
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THE    AMERICAN    SYSTEMS    OF 

Gynecology  and  Obstetrics 

IN  TREATISES  BY  VARIOUS  AUTHORS. 


Gynecology  edited  by 
MATTHEW  D.  MANN,  A.M.,  M.D., 


and 


Obetetrics  edited  by 
BABTON  (X)OKE  HIRST,  M.D., 


Profe»8or  of  ObaUtries  and  Oyneeolom  in  the  Medioad  Prqfeuor  of  OfuMricB  in  the  UmoenUy  of 

Department  of  the  University  of  Buffalo,  Peiviisylvama,  PhUaddphia. 

In  four  very  handsome  octavo  volumes,  containing  3612  pages,  1092  engravings  and  8  plates. 

Complete  work  now  ready.    Per  volume :  Cloth,  $5.00 ;  leather,  $o.(X) ;  half  Russia,  $7.00.     For  aaie  by 

miheeripUon  only,    Addren  the  Publishers,    Full  descriptive  circular  free  on  application. 

United  States,  the  character  of  the  soil,  the  manners  and 
cufitoxns  of  the  people,  etc.,  it  is  peculiarly  adapted  to  the 
wants  of  American  pnustitiosieEB  of  medi<nne,  and  it  seems 
to  us  that  every  one  of  them  would  desire  to  have  it" 
Erery  word  thus  enreesed  in  regard  to  the  "American 
System  of  Practical  Medicine  "  1b  applicable  to  the  "  Qvs- 
tem  of  Gynecology  by  American  AuthcRs."  It,  iike  the 
other,  has  been  wntten  exclusively  by  American  imysicians 
who  are  acquainted  with  all  the  chaiacteristlGS  of  American 
people,  who  are  well  informed  in  regard  to  the  pecuUaritiflB 
of  American  women,  their  manner^  customs,  modes  of  liv- 
ing, etc.  As  every  practising  physician  Is  called  upon  to 
treat  diBeaseB  of  lemslea  and  as  they  constitute  a  cIssb  to 
which  the  fiEunily  physician  must  give  attention,  and  can- 
not pass  over  to  a  specialist,  we  do  not  know  of  a  work  in 
any  depaxtment  or  medicine  that  we  should  so  stran^y 
recommend  medical  men  generally  to  purchase.— Cfaoa- 
noH  Medical  News, 


These  volumes  are  the  contributions  of  the  most  eminent 
raitlemen  of  this  country  in  these  departments  of  the  pro- 
leBBion.    Each  contributor  presents  a  monograi^  upon  his 

Social  topic,  so  that  everythlog  in  the  way  of  history, 
eory,  metiliods  and  results  is  presented  to  our  ftOlest  need. 
As  a  work  of  general  reference,  it  will  be  found  remarkably 
full  and  instructive  in  every  direction  of  inquiry.~7^ 
ObtteMe  QaxeUe. 

One  is  at  a  loss  to  know  what  to  say  of  this  volume,  for 
fear  that  Just  and  merited  praise  may  he  mistaken  for  flat- 
tery. The  papers  of  Drs.  Kngeliuanii,  Martin,  Hirst,  Jag- 
ganl  and  Reeve  are  incomparably  beyond  anything  that 
can  be  found  in  obstetrical  worlcs.— JbttnMiZ  of  the  American 
Medteal  Assoeiatton. 

In  our  notice  of  the  "System  of  Practical  Medicine  by 
American  Authors,"  we  made  the  following  statement :  "  It 
is  a  work  of  which  the  profesBlon  in  this  country  can  feel 
proud.  Written  exclusively  by  American  physicians  who 
are  acquainted  with  all  the  varieties  of  climate  in  the 


Emmet's  Qynsecology. — ^Third  Edition. 

The  Prindnles  and  Practice  of  Gyxuscoloiry;  For  the  use  of  Students  and  Practitioners 

of  Medicine.     B^  Thomas  Addis  Emmet.  M.D.,  LL.D.,  Surgeon  to  the  Woman's  Hospital,  New  York, 

etc     Third  edition,  thoroughly  revised.     In  one  laige  and  very  handsome  octavo  volume  of  880  pages, 

with  150  illustrations.     Qoth,  $5.00 ;  leather,  |6.00. 

We  sre  in  doubt  whether  to  congratulate  the  author  more 
than  the  profession  upmi  the  appearance  of  the  third  edi- 
tion of  this  well-known  work.  Embodying,  as  it  does,  the 
life-long  experience  of  one  who  has  oonsj^cuously  distin- 
gulBhed:  himself  as  a  bold  and  successfhl  operator,  and  who 
has  devoted  so  much  attention  to  the  specialty,  we  feel 


sure  the  profession  wUl  not  fail  to  appreciate  the  privllese 
thus  oflbred  than  of  perusing  the  views  and  practioe  of  the 
author.  His  earnestness  of  purpose  and  conscientiousneBS 
are  manifest.  He  gives  not  (mly  his  individual  experience 
but  endeavors  to  repreBent  the  actual  state  oi  gyniecological 
science  and  art.— JSritttA  Medical  Jowmal, 


Mr.  Tait  never  writes  anything  that  does  not  command 
attention  by  reason  of  the  originality  of  his  ideas  and  the 
dear  and  forcible  manner  in  which  they  are  expressed. 
This  is  eminently  true  of  the  present  work.  Qerms  of  truth 
are  Ithickly  scattered  throughout ;  single  happily  worded 
sentences  express  what  another  author  would  have  ex- 


QyneCOlOgy.    Cloth,  $1.00.    See  Studeme  Qui*  Series,  page  30. 

Tait's  Diseases  of  Women  and  Abdominal  Surgery. 

Diseases  of  Women  and  Abdominal  Surgery.    By  Lawson  Tait,  F.R.C.S.,  Professor  of 

Ghmecology  in  Queen's  College.  Birmingham,  late  President  of  the  British  Gynecological  Society,  Fellow 

of  the  American  Gvnecological  Society.     In  two  octavo  volumes.     Volume  I.,  554  pages,  62  engravings 

and  3  plates.     Cloth,  $3.00.     Volume  II. ,  preparing. 

Innovations  on  lonr-established  rules— these  succeed  one 
another  with  a  bewildering  rapidity.  His  position  has  long 
been  assured ;  it  is  hardly  possible  for  mm  to  add  to  his 
great  reputation  as  a  daring  and  original  surgeon.  Few 
reformers  have  ever  enjoyeu  the  present  reward  of  thdr 
labors  in  such  AiU  measure  as  he.  We  cannot  repress  our 
panded  into  pages.  Useftd  hints  on  the  technique  of  sur-  admiration  for  the  restless  genius  of  the  great  surgeon.— 
gical  operations,  ingenious  theories  on  pathology,  daring   American  Journal  qf  the  Medical  Sciences. 

Edis  on  Diseases  of  Women. 

The  Diseases  of  Women.  Including  their  Pathology,  Causation,  Symptoms,  Diagnosis  and 
Treatment  'A  Manual  for  Students  and  Practitioners.  Bv  Abthub  W.  Edis,  M.D.,  Loud.,  F.R.CP., 
M.R.C.S.,  Assistant  Obstetric  Physician  to  Middlesex  Hospital,  late  Physician  to  British  Lying-in- 
Hospital     In  one  octavo  volume  of  576  pages,  with  148  illustrations.    Clotn,  $3.00 ;  leather,  $4.00. 

Duncan  on  Diseases  of  Women. 

Olinical  Lectures  on  the  Diseases  of  Women;  Delivered  in  St  Bartholomew's  Hospital, 
By  J.  Matthews  Dukcai^,  M.D.,  LL.D.,  F.B.S.E.,  etc  In  one  octavo  volume  of  175  pages.  Cloth. 
$1.50. 


HODGE  ON  DISEASES  OF  WOMEN.  Second  edition. 
Octavo,  519  psges,  with  original  illustrations.    Cloth,  $1.50. 

WEST  ON  THE  DISEASES  OF  WOMEN.  Third  edi- 
tion.   Octavo,  513  pa^es.    Cloth,  13.75 ;  leather,  $1.75. 


ASHWELL'S  PRACTICAL  TKBATISB  ON  THE  DIS- 
EASES PECULIAR  TO  WOMEN.  Third  American  ftom 
the  third  and  revised  London  editicm.  In  one  octavo  vol- 
ume of  530  pages.    Cloth,  $3.30. 


Lea  Brothers  A  Co.,  Pubf/shers,  706,  708  A  710  Stuisom  Street  Philadelphia, 
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Thomas  &  Munde  on  Diseases  of  Women. — Sixth  Edition. 


A  Practical  Treatise  o;i  the  Diseases  of  Women.    By  T.  Gaillabd  Thomas,  M.D.,  LL.D.. 

Emeritus  ProfeBSor  of  Diseases  of  Women  in  the  College  of  Physicians  and  Surgeons,  New  York^  ana 

Paul  F.  Munde,  M.D.,  Professor  of  GynecologT^  in  the  New  York  Polyclinic.     New  (sixth)  edition, 

thoroughly  reyised  and  rewritten  by  Dr.  Munde. 

pages,  with  347  illustrations,  of  which  201  are  new. 

The  profession  has  sadly  felt  the  want  of  a  text-book  on 
diseases  of  women,  which  should  be  comprehenslye  and  at 
the  same  time  not  diAise,  systematically  arranged  so  as  to 


be  easily  grasped  by  the  student  of  limited  experience,  and 
which  should  embnu»  tiie  wonderftil  adyances  which  have 
been  made  within  the  last  two  decades.  Thomas'  work 
ftilfllled  Uiese  conditions,  and  the  announcement  that  a  new 
edition  was  about  to  be  issued,  revised  bv  so  competent  a 
writer  as  Dr.  Mundft,  was  hailed  with  delight  Dr.  Mund6 
brings  to  his  work  a  most  practical  knowledge  of  the  sub- 
jects of  which  he  treats  and  an  exceptional  acquaintance 
with  the  world's  literature  of  this  important  branch  of 
medicine.  The  result  is  what  is,  perhaps,  on  the  whole,  the 
best  practical  treatise  on  the  subject  in  the  English  lan- 
guage. The  original  work  is  preserved  as  a  basis,  but  am- 
plified and  enriched  with  the  results  of  modem  research. 
Much  has  been  interspersed  with  the  old  material  and  sev- 
eral new  chapters  added.  It  is,  as  we  have  said,  the  best 
text-book  we  know,  and  will  be  of  especial  value  to  the 


In  one  large  and  handsome  octavo  volume  of  824 
Cloth,  15.00;  leather,  $6.00. 

general  practitioner  as  well  as  to  the  specialist.  The  illus- 
nations  are  very  satisfeuTtory.  Many  of  them  are  new  and 
are  particularly  clear  and  attractive.  The  book  wUl  un- 
doubtedly meet  with  a  &vorable  reception  from  the  profes* 
Aon.— Boston  Medical  and  Surgical  Journal. 

This  work,  which  has  alr^v  gone  through  five  large 
editions,  and  has  been  translated  into  French,  German, 
Spanish  and  Italian,  is  too  well  known  to  require  com- 
mendation now  upon  the  appearance  of  this,  the  sixth  edi- 
tion. It  has  been  thoroughly  revised  and  brought  up  to 
date  by  Dr.  Mund6,  who  is  announced  as  Joint  author. 
Many  new  illustrations  have  been  added,  and  the  text  has 
been  increased  by  the  addition  of  new  chapters.  The  dis- 
tinctive features  of  the  work,  which  made  it  so  attractive 
when  first  issued,  have  in  a  measure  been  retained,  so  that 
it  continues  to  be  the  most  practical  and  at  the  same  time 
the  most  complete  treatise  upon  the  subject  in  print,  the 
changes  that  have  been  made  only  increasing  its  value.— 
The  Arehivet  qf  Gynecology,  ObstetriC8  and  Pediatrics. 


Sutton  on  Tumors,  Innocent  and  Malignant. 


Tnznors,  Izmocent  and  Malignant.    Their  Clinical  Features  and  Appropriate  Treatment     By 

J.  Bland  Sutton,  F.It.C.S.,  Assistant  Surgeon  to  the  Middlesex  Hospital,  London.    In  one  yery  hana- 

some  octayo  volume  of  526  pages,  with  260  engrayings  and  9  full  page  plates.     Cloth,  $4.50. 

work  deals  exhaustively  with  tumors  it  will  ftimlsh  the 
surgeon,  gynecologist  and  general  practitioner  with  indis- 


The  author  is  widely  known  as  one  of  the  foremost  sur^ 
geons  and  pathologists  of  London.  His  ability  in  gathering 
great  masses  of  relevant  facts  from  various  sources,  and  in 
marshalling  them  for  the  induction  of  scientific  principles 
and  laws,  has  already  been  recognized  in  his  earlier  works. 
In  the  present  instance  he  has  spent  many  years  of  research 
upon  a  subject  embracing  some  of  the  commonest,  most 
painfril  and  hitherto  hopeless  of  human  affections.    As  this 


pensable  aid  in  the  early  recognition  and  sncoesBftil  treat- 
ment of  this  class  of  disease.— 27^  Omaha  CUnic. 

The  book  Is  eminently  satisfisictory  for  the  student,  the 
general  practitioner  and  the  specialist  It  is  not  merely  a 
work  upon  pathology,  but  has  u>  do  with  the  practioal  sur- 
gical treatment  of  tMmon.—IntemaUonal  Medical  Magazine 


BY  THE  SAME  AUTHOR. 


Surgical  Diseases  of  the  Qyaries  and  Fallopian  Tubes  Jnduding  Tubal  Pregnancy. 

By  J.  Bland  Sutton,  F.RCS.,  Assistant  Surgeon  to  the  Middlesex  Hospital.  London.     In  one  square 

octayo  yolume  of  544  pages,  with  119  engrayings  and  5  colored  plates.     Cloth,  ^.00. 

This  is  not  a  book  to  be  read  and  then  shelved :  it  is  one  them  alone :  the  general  practitioner  needs  lust  such  a 

to  be  studied.    It  is  not  based  upon  hypotheses  but  upon  book.    It  will  be  of  immense  service  to  him  in  the  study  of 

fisusts.    It  makes  pathology  practical,  and  inculcates  a  prao-  pelvic  diseases,  and  will  assuredly  open  his  eyes  to  the  pro- 

tiee  based  upon  pathology.    It  is  succinct,  yet  Uiorougfa ;  gress  made  by  conscientious,  painstaking  workers  like  Dr. 

isprob-  Sutton  in  the  field  of  pathology  and  diflerential  diagnosis. 

not  for  —International  Mediccu  Maganne. 


tiee  based  upon  pathology.  It  is  succinct,  yet  thorc 
practical,  vet  scientific ;  conservative,  yet  bold.  It  is 
ably  on  the  table  of  all  gynecologists;  but  It  is  nc 


Davenport's  Non-Surgical  Gynecology, — Second  Edition. 

Diseases  of  Women :  a  Ma.nua1  of  Non-Surgical  Gynecology.  Designed  esj^ecially  for  the 
Use  of  Students  and  General  Practitioners.  Bj  Francis  H.  Davenport,  M.D.,  Assistant  in  Gynecology 
in  the  Medical  Department  of  Harvard  University,  Boston.  Second  edition.  In  one  handsome  12ma 
volume  of  314  pages,  with  107  illustrations.     Cloth,  $1.75. 


The  first  edition  of  Dr.  Davenport's  book,  which  was  pub- 
lished three  yean  ago,  evidently  met  with  the  reception  it 
deserved,  or  the  second  &litipn  would  not  have  followed  so 
soon.  The  title  Is  an  attractive  one,  and  the  contents  are 
of  value  to  the  student  and  general  practitioner.  One  ad- 
vantage of  It  is  that  it  teaches  the  physician  or  the  student 
how  to  do  the  little  thincs,  or  to  remedy  the  minor  evils  in 
connection  with  gynecology.  In  these  days,  when  major 
ffynecolqgy  is  so  largely  practised,  minor  gynecology  is  too 
flriequently  ignored.  To  those  in  the  profession  who  are 
about  to  interest  tiiemselves  particularly  in  this  branch  of 
surgery,  and  to  the  student  who  In  the  Aiture  intends  to 


make  gynecology  his  life-work,  we  believe  that  Davenport's 
book  will  be  essential  to  his  success,  because  it  will  teach 
him  facts  which  laiger  works  sometimes  ignore.— 77^  Ther- 
apeutic Oazette. 

Many  valuable  volumes  already  exist  on  the  surgical 
aspects  of  gynecology,  but  scant  attention  has  been  paid 
in  recent  years  to  the  non-surgical  treatment  of  women's 
diseases.  The  present  volume,  dealing  with  nothing  which 
has  not  stood  the  actual  test  of  experience,  and  being  con- 
cisely and  clearly  written,  conveys  a  ^^eat  amount  oilnfoi^ 
mation  in  a  convenient  space.— ^nnoZs  qf  Qynxcology  and 
Psediatry. 


May's  Manual  of  Diseases  of  Women. — Second  Edition. 

A  'MTyt^m^l  of  the  Diseases  of  Women.  Being  a  Concise  and  Systematic  exposition  of  the 
Theory  and  Practice  of  Gynecology.  By  Charles  H.  May,  M.D.,  late  House  Surgeon  to  Mount  Sinai 
Hospital,  New  York.  Second  edition,  edited  hy  L.  S.  Kau,  M.D.,  Attending  Gynecologist  at  the 
Harlem  Hospital,  New  York.     In  one  12mo.  volume  of  360  pages,  with  31  illustrations.     Cloth,  $1.75. 


The  classification  is  so  clear  that  the  purpose  of  enabling 
the  student  to  review  the  subject,  or  the  practitioner  rapidly 
to  xeftesh  his  memory,  is  admirably  mlflUed.  Taking  as 
authority  some  of  the  best  systematic  writers,  and  giving 
In  the  main  an  opinion  which  is  a  consensus,  there  is  an 


absence  of  personal  bias  which  is  not  the  lesst  valuable 
point  in  the  work.  The  book  meets  Its  purpose.  Whole 
chapters  have  been  written  in  other  works  without  express- 
log  more  ideas  than  do  pages  in  thia.—American  Journal  qf 
the  Medical  Sciences. 
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OBSTETRICS. 


NEW  (8th)  edition. 

PLAYFAIR^S  MIDWIFERY. 

A  Treatise  on  the  Science  and  Practice  of  Midwifery.    67  W.  S.  Platfaib,  M.D., 

F.RC.P.i  Professor  of  Obstetric  Medicine  in  King's  Coll^flpe,  London.     Sixth  American  from  the  eighth 

English  edition.     Edited,  with  additions,  hy  Robert  P.  Harris,  M.D.     In  one  yery  handsome  octavo 

volume,  of  697  pages,  with  217  engravings  and  5  plates.   Cloth,  $400 ;  leather,  |5.00. 

authoxides  aa  the 
JoumaL 


ThiB  work  has  long  occupied  a  prominent  position  both 
as  a  text-book  and  book  of  reference  in  this  country  cmd  in 
England.  Numerous  students  have  gleaned  valuable  sug- 
gesiions  ttom  its  pages,  and  its  practical  character  and  the 
author's  ability  Tor  clear  and  concise  writing  are  well- 
known.  Takinff  a  broad  view  of  the  work,  it  must  cer- 
tainly be  termea  an  admirable  book.— 37^  American  Jour- 
nal cf  Obttelriei. 

This  well-known  treatise  has  been  either  a  text-book  or 
work  of  reference  in  most  medical  achodto  for  the  past 
seventeen  yean,  and  in  the  numerous  editions  which  have 
appeared  It  has  been  kept  constantly  in  the  foremost  rank 
01  the  books  which  have  been  written  on  this  subject,  and 
is  a  work  which  can  be  conscientiously  recommended  to 
the  profession.— TV  Albany  Medical  AnnaU. 

Since  1877  Flayfair  has  been  accepted  as  authority  in  the 
department  of  obstetrics.  When  his  flrst  edition  was  issued 
it  was  found  to  be  such  a  clear  exposition  of  the  subject 
ttiat  Playfair's  treatise  was  readily  adopted  bv  our  colleges 
as  a  text-book.  Students  therefore  became  famjliar  with 
it  at  once,  and  obstetricians  have  followed  it  through  its  sev- 
eral editions  with  interest  and  satisfaction.  This  work  of 
Playfkir  must  occupy  a  foremost  place  in  obstetric  medicine 
as  a  safe  guide  to  both  student  and  obstetrician.   It  holds  a 


place  among  the  ablest  Boglish-speaking  ax 
obstetric  axU— Buffalo  Medical  aaCA  Surgical , 

The  author's  object  has  been  to  place  in  the  hands  of  his 
readers  an  epitome  of  the  science  and  {ffactice  of  midwiferr. 
which  embodies  all  recent  advances,  and  especially  to  dwell 
on  the  practical  part  of  the  soltlect,  so  as  to  make  his  book 
a  reliable  guide  to  the  doctor  in  the  practice  of  this  most 
important  and  reqxmsible  branch  of  medicine.  The  de- 
mand for  this  eis'hth  edition  of  the  work  testifies  to  the 
success  with  which  the  author  has  executed  his  purpose. 
—TV  Medical  ForMphtly. 

Plavfkir  is  every wnexe  recognized  as  a  standard  teacher. 
— Rtaunond  Journal  <tf  PraMcc 

Dr.  Harris,  whose  international  reputation  eminently  fits 
him  for  the  work  he  has  undertaken,  has  unstintedlv  de- 
voted the  fhiits  of  his  long  and  comprehenrive  experience 
to  thepresent  revision  of  Dr.  Playfatr  s  Midwifery. 
his  eflorts  the  enviable  good  name  of  ^e  oook  is 
talned  and  the  work  made  to  conform  to  the  latest  accepted 
views  of  the  American  profession.  The  eminently  sopeiior 
merit  of  Dr.  Harris's  revision  of  the  excellent  Bngliah  work 
must  commend  It  to  all  ixogressive  obstetri<»l  men. — 
DtUver^  Medical  Magattine. 


Parvi n *s  Science  and  Art  of  Obstetrics.— New  (3d)  Ed .   In  Press. 

The  Science  and  Art  of  ObstetricB.  By  Thsophh^us  Parvik,  M.D.,  LL.D.,  Professor  of 
Obstetrics  and  the  IMs^iaes  of  Women  and  Children  in  Jefferson  Medical  College,  Philadelphia.  New 
(3d)  Edition.  In  one  very  handsome  octavo  volume  of  about  725  pages,  with  about  250  ttngravinga,  and 
several  colored  plates.  

King's  Manual  of  Obstetrics. — New  (6th)  Edition.    In  Press. 

A  T^ffyt^n^l  of  Obstetrics.  By  A.  F.  A.  King,  M.D.,  Professor  of  Obstetrics  and  Diseases  of 
Women  in  the  Medical  Deoartment  of  the  Columbian  University,  Washington,  D.C,  and  in  the 
University  of  Vermont,  etc  New  (6th)  edition.  In  one  12mo.  volume  of  about  450  pages,  with  about 
175  illustrations. 

A  notice  of  the  previous  edition  is  appended. 

So  comivehensive  a  treatise  could  not  be  brought  within 
the  limitB  of  a  book  of  tills  size  were  not  two  things  espe- 
cially true.    YinA,  Dr.  King  is  a  teacher  of  many  jrears'  ex- 


perience, and  knows  Just  how  to  present  his  subiects  in  a 
manner  for  them  to  be  best  received ;  and,  secondly,  he  can 
put  his  ideas  in  a  clear  and  concise  form.  He  give  us  the 
plain  truth.  Therefore  we  say  there  are  900  pages  of  matter 
oetween  the  covers  of  this  manual  of  four  hundred  and 
fifty  pages.  We  cannot  imagine  a  better  manual  for  the 
hard' worked  student,  while  its  clear  and  practical  teach- 
ings make  it  invaluable  to  the  busy  practitioner.   The  illus- 


trations add  much  to  the  subject  matter.— TV  IkUUmal 
Medical  Review. 

This  deservedly  popular  manual  has  rapidly  passed 
through  five  editions  since  its  first  appearance  ten  years 
ago.  It  is  essentially  a  book  for  students'  use,  and  is  one 
of  the  very  best  of  its  kind.  Its  scope  in  topics  is  particu- 
larly wide,  and,  though  each  topic  is  necessarilv  treated  in 
a  brief  manner,  it  forms  an  excellent  index,  so  to  speak,  to 
the  complete  study  of  obstetrics.— TTto  Odeago  Medical 
Recorder. 


Davis'  Obstetrics. — Preparing. 

A  Treatise  on  Obstetrics.  For  Students  and  Practitioners.  By  Edwa&d  P.  Davis, 
A.M.,  M.D  ,  Professor  of  Obstetrics  and  Diseases  of  Infancy  in  the  Philadelphia  Polyclinic,  Clinical  Pro- 
fessor of  Obstetrics  in  the  Jefferson  Medical  College  of  Fhiladelphia.  In  out  very  handsome  octavo 
volume  of  500  pages,  richly  illustrated. 

Barnes'  System  of  Obstetric  Medicine  and  Surgery. 

A  System  of  Obstetric  Medicine  and  Surgery,  Theoretical  and  Clinical.    For  the 

Student  and  the  Practitioner.  By  Robert  Bab^tes,  M.D.,  Physician  to  the  General  Lyin^in  Hospital, 
London,  and  Fancourt  Barnes,  M.D.,  Obstetric  Physician  to  St  Thomas'  Hospital,  London.  The 
Section  on  Embryology  by  Professor  Milnes  Marshall.  In  one  octavo  volume  of  872  pages  with  231 
illustrations.    Cloth,  $5.00;  leather,  $6.00. 

01>StetriCS.     Cloth,  $1.00.     See  StuderUi^  Quiz  Series^  page  30. 

Landis  on  Labor  and  the  Lying-in  Period. 

The  Management  of  Labor,  and  of  the  Lyinjr-in  Period.    By  BEenby  G.  Laxbib,  A.M., 

M.D.,  Professor  of  Obstetrics  and  the  Diseases  of  Women  in  Starling  Medical  College,  Oolombas,  Ohio. 
In  one  handsome  12mo.  volume  of  334  pa^es,  with  28  illustrations.     Cloth,  $1.75. 


WINCKEL'S  COMPLETE  TREATISE  ON  THE  PATH- 
OLOGY AND  TREATMENT  OF  CHILDBED.  For  Stu- 
dents and  Practitioners.    Translated  ttom  the  second  Ger- 


man edition,  by  J.  R.  Chadwigk,  M.D.   In  one  octavo  vol 
ume  of  484  pages.    Cloth,  $4.00. 


Lea  Brother$  A  Co.,  Publishers,  706,  708  A  710  Stinsom  Street,  MiikuMphia. 


DISEASES  OF  CHILDREN,  OBSTETRICS— {Continued),  MANUALS.      29 
Smith  on  Diseases  of  Children. — Seventh  Edition. 

and  Ohildhood.  B^  J.  Le^os  Smith,  M.D., 
Bellevue  Hospital  Medical  College,  New  York. 
In  one  handsome  octavo  volume  of  8ol  pages,  with 

all  the  recent  advances  that  have  heen  made.  Many  dis- 
eases not  prevloufily  treated  of  have  xeoeiyed  special  chap- 
ters. The  work  is  a  very  practical  one.  EBpecial  care  has 
been  taken  Uiat  the  dixections  for  treatment  shall  be  par- 
ticular and  ftill.  In  no  other  work  are  such  carefhl  instruc* 
tions  given  in  the  details  of  infknt  hygiene  and  the  artificial 
feeding  of  infants.— ifontreoZ  Medical  Journal, 

Already  in  previous  editions  the  treatise  of  Dr.  Smith  on 
Diseases  of  Children  held  position  undisputed  at  the  head 
of  its  class.  No  book  in  any  language  could  dinnite  with 
it  the  title  to  preSminenoe.  A  list  or  works  on  diseases  of 
children,  made  up  in  any  country,  would  have  this  work  at 
its  head,  and  for  the  puiposes  of  the  great  majority  of  prac- 
titioners the  list  would  be  conmlete  with  this  one  alone.— 
The  American  PratiUHoner  and  Neut. 

As  a  text-book  for  students  and  a  guide  for  young  practi- 
tioners it  is  unsurpassed.— ^mtToto  MediooA  and  Surgical 
Journal. 


A  Treatise  on  the  Diseases  of  Infjaiicy 

Clinical   Professor  of  Diseases  of  Children  in  the 
Seventh  edition,  thoroughly  revised  and  rewritten. 
51  illustrations.     Cloth,  $4.50;  leather,  $5.50. 

We  have  always  considered  Dr.  Smith's  book  as  one  of 
the  very  best  on  the  subject.  It  has  always  been  prac- 
tical—a field  book,  theoretical  where  theory  has  been  de- 
duced from  practical  experience.  He  takes  his  theory 
firom  the  bedside  and  the  pathological  laboratory.  The 
very  practical  character  of  this  book  has  always  appealed 
to  us.  It  is  characteristic  of  Dr.  Smith  in  all  his  wrlcmgs  to 
collect  whatever  recommendations  are  found  in  medical 
Utemture,  and  his  search  has  been  wide.  One  seldom  fails 
to  find  here  a  practical  suggestion  after  search  in  other 
works  has  been  in  vain.  In  the  seventh  edition  we  note  a 
variety  of  changes  in  accordance  with  the  progress  of  the 
times.  It  still  stands  foremost  as  the  American  text-book. 
Its  advice  is  always  conservative  and  thorough,  and  the 
evidence  of  research  has  long  sinoeplaced  its  author  in  the 
front  rank  of  medical  teachers.— Tvkc  American  Journal  qf 
the  Medical  Sciences. 

In  the  present  edition  we  notice  that  many  of  the  chap- 
ters have  u&esi  entirely  rewritten.    Foil  notice  is  taken  of 


Diseases  of  Children,  cioth,  $1.00.  see /Sstud^w  ^is  5m»,  page  so. 


Herman's  First  Lines  in  Midwifery. 

First  Lines  in  Midwife^ :  a  Guide  to  Attendance  on  Natural  Labor  for  Iffedical 
Students  and  Midwives.  By  G.  £^nest  Herman,  M.B.,  F.B.C.P.,  Obstetric  Physician  to  the 
London  Hospital  In  one  12mo.  volume  of  198  pages,  with  80  illustrations.  Cloth,  $1.25.  See  Student^ 
Series  <if  Manwak,  page  30. 


This  little  book  is  intended  for  the  use  of  midwives  and 
for  the  ffuidanoe  of  medical  students  in  tiie  care  of  normal 
cases.  The  author  is  the  well-known  lecturer  on  obstetrics 
to  the  London  Hospital,  and  he  has  produced  a  manual 
which  will  prove  exbemely  useAil  to  those  for  whom  it  has 
been  prepared.   The  book  is  replete  with  practical  advice, 


and  no  student  can  go  wrong  who  follows  its  teachings. 
Much  stress  has  been  laid  on  the  now  generally  approved 
aseptic  management  of  labor ;  and  it  is  clearly  pointed  out 
in  what  complications  the  student  should  send  for  assist- 
ance. The  book  is  well  made  and  flilly  illustrated.— 2%e 
Boston  Medical  and  Surgical  Journal. 


Owen  on  Surgical  Diseases  of  Children. 

Surgical  Diseases  of  Ohildren.  By  Edmund  Owen,  M.  B.  ,  F.  B.  C.  S. ,  Suiveon  to  the  Children' s 
Hospital,  Great  Ormond  Street,  London.  In  one  12mo.  volume  of  525  pages,  with  4  chromo-Iithographic 
plates  and  85  woodcuts.     Cloth,  $2.00.     See  Series  of  Clinical  Manualsj  page  30. 


It  would  not  be  easy  on  any  subject  to  find  a  more  clearly 
written  work,  where  every  word  and  sentence  tells,  and 
from  which  it  seems  few  could  be  spared.  The  work  is 
truly  a  conspectus  of  the  branch  of  which  it  treats,  and 


covers  the  field  in  a  way  that  is  done  by  no  other,  present- 
ing  the  gist  of  what  is  known  of  every  suxglcal  aifectlon  to 
which  childhood  and  infancy  are  liable.— 27to  American 
PraeUHoner  and  Newt. 


Hartshorne's  Conspectus  of  the  Medical  Sciences. 

A  Oonspectus  of  the  Medical  Sciences;  Containing  Handbooks  on  Anatomy.  Physiologyi 
Chemistry,  Materia  Medica,  Practice  of  Medicine,  Sureery  and  Obstetrics.  By  Henbt  Hartshorke, 
A.M.,  M.D.,  LL.D.,  lately  Professor  of  Hygiene  in  the  University  of  Pennsylvania.  Second  edition, 
thoroughly  revised  and  greatly  improved.  In  one  large  royal  12mo.  volume  of  1028  pages,  with  477 
illustrations.     Cloth,  $425 ;  leather,  $5.00. 

Ludlow's  Manual  of  Examinations. 

A  Mft^^ftl  of  Examinations  upon  Anatomy,  Physiology,  Surgery,  Practice  of  Medicine. 
•Obstetrics,  Materia  Medica,  Chemistry,  Pharmacy  and  Therapeutics.  To  which  is  added  a  Medical 
Formtdary.  By  J.  L.  Ludlow,  M.D.,  Consulting  Physician  to  the  Philadelphia  Hospital,  etc.  Third 
•edition,  thoroughly  revised,  and  greatly  enlarged.  In  one  12mo.  volume  of  816  pages,  with  370  illus- 
trations.    Cloth,  $3.25;  leather,  13.75. 


CONDIE'8  PRACTICAL  TREATISE  ON  THE  DISEASES.! 
OF  CHILDREN.     Sixth  edition,  revised  and  augmented. 
In  one  octavo  volume  of  779  pages.    Cloth,  $6.25 ;  leather, 
$6.25. 

LEISHMAN'S  SYSTEM  OF  MIDWIFERY,  INCLUDINQ 
THE  DISEASES  OF  PREGNANCY  AND  THE  PUERPE- 
RAL STATE.    Fourth  edition.    Octavo. 

WEST  ON  SOME  DISORDERS  OF  THE  NERVOUS  SYS- 
TEM IN  CHILDHOOD.  In  one  small  12mo.  volume  of  127 
pages.    Cloth,  $1.00. 

PARRY  ON  EXTRA-UTERINE  PREGNANCY :  Ita  Clin- 
ical History,  Diagnosis,  Prognosis  and  Treatment.  Octavo, 
272  pages.    Cloth,  $2.50. 

RAMSBOTHAM'S    PRINCIPLES   AND   PRACTICE  OF 


OBSTETRIC  MEDICINE  AND  SURGERY.  In  Reference  to 
the  Process  of  Parturition.  A  new  and  enlarged  edition, 
thoroughly  revised  by  the  author.  With  additions  by  W.  V. 
Keating,  M.D.,  Professor  of  Obstetrics,  etc..  in  the  Jc^QTerson 
Medical  Coll^  of  Philadelphia.  In  one  large  and  hand- 
some imp^aioctavo  volume  of  640  pages,  with  64  flill-page 
plates  and  4.3  woodcuts  in  the  text,  containing  in  all  neariT 
200  beautiilil  figures.  Strongly  bound  in  leather,  with 
raised  bands,  $7. 

CHURCHILL  ON  THE  PUERPERAL  FEVER  AND 
OTHER  DISEASES  PECULIAR  TO  WOMEN.  In  one  oc- 
tavo volume  of  461  pages.    Cloth,  $2.50. 


TANNER  ON  PREGNANCY, 
plates,  16  cuts.    Cloth,  $4.25. 


Octavo,  490  pages,  colored 
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30  QUIZ   SERIES.  MANUALS 

The  Students'  Quiz  Series. 

ANEW  Series  of  Manuals,  oomprising  all  departments  of  medical  science  and  practice,  and  pre- 
pared to  meet  the  needs  of  stuaents  and  practitioners.  Written  by  prominent  medical  teachers  and 
specialists  in  New  York,  these  volumes  may  m  trusted  as  authoritative  and  abreast  of  the  day.  They 
enjoy  the  unique  advantage  of  issue  under  careful  editorial  supervision  which  gives  assuranoe,  not  only 
of  accuracy,  but  of  the  completeneas  of  the  Series  as  a  whole,  and  of  the  compactness  of  each  volume  by 
the  avoidance  of  duplication.  Cast  in  the  form  of  suggestive  questions,  and  concise  and  dear  answers, 
the  text  ¥rill  impress  vividly  upon  the  reader's  memory  the  salient  points  of  his  subject,  and  the  prominent 
and  uniform  headings  will  facilitate  instant  reference  to  anv  topic.  To  the  student  these  volumes  wiU  be 
of  the  utmost  service  in  preparing  for  examinations,  and  they  will  also  be  of  great  use  to  the  practitioner 
in  recalling  forgotten  details,  and  in  gaining  the  latest  knowledge,  whether  in  theory  or  in  the  actual 
treatment  of  dis^ise.  Nothing  has  been  left  undone  to  make  them  in  type  and  illustration  most  attractive 
and  convenient  for  the  eye  and  mind.  Handsomely  bound  in  limp  cloth,  and  in  size  suitable  for  the 
hand  and  pocket,  these  volumes  are  assured  of  enormous  popularity,  and  are  accordingly  placed  at  an 
exceedingly  low  price  in  comparison  with  their  value.     For  details  of  subjects  and  prices  see  below. 

ANATOMY  {DoubU  Numher}—Bj  Fred  J.  Brockway,  M.D.,  Assistant  Demonstrator  of  Anatomy,  College  of  Phy- 
sicians and  Surgeons,  New  York,  and  A.  O'Malley,  M.D.,  Instructor  in  Surgery,  New  York  Polyclinic.    tLlo. 

PHYSIO  LO Q  Y— By  F.  A.  Manning,  M.D.,  Attending  Surgeon,  Manhattan  Hospital;  N.  Y.    91. 

CHEMISTRY  AND  PHYSICS— By  Joseph  Struthers,  Ph.  B.,  ColmnbU  CoUege  School  of  Ifines,  N.Y..  and 
D.  W.  Ward,  Ph.  B.,  Columbia  College  School  of  Mhies,  N.  Y.,  and  Charles  H.  WiiuiAaTH,  M.8.,  N.  Y.   $1. 

HISTOLOGY,  PATHOLOGY  AND  B  A  GTE  RIO  LOG  Y-By  Bennett  S.  Beach,  M.D.,  Lecturer  on 
Histology,  Pathology  and  Bacteriology,  New  York  Polyclinic.    91. 

MATERIA  MEDICA  AND  THERAPEUTICS-By  L. F.Warner,  M.D.,  Attending  Physician,  St  Barthol- 
omew s  Dispensary,  N.Y.    $1. 

PRACTICE  OP  MEDICINE.  INCLUDING  NERVOUS  DISEASES-By  Edwin  T.  Doubledat, 
M.D.,  Member  N.  Y.  Pathological  Society,  and  J.  D.  Nagel,  M.D.,  Member  N.  Y.  County  Medical  Association,    fl. 

SURGERY  {Double  Number)~-Bj  Bern  B.  Qallaudet,  M.D.,  Visiting  Surgeon,  Bellevue  Hospital,  New  York,  and 
Charles  Dixon  Jones,  M.D.,  Surgeon  Yorkville  Dispensary,  New  York.    ^.75. 

GENITO-URINARY  AND  VENEREAL  DISEASES-By  Charles  H.  Chetwood,  M.D.,  Visiting  Sur- 
geon, Demilt  Dispensary,  Department  of  Suigery  and  Genito-Urinary  Diseases,  New  York.    $1. 

DISEASES  OF  THE  SKIN— By  Charles  C.  Ransom,  M.D.,  Assistant  Dermatologist,  Vanderbilt  Clinic. 
New  York.    $1. 

DISEASES  OF  THE  EYE.  EAR,  THROAT  AND  NOSE-By  Frank  E.  Miller,  M.D., Throat  Sur- 
geon, Vanderbilt  Clinic,  New  York,  ana  James  P.  Mc£\'oy,  M.D.,  Throat  Surffeon,  Bellevue  Hospital,  Out-PatleDt 
Depnxtment,  New  York,  and  J.  £.  Weeks,  M.D.,  Lecturer  on  Ophthalmology  and  Otology,  BeUevoe  Hospital  Medical 
College.    New  York.    il. 

OBSTETRICS— By  Charles  W.  Hayt,  M.D.,  House  Physician,  Nursery  and  Child's  Hospital,  New  York.    tL 

GYNECOLOGY— By  Q.  W.  Bratenahl,  M.D.,  Assistant  in  Gynecology,  Vanderbilt  Clinic,  New  York,  and 
Sinclair  Tousey,  M.D.,  Assistant  Surgeon,  Out-Patient  Department,  Roosevelt  Hospital,  New  York.    fl. 

DISEASES  OF  CHILDREN— By  C.  A.  Rhodes,  M.D.,  Instructor  in  Diseases  of  Children,  New  York  Post- 
Graduate  Medical  College,    fl. 

For  speeial  cireular8f  withfuU  ir^ormation  and  specimen  pagesy  address  the  PubUshet^ 

The  Student's  Quiz  Series  enables  a  man  in  practice  to   lessen  his  labors  by  presenting  to  him  his  subject  in  a  brief 


and  classified  manner.— Oincmnoti  Hedtcal  JonmaL 
Those  who  desire  to  review  the  salient  points  of  medicine 


give  himself  an  occasional  quiz  and  see  how  much  he 
has  forgotten.   It  is  intended,  however,  more  particularly 

for  the  use  of  the  student,  not  only  to  snow  how  much  he  can  do  so  by  means  of  these  books  in  the  shortest  possible 
hajB  yet  to  learn,  but  to  make  its  accomplishment  easier;  to  <  time.  The  form  of  question  and  answer  crvstallueB  the 
enable  him  to  give  his  whole  attention  to  lectures  on  these  i  information  they  contain.— Brool:<yn  Medieal  JtmmaL 
subjects  without  note-taking,  and  to  go  over  in  a  condensed  Such  books  serve  a  useftil  purpose,  not  only  to  the  student 
form,  before  an  examination  or  quiz,  the  essential  facts  per-  {  preparing  for  examination  but  to  the  practiaoner,  in  recall- 
taining  to  the  special  branch.— ifedt«a<  Record.  ing  the  more  salient  characteristics  oi  the  affections  under 

This  series  of  Quiz-Oompenda  is  undoubtedly  Uie  best  that  I  consideration.— Journal  qf  Ouianeous  cmA   Oeiuio-Drinary 
in  published.    Tney  will  repay  the  practitioner  as  well  as  i  Diseases. 

the  student  for  the  time  spent  in  a  carelbl  study  of  Hiem,  I     We  know  of  no  series  that  we  would  recommend  more 
while  to  the  lecturer  or  author  they  will  very  materially  .  highly.— Memphis  Medical  MorUhly. 

Student's  Series  of  Manuals. 

A  Series  of  Fifteen  Manuals,  for  the  use  of  Students  and  Practitioners  of  Medicine  and  Surgerv,  written  bv  eminent 
Teachers  or  Examiners,  and  issued  in  pocket-size  12mo  volumes  of  300-540  pages,  richly  illustratea  and  at  a  low  price. 
The  following  volumes  are  now  ready:  Luff's  Manual  qf  Qiemistry,  $2. :  Herman's  J^rst  Lines  in  Midwifery.  11.25; 
Treves'  Manual  of  Surgery,  by  various 'writers,  in  three  vcuumes,  per  set,  96 ;  Bell's  Comparative  Anatomy  and  Physi- 
ology^ $2 ;  Gould's  Suraical  Diagnosis,  92 ;  Robertson's  Physiological  Physics,  92 ;  Brucb's  Materua  Medica  and  T%era- 
peutics  {fitth  edition),  $1.50;  Power's  Human  Physiology  (second  edition),  $1.50;  Clarke  and  Lockwood's  Disaector's 
Afanuo/,  31.50;  Rw.fe' a  Clinical  Chemistry,  ilJyi^;  Treviss' surgical  Applied  Anatomy,^;  Pepper's  Surgical  Paihoiogy, 
12;  and  Kleix's  Elements  qf  Histology  (fourth  edition),  81.75.  The  follO"wing  is  preparing :  Pepper's  Forensic  Mediane. 
For  separate  notices  see  index  on  last  page.  


Series  of  Clinical  Manuals. 

In  arranging  for  this  Series  it  has  been  the  design  of  the  publishers  to  provide  the  profession  with  a  collection  of 
authoritative  monc^aphs  on  important  clinical  subiects  in  a  cheap  and  portable  fonn.  The  volumes  contain  about  550 
pages  and  are  freely  illustrated  bv  chromo-lithograpns  and  woodcuts.  Tne  following  volumes  are  now  ready :  Ball  on 
the  Rectum  and  Anus,  second  edition,  S2.25;  Yeo  on  Fbod  in  Health  a-nd  Disease,  f^l;  Broadbent  on  the  PuUe.  $1.75; 
Carter  &  Frost's  Ophthalmic  Surgery,  ^.25 ;  Hutchinson  on  SypfiUis,  S2.25 ;  Marsh  on  the  Joints,  82;  Owen  on  Surgical 
Diseases  of  Children,  §2 ;  MoRRis  on  Surgical  Diseases  of  the  Kidney,  $2.25 ;  Pick  on  Fractures  and  DidooaUons,  t2 ;  Butlin 
on  the  Tongue,  ^i.50 ;  Treves  on  Intestinal  Obstruction,  $2 ;  and  Savage  on  Insanity  and  Allied  Neuroses,  $2.  'The  follow- 
ing is  in  preparation :  Lucas  on  Diseases  of  the  Urethra.    For  separate  notices  see  index  on  last  page. 
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Taylor's  Medical  Jurisprudence. — ^Twelfth  Edition. 

A  Mft^Tiftl  of  Medical  Jtuispradence^  By  Alfred  S.  Taylor,  M.D.|  Lecturer  on  Medical 
Jurisprudenoe  and  Chemistry  in  Gujr's  Hospital,  London.  New  American  from  the  twelfth  English 
edition.  Thoroughly  revised  by  Clare  Bell,  Esq.,  of  the  New  York  Bar.  In  one  octavo  volume  of 
787  pagesy  with  56  illustrations.     Cloth,  $4.50 ;  leather,  $5.50. 


This  to  a  complete  revision  of  all  former  American  and 
English  editions  of  this  standard  book.  This  edition  con- 
tains a  laree  amount  of  entirely  new  matter,  many  portions 
of  the  book  having  been  rewritten  bv  the  editor.  Many 
casM  and  authorities  have  been  cited,  and  the  citations 
brought  down  to  the  latest  date,  liie  book  has  long 
been  a  standard  treatise  on  the  subject  of  medical  Jurtepra- 
dence.  and  has  gone  through  many  editions— twelve  English 
and  eleven  American.  Mr.  Clark  Bell,  has  enlarged  and 
improved  what  already  seemed  compete,  by  bringing  his 
many  citations  of  cases  down  to  date  to  meet  the  present 
law ;  and  by  adding  much  new  matter  he  has  furnished  the 
medical  profession  and  the  bar  with  a  valuable  book  of  ref- 
erence, one  to  be  relied  upon  in  daily  practice,  and  quite 
up  to  the  present  needs,  owing  to  its  exhaustive  chamcter. 
It  would  seem  that  the  book  is  indispensable  to  the  library 
of  both  physician  and  lawyer,  and  particularly  the  \egBA 
practitioner  whose  duties  take  nim  into  the  criminal  courts. 


The  editor  has  given  to  two  professions  a  reference-book  to 
be  relied  upon.— TV  American  Journal  (tf  the  Medical 
Sciences. 

No  library  is  complete  without  Taylor's  Medieal  Jwitpruf' 
dence,  as  its  authority  is  accepted  and  unquestioned  by  the 
courts.— A^iTato  Meaual  and  SuraiecU  Journal. 

There  is  no  other  work  upon  the  subject  which  has  been 
so  uniformly  recognised  or  so  widely  quoted  and  followed 
by  courts  in  England  and  this  country.  This  eleventh  Ameri- 
can edition  is  fully  abreast  with  the  most  recent  thought  and 
knowledge.  On  the  basis  of  his  own  researches,  of  the 
investigations  of  scientists  throughout  the  world,  and  of  the 
decisions  of  our  own  courts,  he  has  Incorporated  in  it  a 
w^tii  of  practical  suggestion  and  instructive  illustration 
which  cannot  fail  to  strengthen  the  hold  it  has  so  long  had 
upon  the  i^rofession.— TA«  Criminal  Law  Magazine  and  J2e- 
porter. 


BY  THE  SAME  AUTHOR. 


Poiaons  in  Belation  to  Medical  Jniispradence  and  Medicine.    Third  American,  from  the 
third  and  revised  English  edition.   Li  one  large  octavo  volume  of  788  pages.    Cloth,  $5.50 ;  leather,  $6.50. 


Lea's  Superstition  and  Force. — Fourth  Edition. 

Superstition  and  Force :  Essays  on  the  Wager  of  Law,  The  Wager  of  Battle,  The 
Ordeal  and  Torture.  By  Henry  Charles  Lea,  LL.D.  Fourth  edition,  revised  and  enlarged. 
Royal  12mo.,  629  pages.     Cloth,  $2.75. 


Both  abroad  and  at  home  the  work  has  been  accepted  as 
a  standard  authority,  and  the  author  has  endeavored,  by  a 
complete  reyision  and  considerable  additions,  to  render  it 
more  worthy  of  the  universal  favor  which  has  carried  it  to 
a  fourth  edition.  The  style  is  severe  and  simple,  and  yet 
delights  with  its  elegance  and  reserved  strength.  The 
known  erudition  and  ndelity  of  the  author  are  guarantees 
that  all  possible  original  sources  of  information  nave  been 


not  oulv  consulted  but  exhausted.  The  subject  matter  is 
handled  in  such  an  able  and  philosophic  manner  that  to 
read  and  study  it  is  a  step  toward  liberal  education.  It  is  a 
comfort  to  read  a  book  that  is  so  thorough,  well  conceived 
and  well  done.  We  should  like  to  see  it  made  a  text-book 
in  our  law  schools  and  prescribed  course  for  admission  to 
the  hes.— Legal  InteUigencer. 


BY  THE  SAME  AUTHOR. 


Chapters  from  the  Religions  History  of  Spain.  In  one  12mo.  vol.  of  522  pages.  Cloth,  $2.50. 

of  this  volimie  that  it  worthily  complements  the  author's 
earlier  studies  in  ecclesiastical  history.  His  extensive  and 
minute  learning,  much  of  it  from  inedited  manuscripts  In 
Mexico,  appears  on  every  page.— London  Antiquary. 


The  width,  depth  and  thoroughness  of  research  which 
have  earned  Dr.  Lea  a  high  European  place  as  the  ablest 
historian  the  Inquisition  has  yet  found  are  here  applied  to 
some  side-issues  of  that  great  subject    We  have  only  to  say 


The  Formnlary  of  the  Papal  Penitentiary.    In  one  octavo  volume  of  221  pages,  with  a 
frontispiece.     Cloth,  $2.50. 

Few  medieval  documents,  says  the  editor,  have  seemed  :p«n<<entte,  if  only  to  convince  them  that  the  Christian  society 
80  instructive  in  so  many  ways.  In  truth,  this  collection  of  i  of  the  Nineteenth  Century,  so  much  decried,  in  spite  of  all 
368  cases  of  penance  is  extremely  varied  and  suggestive.  I  its  defects  and  all  its  shame,  is  infinitely  superior  to  the 
would  like  to  condemn  all  the  despisers  of  modern  society  Christian  society  of  the  Thirteenth  Centary. —Sevue  de 
and  all  the  thoughtless  apologists  of  the  medieval  Church  ^VIHtioire  det  Reliffions. 
to  read  and  reflect  on  the  Fonne  Romane  curie  miper  easibua 


Stndies  in  Ohnrch  History*  The  Rise  of  the  Temporal  Power— Benefit  of  Olergy— 
Excommunication— The  Early  Church  and  Slavery.  Second  and  revised  edition.  In  one  royal 
octavo  volume  of  605  pages.     Cloth,  $2.50. 

Tlie  author  is  preeminently  a  scholar :  he  takes  up  every  |  the  work  particularly  valuable  to  the  student  who  desires 
topic  allied  with  the  leading  theme  and  traces  it  out  to  the  '  an  exhaustive  review  ftom  original  sources.  In  no  other 
minutest  detail  with  a  wealtii  of  knowledge  and  impart!-  single  volume  is  the  development  of  the  primitive  church 
ality  c^  treatment  that  compel  admiration.  The  amount  traced  with  so  much  clearness  and  with  so  definite  a  per- 
of  information  compressed  into  the  book  Is  extraordinary,  i  ception  of  complex  or  conflicting  forces.— Boston  TVavmer. 
and  the  proAise  citation  of  authorities  and  references  makes  i 


An  Historical  Sketch  of  Sacerdotal  Celibacy  in  the  Christian  Church.    Second  edition, 
enlarged.     In  one  octavo  volume  of  685  pages.     Cloth,  $4.50. 

This  subject  has  recently  been  treated  with  very  great  <  more  liKht  on  the  moral  condition  of  the  Middle  Ages,  and 
learning  and  yriOk  admirable  impartiality  by  an  American  i  none  wnlch  is  more  fitted  to  dispel  the  gross  illusions  con- 
author,  Mr.  Henry  C.  Lea,  in  his  History  qf  Sacerdotal  Cd-  \  ceming  that  period  which  positive  wrltezs  and  writers  of  a 
(bacy,  which  is  certainly  one  of  the  most  valuable  works  ,  certain  ecclesiastical  school  have  conspired  to  sustain.— 
that  America  has  i>roduced.  Since  the  great  history  of  |  Lecky*8  Hietory  of  European  Moral&y  Chapter  V. 
Dean  Milman,  I  know  no  work  in  i^llsh  which  has  thrown 
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Bristowe's  Practice  of  Medicine  .  .  13 
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Browne  on  Koch's  Remedy ....  22 
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Bryant's  Practice  of  Surgery  ...  19 
Bumstead  and  Taylor  on  venereal. 

See  Tayior 24 

Burnett  on  the  Ear 22 

Butlin  on  the  Tongue  ....  20.  30 
Carpenter  on  the  Use  and  Abuse  of 

Alcohol 7 

Carpenter's  Human  PhyslQlogy  .  .  7 
Carter  (&Frost's  Ophthalmic  Surg'y  21, 80 

Caspari's  Pharmacy 10 

Chambers  on  Diet  and  Regimen  .    .  14 
Chapman's  Human  Physiology    .    .    8 
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Churchill  on  Puerperal  Fever  .  .  29 
Clarke   &   Lockwood's  Dissectors' 

Manual 6,30 

Cleland's  Dissector 6 

Clouston  on  Insanity 16 

Clowes'  Practical  Chemistry    ...    8 

Coats'  Pathology 17 

Coleman's  Dental  Suigerv  ....  23 
Condie  on  Diseases  of  Children   .    .  29 

ComU  on  Syphilis 24 

Culver  &  Hayden  on  Venereal  Dis- 
eases     .    . 24 
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